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ABSTRACT 

The intake and digestibility of Ficus benjamina and Carica papaya L. by Philippines Glossy Starling, 

Aplonis panayensis was studied using ten birds per treatment. They were fed with the test-diet ad 

IIbitilim for 14 days and first seven days were used as adjustment days in captivity. The amount of 

food given, left-over and feaces were collected daily and dried to calculate the dry matter intake and 

digestibility. The result showed that dry matter intake and digestibiJity of C. papaya is higher than 

F. benjamina by Philippines Glossy Starling. The body weight loss also was at minimum level by 

birds consuming C. papaya diet. 

Key words: Philippines Glossy Starling, Ficus benjamina, Carica papaya L., intake, digestibility 

ABSTRAK 

Kajian mengenai kadar pengambilan dan penghadaman buah Ficus benjamina dan Carica papaya L. 

oleh Philippines Glossy Starling, Aplonis panayensis telah dijalankan dengan menggunakan sepuluh 

ekor burung bagi setiap rawalan . Burung tersebul lelah diberi makan buah kajian secara 

berlebihan selama 14 hari dan tujuh hari yang pertama digunakan sebagai tempoh penyesuaian 

do/am kurungan. Nilai berat buah yang diberi, buah yang tertinggal dan bahan kumuhan yang 

dikeluarkan oleh burung telah diukur setiap hari untuk mengetahui kadar pengambilan dan 

penghadaman. Hasil daripada kajian didapati bahawa kadar pengambilan dan penghadaman 

C. ~ adalah lebih baik berbanding F. benjamina oleh burung Philippines Glossy Starling 

dalam kunmgan. Kadar kekurangan berat badan juga adalah pada kadar lebih rendah pada burung 

yang makan buah C. ~ 

Kala kunci: Philippines Glossy Starling, Ficus benjamina, Carica papaya L .. kadar pengambilan, 

penghadaman 
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1.0 INTRODUCTION 

Starlings are grouped into family Sturnidae; Order Passeriformes with 328 species 

worldwide and 53 species in South East Asia (King et. ai, 1975). Philippine Glossy 

Starling is a medium-sized bird with red iris; long black legs; powerful and sharp 

bill to catch invertebrates or fleshy fruits (Symthies, 1999). Adults are entirely black 

and their feathers shining in green glossy color; meanwhile immature birds are 

whitish in below part and strongly streaked with black. Philippine glossy starlings 

are well adapted to human habitation and become common birds in disturbed areas. 

They are omnivorous and mainly feed on all kinds of soft fruits like papaya, banana, 

figs and some insects (Strange & Jayarajasingam 1993; Kalaiarasu, 1986; Symthies 

1999 and Mackinnon & Philipps 1994). 

According to Shanahan et al. (2001), from 54 families of birds, the family Stumidae 

is among the most frequent consumer of ficus fruit species along with other 

Passeriformes families. Across the tropics, 64 species from family Sturnidae are 

known to eat ficus fruits. The huge consumption of ficus (Moraceae) is due to the 

diversity of this woody plant throughout the pan-tropical region and providing fruits 

throughout year. This characteristic makes them as "keystone resource" for wildlife 

in tropical rainforest (Marcot et aI., 2001; Hill, 1967 and Nason, el al., 1998). 

However, their nutritional value is not well known as only few species have been 

analyzed and the results seem contradictory (Serio-Silva et a1. (2002). According 
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Tamang et al. (2007), the matured F. benjamina contains 76 % of water, 7.3% of 

ash, 18% of fat, 40.2% of carbohydrate and 21.7 % of crude protein. High calcium 

levels in ficus fruit add further importance to their role in diet of frugivores 

(Shanahan et aI., 2001). 

As figs densities decline in forest following massive logging activities (Kannan & 

James, 1999), wild papaya which is another potential year-round fruit source may 

reduce the impact of logging on frugivores. But its importance for wildlife remains 

unstudied as papaya are grown as food source for human consumption; and 

therefore found in human settlement area (Ragusa-Netto, 2002). C. papaya, which 

belongs to family Caricaceae is an essential energy and nutrient provider to birds' 

especially Philippine glossy starling. C. papaya contains 43.28% of starch, 15.15% 

of sugar, 11.1 % of crude protein, 1.29% of crude fat, 10.65% of moisture and 

11.7% of fibre. They are also rich in minerals such as potassium, iron, sodium, 

calcium, phosphorus and other minerals (Oloyede, 2005 and Anjos, 2005). 

