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Abstract: 

Wild fruits provide nutrients and energy for wild animals. However, information on nutrition value of wild fruit is not 
uch study compared to the domestic fruit. This research evaluated on nutrients content in fruit which birds consumed 

fruits as It food resource. This study was conducted at Bukit Sewa, Padawan and Unimas. Bpkit Sewa is an example of 
limestone forest which is very unique and diverse in habitat and numerous of flora and fauny This study was carried out 
by identifying species of birds that feed on fruit tree species. From Padawan fieldwork observations, Passer montanus, 
Ficedula wastermanni, Treron olax, Pycnonotus brunneus, D.c.nigrimenenum, Treron vernans, Dicaeum cruentatum, and 
Arachnot)Jera longirostra was recorded consumed, on fruits . Five species of fruit consumed by frugivorous birds are 
Ficus sp. Durio sp, Theobroma sp and two species of fruits from family Loranthaceae and Melastomataceae. While in 
Unirnas. Prionochilus maculates. Treron vernans, and Anthreptes simplex was recorded consumed on Ficus benjamina. 
Ficus sp recorded the highest of individuals birds consuming it fruits, 15 individuals of birds which are 7 individuals of 
Passer mont anus, 3 individuals of Ficedula wastermanni, 2 individuals of Treron olax, and 3 individuals of Pycnonotus 
brunneus. Ficus sp contain highest nutrients which are 80.57% of water content, 3.62% of ash, 24.62% of crude fiber, 
6.32% ofcrude protein, 7.60% of ether extracts, 57.84% of (Nitrogen Free Extracts) NFE, 4.87 mg/g of calcium and 1.82 
mg/g ofphosphorus. 

Key words: wild fruit, frugivorous birds, crude protein (CP), crude fiber (CF), ether extract (EE), water and ash. 

ABSTRAK: 

Buah-buahan liar membekalkan nutrien dan tenaga kepada hidupan liar. Kajian dan informasi mengenai buah-buahan 
liar kurang diberi tumpuan berbanding buah buahan domestik. Kajian ini adalah bertujuan untuk menilai kandungan 
nutrisi yallg terkandung di dalam buah-buahan yang liar yang menjadi sumber makanan kepada burung. Kajian ini 
dijalankan di Bukit Sewa. Padawan dan Unimas. Bukit Sewa adalah contoh hutan batu kapur dimana hutan jenis ini 
adalah sangot unik dan mempunyai pelbagai habitat disamping flora dan fauna yang pelbagai. Kajian ini dijalankan 
dengan mengenal pasti spesis burung yang direkodkan sedang memakan buah. Hasil kerja lapangan di Padawan, Passer 
montanus. Ftcedula wastermanni, Treron olax, Pycnonotus brunneus. D.c.nigrimenenum. Treron vernans, Dicaeum 
cruentatum, dan Arachnothera longirostra telah direkodkan memakan buah. Lima buah dari spesis pokok yang berbeza 
telah direkodkan dimakan oleh burung, dan pokok itu adalah Ficus sp. Durio sp, Theobroma sp dan dua spesis buah dari 
famili MelastomQ/(lceae dan Loranthaceae. Manakala di Unimas, Prionochilus maculates. Treron vernans, dan 
Anthreptes simplex telah direkodkan memakan buah dari Ficus benjamina. Ficus sp merekodkan bilangan individu 
burung yang ttrtinggi, iaitu 15 individu terdiri daripada 7 individu Passer montanus, 3 individu Ficedula wastermanni, 2 
individu Treron olax, dan 3 individu Pycnonotus brunneus. Ficus sp merekodkan kandungan nutrisi yang tertinggi iaitu 
B0=57% kandungan air, 3.62% kandungan ash. 24.62% kandungan crude fiber, 6.32% kandungan crude protein, 7.60% 
kandungan ether extracts, 57.B4% kandungan Nitrogen Free Extracts (NFE), 4.B7 mg/g kandungan calcium and 1.B2 
mg/g kandunganfosforus. • 

Kata k1lllcl: huah liar,burung yang memakan buah. crude protein (CP). crude fiber (CF), ether extract (EE), air dan ash. 
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1.0 Introduction: 

Fruit can be defined as the structure fonned from the ovary of a plant flower and usually 

formed after the ovules have been fertilised (5th edition of Oxford Dictionary of Biology). 