Currently the information about the bird's nutritional needs and its consumptions 

are largely limited to domesticated species that have commercial value. The study 

on food intake and digestibility mostly focus on poultry (Carey, 1996). But it is less 

appropriate to compare poultry species which belongs to order Anseriformes and 
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Galliformes with the starlings from the Order Passeriformes since they are 

metabolically different (Refsnider, 1993 and Mukhjee et aI. , 2007). 

2.0 OBJECTIVE 

The objective of this study was to determine and compare the dry matter of intake 

and dry matter digestibility of F. benjamina and C. papaya by Philippine Glossy 

Starling. 

3.0 LITERATURE REVIEW 

Studies on wild birds mainly focus on its diversity, abundance and phylogenetic 

relationships (Mock, 1991). There are very few studies on the nutrition of wild birds 

and none at all on the intake and digestibility of fruits by starlings. 

The study on food intake in a captive bred Puerto Rican Plain Pigeon was done by 

Aviles-Vasquez (2004). The amount of food consume was measured to determine 

their average caloric intake. Eight individual birds were kept in separate cages and 

were given grains as their daily diet. They find out that the average daily calories 

intake of this captivity birds are smaller than average for Columbidae family, and 

one third of the pigeon would not eat for days despite foods being available. They 

conclude that this phenomenon may be related to the low nutrient requirement of 

captive pigeon compared to wild birds which have to expend large amount of 
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energy to move and forage. They also suggest that the food consumption decrease 

with age and influenced by stress on captive birds. 

A study by Zeigler et al. (1972) on food intake and weight regulation using pigeon 

was a first step in the study of regulatory processes in any species. The data 

obtained from this study was compared with data which existed for the rat. The 

study which takes two month as an adaptation period for birds was divided into 

three sections where firstly the stability of daily intake and body weight values and 

the relation between food and water intake were examined in pigeons maintained in 

the laboratory fed under ad lib conditions. The second study explored the 

interaction of eating and drinking under conditions of food and water deprivation. A 

third group of experiments deal with the regulation of body weight in pigeons 

during periods of deprivation and followed by recovery from deprivation. They 

found that under comparable conditions, food and water intake in the pigeon also 

tends to be highly correlated and that there is a fairly constant ratio of water intake 

to food intake in individual birds. The eating and drinking in the pigeon are even 

more striking during periods of food or water deprivation. Total deprivation of 

water is fo llowed by a drastic reduction in food intake. Intake levels during 

recovery from deprivation are significantly above normal, declining gradually as 

body weight approaches its ad lib value. They indicate that following a period of 

food deprivation, the pigeon regulates its body weight by controlling food intake so 

as to compensate over an extended period of time, for the food lost during the 

privation period. 
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Hatt et al. (200 1) studied the use of artificially applied n-alkanes as markers to 

estimate the protein digestibility, food selection and intake in pigeons, Columba 

livia. This study compares the accuracy of food selection, intake and apparent 

digestibility of protein results between artificially applied n-alkanes and excreta 

collection method. The birds had six days of adaptation to the new commercial seed 

mixture and the excreta been collected after adaptation period. From this study, they 

found that the pigeon daily dry matter intake averaged 8 % of their body weight and 

this apparently 10 % of their body weight. The protein digestibility also lowers than 

estimated amount by 0.05 significant levels. They conclude that the study on food 

intake and digestibility of avian using n-alkanes as marker is safe as the body 

weight of captive birds do not affect badly by synthetic n-alkanes. They also 

suggest that more studies need to be undertaken on this field. 

According to Martin & Wright (1993), the wild birds often survive poorly or suffer 

loss of body mass in captivity, especially during the first week in captivity. The 

initial body weight of dead birds reduces greatly during first week in captivity 

(approximate range 8% -37%) compared to survived bird. In his study, only 89 (76 

males, 13 females) birds from 100 willow ptarmigan removed during the 1981 to 

1983 breeding seasons survived in captivity. In the study that measured survival 

successfulness and loss of body mass in captivity of willow ptarmigan, four birds 

(three males, one female) that did not receive injections of estradiol cypionate 

(ECP) died. All uninjected males died during the fourth day of captivity; the female 

died during the second day. However, only 14 or 16% of the birds injected with 

ECP died in captivity. 
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Refsnider (1 993) stated that metabolic rate in passerines was 50% higher than in 

non passerines of equal mass and they have significantly higher total percent of 

weight loss because of stress during banding process. Regard that, during 

development of the captive and reintroduction techniques for endangered Kirtland's 

Warbler (Dendroica kirtlandii), Bocetti (1994) discovered several efficient 

technique for increase the chances of survival for Passeriformes in captivity. The 

juvenile Nashville Warblers (Vermivora ruficapilla) were captured between 1986

1988 using mist nets and held in captivity for 2-35 days. After a warbler was 

removed from a net, it was introduced into a small (46 x 46 x 46 cm) holding cage 

which completely covered with a dark cotton cloth that allow good air circulation 

and little light penetration into the cage. Usually two birds were placed per cage. 

Each cage was prepared with food, water and the bottom of cage were lined with 

paper and cut branches to provide additional perches and cover. The physical 

appearance of each bird, the color and texture of feces were used to determine the 

bird's condition. White feces with solid matter indicated that the bird had taken both 

food and water. White liquid feces indicated the bird had taken only water. 

Greenish liquid feces indicated the bird had taken neither food nor water. The first 

six hours of captivity were the most critical, and if a bird survived this period it 

would likely accept its captive environment. A bird that survived for 24 hours was 

considered to have accepted captivity. When the original captive technique was 

introduced in 1986, five warblers were dead in captivity and the dead rate was 

reduced when the new captive technique was used in 1987 and 1988 (Bocetti, 

1994). Furthermore, it was suggested that three factors were important to 

successfully keep birds in captivity. There are dark and quiet environments needed 
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successfully keep birds in captivity. There are dark and quiet environments needed 

to allow the birds to calm down; prompt provision of food and water as birds need 

to replenish energy quickly; and minimal handling time to reduce stress. Bocetti 

(1994) stated that the bird accepted captive environment ifit ate its food. 

Temperature has the opposite effect on the food intake of birds. Warren & Clark 

(1986) found this during study on the effect of winter temperature on food intake of 

chukars (Alectoris chukar). They used fifty adult chukars for 30 days as their 

samples. The chukars were offered mixed grains along these 30 days and the 

remaining amount of offered seed was weighed after each 24 hour of feeding time. 

After these amounts subtracted from the original ration to calculate the net daily 

intake for the entire group, they found that the relationship between daily 

temperature measurements and daily food intake was negative and highly 

significant. This mean the food intake is higher at low temperature. 

Digestibility is an important determinant of nutritive value, food choice and food 

intake in vertebrates and their foraging behavior (Moss, 1974). Moss (1983) 

revealed that birds that eat coarser, more fibrous foods tend to have bigger guts 

presumably because coarser foods demand greater intakes and digestive abilities. 

Several factors that might affect digestibility are ambient temperature, retention 

time of food in the gut, state of molt and reproductive condition. He found that the 

digestibil ity of a food depends partly on the "digestive abilities" of the birds eating 

it, partly on the food's intrinsic digestibility and on daily intakes. Digestive abilities 

ofthe birds vary as much as intraspecifically and interspecifically. 
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The study conducted by Mcnab (1999) revealed some of the problems and 

difficulties that may be faced on food intake and digestibility studies. The study 

which focuses on level of energy supplement by diet on poultry revealed that the 

high level of stress maybe applied on captive bird if not handle with care and 

experience. The removal of feaces too maybe disturbed by the presence of bird's 

feather, contamination of scurf and fermentation losses and its influence on the 

measurement offeaces. Another study by Romero & Remage-Healey (2000) found 

out that stress level of captive starlings are higher at night, during bird's inactive 

period and decrease during day times. They suggest this phenomenon occur because 

starling releases more corticosterone during the night time in response to identical 

stimuli. 

Ficus fruits had become central study material in several experiments although the 

nutritional quality of ficus is low and contain considerable amounts of indigestible 

fibre (Morrison, 1978). Ficus are widely present in the diet of birds especially in 

tropics (Kinnaird et.al, 1996). Figs (Ficus spp.) are keystone resources that appear 

to be high in calcium and provide fruit throughout the year (Marcot et al., 2001 & 

Shanahan et al. 2001). Corlett (1992) reported that ficus tree in Hong Kong have 

irregular attraction for frugivorous birds throughout year besides other seasonal trees 

because lack of availability of other food resources. 