Fruit is an important energy investment for plants. This energy stored nutrients for plant 

growth. Generally, fruit in forest become food resource for wild animal and provide 

nutrients for animal's growth. 

The relationship of frugivorous birds and fruit has attracted the evolutionary biologist since 

Charles Darwin's time. Example can be found in Darwin's finch theory which finches have 

evolved with special physical attributes of beaks for adapt on available food on different 

island (Gill, 1990). Through the process of natural selection and adaptive radiation, they 

developed beaks according to the available food sources. Some finches developed short, 

thick beaks for eating seeds while others developed long, pointed beaks for eating fruit. 

This positive relationship between frugivorous birds and fruit plant are known as 

mutualism. Mutualism means interaction between two different organisms which lived in 

close physical association and both organisms give benefits to each other. Example of 

mutualism interaction is, as the frugivorous birds consumed on fruit, then this birds later 

defec~tes the seeds in other places. This reduces competition between young seedlings and 

their parents' plant. 

Essential dietary nutrients are needed for the synthesis of crucial biomolecules and for the 

proper functioning of biomolecules. Nutrients also cannot be synthesized by the organism 

or they are synthesized in amounts insufficient to meet cellular demands. The deficiencies 
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of nutrients constrain genotypic expression and (or) result in tissue and organ pathologies 

(Carey, 1996). 

The digestible materials of a fruit have three main nutritional components these are 

carbohydrates, proteins and lipids (Meisenburg and Fox, 2002). But, not all carbohydrates, 

proteins and lipids are digestible and only the metabolized portion can supply the energy 

(and substrate) a birds need to exist (Castro et aI, 1989; Karasov 1990; Murphy 1993; 

Carey 1996). 

2.0 Objectives: 


Information about nutrition value of wild fruit is not much studied compared to the 


domestic fruit. Thus, this research was conducted to evaluate the nutrients content in wild 


fruit which are consumed by wild frugivorous birds. 


The main objectives of this study are: 


• To determine the species ofbirds consuming wild fruits. 

• To evaluate and compare nutrients content in fruit eat by frugivorous birds. 
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3.0 Literature review 

3.1 Frugivorous birds. 

."Birds are extremely well-defined group of vertebrate because of their feathers, which are 

unique modifications of outer skin (Gin, 1990). According to Gill (1990), adaptations for 

feeding are conspicuous feature of avian evolution. These adaptations include modes of 

locomotion birds use while feeding, structure of the bills, and the digestive system. A 

bird's bill is its key adaptation for feeding. The size, shape and strength of the bill affect a 

bird's diet. The varied diet of modem birds include green leaves, buds, fruits, nectars, 

seeds, invertebrates of all sizes, and vertebrates of many kinds including carrion (Morse 

1975). 

According to Solomon (1995), Darwin's theory explained how limited food supply during 

a severe drought caused a population of Galapagos finches to undergo disruptive selection. 

The finch population initially exhibited a variety of beak sizes and shapes. Because the 

only food available for the finches during the drought was wood-boring insects and seeds 

from cactus fruits, selection favored birds with beaks suitable for obtaining these types of 

foods. Finches with longer beaks survived because their could open cactus fruits, whereas 

those birds with wider beaks favored because they could strip off tree bark to expose 

insects. Thus, finches with beaks at two extreme of the normal distribution were favored 

over birds with average beaks. For example, Geospiza scandenz feed on fleshy parts of 

cacti. A large ground finch, Geopiza magnirostra has an extremely heavy nutcracker-type 

bill adapted for eating heavy-walled seeds. Camarhyncus pal/idus a woodpecker finch also 

can be found in large Galapagos Island, has complex beak and tongue adaptations that 

permit it to reach their prey. 
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Meisenburg et at, (2002), stated that, plant has evolved mechanism for seeds dispersal. 


Usually dispersal is fairly straightforward process involving wind or water. Two strategies 


." 
which involved animals are ectozoochory and endozoochory. Ectozoochoric fruits or seeds 

attach to animals with hooks, barbs, or sticky secretions while endozoochoric fruits usually 

entice animals with a meal of some sort. Endozoochory is an example of loosely coevolved 

mutualism. Frugivorous birds consume fruits, which include skin, pulp, and seed(s). 

Mutual interactions between birds and plant species have been emphasized in a range of 

studies of endozoochory, during which frugivorous birds consume fruit and subsequently 

disperse plant seeds (Snow 1971; 10rdano 1995). 

3.2 Nutrition requirement. 

Plants contained many minerals elements that are metabolically essential, examples include 

carbon, oxygen, hydrogen, nitrogen, phosphorus, calcium, and many more. According to 

Carey (1996), the nutrition of animals involves procurement of food, digestion and 

absorption of component nutrients, metabolism and (or) assimilation of absorbed nutrients 

and elimination of resulting waste products. Adequate nutrition is essential to an 

organism's survival and reproductive success and fitness. Generally, the status of animals 

nutritional depends on three factors, which are its nutrients needed, nutrients accessibility,. II 
and the metabolic, physiological, morphological and behavioral plasticity that the animal 

can invoke either to avert or to minimize discrepancies between demand and accessibility, 

or to resolve conflicting demands through the course of animals annual or life cycle ( 

Mrosovskyand Sherry, 1980). 
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Proteins are major constituent of the animal's body. Proteins are important constituent of 

animal cell walls and component of enzymes, hormones, lipoproteins, antibodies, blood 

clotting factors, and carriers in active transport system (Robbins, 1993). Amino acids 

obtained from food (primarily from digested protein) are used mainly for synthesis of 

protein in tissue and products. Most amino acids not used in protein synthesis are quickly 

catabolised rather than stored in the body (Carey, 1996). 

Minerals not only acts as metabolic activators or facilitator but also required by birds for 

fonnation and maintenance of the structural of skeleton, for osmotic and acid-base 

homeostasis and function as integral parts of hormones and other bio-molecules, as 

activator of enzymes, and as regulatory agents in cellular metabolism and function. 

According Robbins (1993), in general, wild animals may utilize minerals more efficiently 

perhaps by higher uptakes or by longer retention, and therefore have lower dietary 

requirements than selectively bred domesticate"d animals. 

According to Carey (1996) water is an essential solvent facilitating transport of substances 

in the body and hydrolytic reactions pre-dominate in the degradation of biomolecules. 

Water also plays fundamental roles in thermoregulation and in the regulation of osmotic 

and acid-base balance in the body. Generally, animals are able to survive specifics and (or) . 
energy shortages much longer than water shortages. Bartholomew and Cade, (1963) 

classified water into three sources: (a) free water such as streams, lakes, snow, rain or dew; 

(b) prefonned water contained in food; and (c) oxidative or metabolic water produce as a 

product of oxidation of organic compounds containing hydrogen. And many free ranging 

herbivores, carnivores, frugivores, granivores, insectivores and nectivores meet their water 
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requirements during at least a portion of the year from prefonned water and metabolic 

water, thus they do not drink water (Richmond et al., 1962). 

3.3 Point count technique. 

There are many field methods to monitor birds either to identify wild species of birds or to 

estimate density of population from frequency of bird's abundance. A suitable method of 

choices it depends on monitoring objectives, target species and type and characteristics of 

ecological communities selected (Bibby et aI, 1992).The use of population size as a 

measure of health of a species has been studied for many years and has been a very 

common tool of ornithologist. According to Bibby et al. (1992), probably the most widely 

used are modifications of unlimited distance point counts conducted at a series of counting 

stations. These often represent the best compromise between economy of collection effort 

and precision and accuracy of the estimates of population trends or population indexes. 