Ragusa-Netto (2002) carried out a study on fruiting phenology and consumption of 

Ficus calyptroceras (Moraceae) in the dry forest of Brazil. A five-kilometer transect 
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was set up for phenological observation on 50 individuals of Ficus calyptroceras. 

This study showed that parrots are the main consumer of ficus fruit along with other 

small billed birds from family Emberizidae. He suggested that the big birds are not 

a good ficus seed disperser as some intact seeds were likely defecated under the 

crown since their visit on the ficus tree were long. 

Leighton (1 973), studying the foraging efticiency of seven species of hornbills in 

different patches at Borneo lowland forest. He observed that the many seeded and 

carbohydrate rich fruit of the genus ficus were visited frequently by black and 

rhinoceros hombills. Although ficus have most energy available as carbohydrate, it 

provides less complete diet with inadequate nutrient mix to hornbills. This was 

shown when rhinoceros hornbills showed ill health and hunger sign on the third day 

of its feeding although it ate 411 ficus fruits on three days. So, big sized hombi Ils 

cover large areas to obtain adequate nutrient especiaJly nitrogen from various wild 

fruits to maintain their body mass. 

A study by Conklin & Wrangham (2003) on the nutritional contents of selected 

ficus species show that generally ficus had low nitrogen content and hardly being a 

good nitrogen supplier to the birds. Because of lack in the nitrogen content, bird 

tend to loss their body mass and pay the nitrogen deficit with their own body 

reserves of protein (Andreev, 1991). This was supported by the study of Pryor 

(2003) who compared endogenous protein losses and protein requirements of three 

highly specialized species of parrot using several fruits include ficus spp. In this 

study, the birds were given food in captivity and weighed everyday to monitor 
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changes in theirs body mass and diet weight. Their excreta were collected to analyse 

nitrogen content. They concluded that frugivorous parrot exhibit reduced 

endogenous protein losses and low protein requirements relative to granivorous 

budgerigars. The phenomenon exhibited by these birds seems to be a mechanism to 

adapt to low-protein diets. 
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4.0 METHODOLOGY 

4.1 Field method 

Mist nets were used to catch the birds but only the adult Philippine Glossy Starlings 

were used for study. Both sex selected as sex did not prove to be a significant 

variable in any of the previous studies (Zeigler et ai., 1972 and Refsnider, 1993). 

The birds were weighed-in immediately as the bird lost most of its weight during 

first half hour of banding (Refsnider, 1993). Ten birds per treatment were used for 

this study. 

4.2 Birds maintenance 

Each bird was placed in a separate cage (O.5m length x O.3m width x O.6m high) 

which was located under shade. Each cage was provided with a cup of fresh water 

and test-diet (F. benjamina or C. papaya). A cut of branch was placed in the cage to 

provide perching facility to the birds. 

The duration of study was 14 days for the papaya diet treatment and the first seven 

days was used as an adjustment period. A cup of 1.2 mg/ml cane-sugar solution and 

pre-weighed test diet was given to each bird during study period. The cane-sugar 

solution help the birds to reduce stress, maintain their weight and growth normally 

ugiura & Benedict, 1922 and Moss & Parkinson, 1972). In the trial, the birds 

were supplied the test-diet ad libitum. 
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4.3 Sample collection 

A clean tray was placed under each of the cages; and food remains and faeces that 

had dropped to the bottom of the cage were collected daily. They were separated 

from each other, dried in a force draught oven at 80°C and weighed. 

4.4 Chemical analysis 

The dry matter, ash phosphate and crude protein content of the ficus and papaya 

fruit; the dry matter of left-over fruits and faeces of birds were detennined using 

standard laboratory techniques (Cunniff, 1995). 

4.5 Data analysis 

In this experiment, the dry matter intake and digestibility of F. benjamina and C. 

papaya by each bird was calculated as follows: 

Dry matter offered (g) = Fresh fruit offered (g) x % dry matter 

(this is done on daily basis) 

Dry matter left-over (g) = Cumulative left-over that is dried in the oven * 

Dry matter intake (I, glday) = (Total dry matter offered (g) - Cumulative dry 

matter left-over (g») / Total days 

faecal output (F, g) = Cumulative output that is dried in the oven* 

matter digestibility (%) = 100 x (I - F)/I 

13 



Mean body weight = (Initial body weight + final weight)/ 2 

• Cumulative left-over food and feaces output varied between ficus and papaya 

sample. It depends on the length of the study. 