Point count technique has been used to estimate density or count frequency of birds. To get 

accurate and unbiased frequency estimated, very important aspect is distance. The 

minimum distance is 250 m (Ralph et aI, (1995).The closer the distance the higher chances 

of observer counting birds twice and it can lead to overestimating the frequency. The 

longer distance need longer time to travel and can lead to problem to observer to track . 
birds. 

The weather also play important role to the success of point count technique. According to 

Ralph et aI, (1995), birds should not be surveyed when it is raining, heavy fog, or when 

noise from wind-blown vegetation interferes with counting. An appropriate way to 
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detennine the loss ofdetection is the inability to detect birds at longer distances as the wind 

or rain increase. 

3.4 Ficus sp. 

Ficus species or figs are a large group of trees and shrubs growing throughout the tropics 

but chiefly in the Old World. According to Rentokil Tropical Plants Fact Sheet, ficus are 

amazingly diverse plants, ranging from low growing creepers to vigorous vines and trees. 

The Ficus genus consist about 800 species in the family Moraceae, native throughout the 

tropics and wann temperate region. In Chinese the fig is caned 'fruit without flower' 

because the trees directly produce fruits without flowering. The flowers are involutes 

inside the fruit's inner surface called syconium. The syconium often has a bulbous shape 

with a small opening at the distal end that allows access by pollinators (NationMaster, n.d). 

3.5 Loranthaceae. 

Loranthaceae family has 73 genera and about 850 species of parasitic flowering trees or 

shrubs. According to Nickrent et ai, (2007), this family comprises mostly aerial hemi 

parasites, but three monotypic genera are entirely rooted parasitic. The family occurs 

mainly in tropical areas worldwide, although they are also found in temperate habitats of 

Europe, Asia, South America, Australia, and New Zealand. The plants range in size from . 
small herbs to trees up to 10m high; the smaller speCies are usually woody parasites on 

tree branches, while the larger species are root parasites. The unlobed leaves are usually 

evergreen, sometimes thick and fleshy, and arranged in pairs, each leaf opposite the other 

on the branch. The green leaves contain some chlorophyll, which allows the plants to 

manufacture food, but all Loranthaceae are parasitic to a certain extent and form 

connections (haustoria) to their hosts to obtain water and nutrients. The flowers are usually 
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bisexual, and the fruits are almost always one-seeded berries. The berries are eaten by 

birds, who distnbute the seeds by depositing them on trees or shedding them in droppings, 

(Encyclopedia Britannica Online, 2009). 

3.6 Melastomataceae. 

Melastomataceae occur in all tropical biomes, are abundant, ecologically important, and 

comprise many horticulturally important species. From Wikipedia, family 

Melastomataceae (alternatively Melastomaceae) is a taxon of dicotyledonous flowering 

plants found mostly in the tropics (two thirds of the genera are from the New World 

tropics). Melastomes are annual or perennial herbs, shrubs, or small trees. According to 

Rennenr et aI, (2001), Melastomataceae comprise .....3000 species in the neotropics, ...1000 

in tropical Asia, 240 in Africa, and 225 in Madagascar in 150-166 genera, and the taxa 

sampled come from throughout this geographic range. Melastomataceae is characterized 

by having the major leaf veins usually 3-9 palmate and running in a parallel fashion from 

the base of the blade to near the leaf tip. The leaves are opposite and decussate or rarely 

alternate by abortion of one of the members of a pair; stipules are absent. The flowers are 

bisexual and actinomorphic to rather zygomorphic, at least with respect to the androecium 

and style (Carr, 2006). The family Melastomataceae shows two major modes of dispersal 

for its small seeds: wind for capsular fruits, and birds for berry-type fruits (Gary et aI,. 
1993) 
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3.7 Theobroma cacao sp. 

,j< 

Cocoa (Theobroma cacao L.) is a native of Amazon region of South America. The bulk of 

it is produced in the tropical areas of the African continent. There are over 20 species in the 

genus but the cocoa tree, Theobroma cacao is the only one cultivated widely. Four major 

types of cacao are cultivated: Criollo, Forastero, Trinitario and Nacional. The Criollo tree 

originates in Mexico and Central America and gives very high quality cacao beans and is 

mainly cultivated in South and Central America. The yidd is fairly low. A number of 

varieties of Criollo are cultivated; in Venezuela well-known varieties are Chuao, 

Porcelana, Puerto Cabello and Carupano. Criollo beans are often mixed with other varieties 

ofcacao when making chocolate. 

\ , 
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4.0 Methodology 

4.10 Field method. 

4.11 Study site. 


Bulcit Sewa is located at Padawan, about 30 Ian from Kuching town. The Global 


Positioning System (GPS) recorded using Garmin GPS map 60 CSx for Padawan area is 


Ol08'20''N and 1l00I5'16"E. Unimas is located at Kota Samarahan about 20 Ian from 


Kuching town. GPS reading for UNlMAS east campus is Or28.316' N and 110°25.992' E. 


4.12 Field work. 


Point count survey technique was used to record and identify species of birds. I choose a 


transect of about 200 m long located inside a vegetation plot. Then, I divide the transect 


into four sections of 50 m long. Point count was conducted at the centre of each section. 


An illustration on point count method is on figure 3. 


I covered two time periods, morning (0700) and evening (1800). By using binocular, 

species of frugivorous birds was identified. About 10 minutes count period, species and 

frequency of frugivQl'oUS birds that feed on fruit was recorded. Then wild fruits were. . 
collected as a sample to be analysed. At Unimas, I Conducted fruiting tree watches. 

Watches were from a concealed position not less than 25m from the tree and covered two 

time periods, morning (0700) and evening (1800). During these periods, I recorded species 

f frugivorous birds that were seen consuming fruits. Then wild fruits were collected as a 

semple to be analysed. 
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Figure 1: Padawan map from Google Earth 

Figure 2: Unimas map from Google Earth. 
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Figure 3: An illustration of point count technique. The 200 meter transect was 

divided into four sections and point count technique was conducted at the centre of 

each section. 

4.20 Laboratory work-Diet composition of fruit. 

To evaluate nutrients contained in the fruits, chemical analysis was done. All part of fruits 

that collected include pulp was used to analyse. Before the nutrients can be evaluated, all 

fruit sample, Ficus benjamina, Ficus sp, Melastomataceae, and Loranthaceae was oven

dri"ed at 60-70°C about two days and passed through (ground) a 1 mm sieve for chemical 

analysis. After two days sample was oven-dried, dry matter and water can be determine 

using this formula: 

Dry matter (%) = dry sample weight x 100% 
Fresh sample weight 

Water =100% - Dry matter (%) 

13 



4.2.1 Chemical analysis. 

The ground sample need to analyze using proximate system for determine crude protein 

." 
(CP), crude fiber (CF) crude fat (ether extract), ash, dry matter and water. Experiment for 

crude protein and ash are followed methods and procedures of Association of Official 

Analytical Chemist (AOAC), 1995. All fruits samples were analyzed in triplicate to get 

accurate data but only Loranthaceae are not have replicate due to too little sample 

collected. 

4.2.1.1 Ash and organic matter determination. 

About 1 g of ground sample was weighed using analytical balance and placed into crucible 

and then place into furnace. For first one hour, 250°C temperature was used and then raised 

it up to 500°C for next 4 hours. The ash indicates the concentration of mineral present in 

the plant where are not volatized at 500°C. The sample was left for overnight and placed it 

into crucible to cool it down. The crucible was weighed again after the sample was cold. 

sample then was dissolved into 25 ml of 2N hydrochloric acid (HCl) and top upped 

·tb distilled water until 100 ml. Later, this dissolved ash will be used for mineral analysis. 

(%) =	Ash weight (g) x 100 

Sample weight (g) 
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4.2.1.2 Crude protein determination. 