The mean value calculated using 10 birds as replicate. T-test used to compare the 

mean dry matter intake and digestibility values. The hypothesis of this experiment 

was: 

First hypothesis 

90: 	There is no significant difference between dry matter intakes of ficus and 

papaya fruit by Philippine Glossy Starling 

HA: There is significant difference between dry matter intakes of ficus and papaya 

fruit by Philippine Glossy Starling 

Second hypothesis 

90: There is no significant difference between dry matter digestibility of ficus and 

papaya fruit by Philippine Glossy Starling 

HA: There is significant difference between dry matter digestibility of ficus and 

papaya fruit by Philippine Glossy Starling. 
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5.0 	 RESULTS 

5.1 	 Dry matter intake (DMI), dry matter intake (% of body weight); dry 

matter digestibility (DMD), Digestible dry matter intake; Mean body 

weight and weight loss 

The dry matter intake, dry matter digestibility and digestible dry matter intake of 

C. papaya and F benjamina by Philippine Glossy Starling were significantly 

different (9.47g/day and 7.04 glday; 96.36 % versus 68%; 4.82g1day and 9.l2g/day, 

respectively; P<O.O 1). But the dry matter intake of C. papaya in terms of percentage 

ofbird's body weight was not significantly different between these both diet (18.44 

% and 13.0S % of body weight, respectively; P>O.OS). The less efficient 

digestibility of F benjamina may be influenced by the short retention time in the 

Philippine Glossy Starling digestive tract, but it was not measured in this 

experiment. 

Mean body weight between birds consuming F benjamina and birds consuming 

C. papaya is not significantly different (P>O.OS). The average body weight of birds 

used for this study is between 44.8g and 46.22g. But through the study, Philippine 

Glossy Starling reduce much more of its body mass by consuming F benjamina 

diet compared with birds eating C. papaya ( -S.73g/day and -0.71g/day, 

respectively; P<O.OI). 
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5.2 

Table 1: Mean amount of F. benjamina and C. papaya dry matter intake (DMI), dry 
matter intake (% of body weight) dry matter digestibility (DMD), 
digestible dry matter intake (DDMI), imean body weight and weight loss 
by Philippine Glossy Starling. 

Ficus Papaya Significant 
Differences 

DMI (gld) 7.04 ± 2.92 9.47±1.18 p< 0.01 

DMI (% of body weight) 13.05 ± 5.98 18.44 ± 2.05 p> 0.05 

DMD(%) 68.00 ± 18.65 96.36 ± 1.69 p< 0.01 

DDMI(gld) 4.82 ± 2.25 9.12±1.12 p< 0.01 

Mean body wt (g) 44.80 ± 4.15 46.27 ± 2.10 p> 0.05 

Weight Loss (gld) -5.73 ± 1.72 -0.73 ± 0.14 p< 0.01 

Chemical composition 

Table 2 shows that the percentage of water in papaya is higher than in ficus. The 

ficus consist of 75.23 % water and 24.77 % of dry matter; and papaya consists of 

90.42 % water and 9.58 % of dry matter. This approximately similar with the data 

by Leighton (1973) which state that ficus contain 76 % water. The papaya contains 

JO.40 % ash content and 0.30 % phosphate. Meanwhile ticus relatively have 9.60 % 

ash content and 0.52 % phosphate. From the Anjos (2005) and Tamang et af. (2007) 

data, the F. benjamina is rich in fiber but poor in crude protein content than 

papaya. 
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able 2: Chemical composition of F benjamina and C. papaya 

Dry Ash Phosphate Crude Fibre 
Matter (%DM) Protein Content 

(%DM) (%DM) 
icus Tamang et 8.7 18.7 37 

al.,2007 
Current study 22.77 9.60 0.52 

Papaya 	 Anjos,2005 9.4 35.1 11.7 
Current study 9.58 10.40 0.30 

5.3 Regression of body weight change on dry matter intake 

The relationship between weight changes of Philippine Glossy Starling and dry 

matter intakes of F. benjamina is presented in Figure 1. Based on chart, can assume 

that Philippine Glossy Starling needs to consume 63g of dry matter or 254g of fresh 

F. benjamina per day in order maintain their body weight. On zero consumption of 

F. benjamina, they loss 6.5g per day and it is approximately 13% of the Philippine 

Glossy Starling body weight. 
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