Crude protein determination include of three steps, which are digestion, distillation, and 

titration. For digestion, 1.5 g of ground sample from Ficus benjamina, 
~ 

Ficus sp, 

Melastomataceae sp, and Loranthaceae sp was placed into Kjeldah tube. Triplicate samples 

of Ficus benjamina, Ficus sp, Melastomataceae was analyzed and no replicate for 

Loranthaceae. Then one tablet of Kjeldahl catalyst and 6 ml of sulphuric acid (H2S04) was 

added into the digestion tube. Next, the digestion tubes were heated at 418°C for one hour. 

1be solution are in clear visibility indicates all sample was digested by acids. Then, follow 

distillation step, the cooled sample 10 ml of 40% sodium hydroxide (NaOH) and 30 

of distilled water was added into each digestion tubes. The sample then was distillated 

into 20 ml of 4% boric acid and which 10 drops of mixed indicator (Methyl red and 

Bromocresol green) was added. The greenish solution tum to pink indicates that the 

ammonia gas released during distillation and it dissolving in the boric acids. For last step, 

titration, the greenish receiver solution will be titrated with O.lN hydrochloric acid (HCI) 

1D1ti1 the solution tum to pink. The titration reading was recorded. 

crude protein content was calculated using this formula: 


gen (%) = a-B) x 14.007 x N x 100 

Sample weight (mg) 


. Protein (%) = Nitrogen (%) x 6.25 

ample titration reading, B = Blank titration, N= Normality ofHCI 
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.2.1.3 Crude Fat (ether extract) determination. 

Crude fat (ether extract) can be detennined by refluxing the sample with diethyl-ether in a 

Soxhlet extractor. First, weight of dried flask was recorded as W I before fit to the Soxhlet 

extractor. Then about 2.0 g of sample inside was added into extraction thimble. Cotton 

wool was placed into thimble mouth then the thimble was plugged inside a Soxhlet 

extractor. About 150 ml of diethyl ether was poured into Soxhlet extractor and refluxed 

about 6 hours. The extract then was dried and weighed as W2. 

Ether extract can be detennined using: 

Ether extract: W 2 - WI 

Ether extract (%) =vu.-WI X 100 
Weight ofdry sample 

Notes: 

WI =weight ofcleaned flask (g) 

W2- weight ofcollected sample after reflux (g) 

4.2.1.4 Crude fiber determination. 

Crude fiber is the loss on ignition of dried residue remaining after successive digestion 

with 1.25% ofsulphuric acid (H2S04) and 1.25% of sodium hydroxide (NaOH). About 2.0 

tmJple was added into the beaker. Then, 200 ml of hot 1.25% of sulphuric acid (H2S04) 

added and boiled for 30 minutes. The suspension was filtered using Buchner funnel. 

sample was washed with hot water for three times to 'speed up filtration process. Then 

filter paper which contained residue was plac d in the same beaker used in earlier and 

of hot 1.25% of sodium hydroxide (NaOH) was added. The sample then was boiled 

_dtly for 30 minutes. After that, the sample was filtered and washed with hot water. 

the residue was removed and transferred into crucible the weight was measured. 

drying overnight at 100°C, the sample was weighed again (weight of residue). For 

16 



last step, the dried sample was placed into a muffle furnace at 500°C for 4 hours for ashing 

pmpose and was weighed again after it cooled in desiccators (weight of ash). 

Crude fiber was determined using the formula: 

Weight ofcrude fiber: Weight of residue - weight of ash 

Crude fiber % = Weight of crude fiber X 100 
Weight ofdry sample 

4.l.1.5 Nitrogen Free Extract determination. 

itrogen Free Extract (NFE) consists of carbohydrates, sugars, starches, and a major 

portion ofthe hemicellulose in fruits samples. To calculate NFE the formula as follows: 

itrogen Free Extract (NFE) % = 100% - [Percentage of crude protein (%) + Percentage of 

crude fiber (%) + Percentage of crude fat (%) + Percentage of ash (%)] 
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