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of nectar from the flowers. Therefore, this study aimed to find other carbohydrate
sources such as brown sugar as substitute nectar for 7. haematodus. Twelve wild
T. haematodus in four cages offered five types different brown sugar solution with
different concentrations. Since brown sugar has low protein content, therefore the
birds also offered commercial baby biscuit to meet the protein requirement. The
results showed that the birds like to consume all types of brown sugar solution with
sugar concentration up to 40% . However, the siwalan brown sugar solution was
the most favored by the bird. over the other type of brown sugar solutions (aren,
coconut, sugar cane and regular commercial “palm” brown sugar). Furthermore,
the result showed that the birds prefer commercial baby biscuit was soaked in the
brown sugar solution with concentration 20%. This study provides the information
that the brown sugar solution based diet has potency as an alternative carbohydrate
source to substitute nectar for 7. haematodus in captivity which is more practical
and can increase the survival rate in birds.
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INTRODUCTION

Trichoglossus haematodus is included in the
Psittaculidae family (Order: Psittaciformes). Co-
conut lorikeet has been designated as the official
common name for this species by the Internatio-
nal Ornithologists Union (Gill and Wright, 2006).
This bird is a medium sized bird, with weighing
of 130-134 g (Cabana and Lee, 2019). However,
Lorikeet was endangered due to habitat destruc-
tion and heavily traded. According to the ITUCN
Red list status, this species has been evaluated in
2018 as of least concern (BirdLife International,
2018) and also included in the list of CITES Ap-
pendix IT (CITES, 2017). T. haematodus has been
included as a Protected Bird in Indonesia since
December 2018. According to Astuti and Prijo-
no (2017) genetic diversity information could be
potential relevance the breeding management for
conservation of the birds. Conservation breeding
involves the captive propagation of endangered
species to help maintain genetic diversity (Con-
de et al, 2011). Current feeding practices may be
limiting factor for health and breeding successes
of rarer species sought after in the pet bird tra-
de, therefore possibly hindering conservation
efforts (Cabana and Lee, 2019). In the wild, the
Lorikeet primarily feed on nectar as a source of
carbohydrate and pollen as a source of protein.
Nectarivorous birds such as 7. haematodus have a
brush1like tongue to ingest nectar and to harvest
pollen efficiently (Napier et al., 2008). Nectar as
a food source provides high energy due to its
high sugar content with an average of 23% as
feed (Kalmar et al., 2009). Amino acids are the
next essential compound in nectar, but are no-
netheless found in minute amounts, and nectar
itself is not thought as a protein source (Le-
seigneur et al., 2007). In captivity, the Lorikeets
also need to consume a nectar-based food as a
source of carbohydrate, but the nectar diet is not
practical. It is not easy to obtain real nectar and
it can spoil quickly so that is must be replaced of-
ten. Therefore, their diet in captivity must mimic
a nectar-based diet without having to be replaced
often. Commercial nectar foods are available as
principal nutrition for most Lorikeet species,
but this commercial foods are not always avai-
lable in the market in Indonesia. One source of
carbohydrates that is abundant and easy to find
in Indonesia is brown sugar. Brown sugar that is
called gula merah in Indonesia is a natural swee-
tener with unique flavor and aroma as well as its
nutritional content (Abdullah et al., 2015)

Brown sugar is a processed product of
palm tree sap (nectar) such as aren (Arenga pinna-

ta (Wurmb) Merr.), coconut (Cocos nucifera Linn),
siwalan (Borassus flabellifer Linn.) and sugar cane
(Saccharum officinarum Linn). Fresh sap (Nira),
which is sweet, odorous, clear or translucent,
with neutral pH, is a popular beverage in many
local communities (Gupta and Kushwaha, 2011)
and the Lorikeets also like it. According to resi-
dents in the Lamota area (Timor Island), Timor
Lorikeets like to lick saps tapped on coconut trees
(Duhan, 2017). However, this tapped sap should
be consumed within a day, before it ferments
spontaneously to alcohols and acids (Nguyen et
al., 2016). Therefore it is also not practical as a
food in captivity.

The specific nutritional requirements of 7.
haematodus in captivity for maintenance, growth,
and reproduction are not known and the dieta-
ry information is mostly incomplete. In order to
be able to meet the energy requirements of birds
kept in captivity, it is necessary to know the type
of feed as a carbohydrate source that is easily ob-
tained and preferred by the bird. The aim of the
study was to determine the preferences for brown
sugar solutions a mimic of nectar diet in 7. ha-
ematodus to meet their nutritional requirements
in captivity. Since nectar is the main food for the
birds, therefore the benefit of this study is to give
a new information that the brown sugar solution
can be an alternative carbohydrate source to sub-
stitute nectar for 7. haematodus in captivity. The
brown sugar solution based diet is more practi-
cal, reduce the mortality and will support conser-
vation effort for the birds..

METHODS

Birds care and housing

Twelve wild T. haematodus from Ambon
were lent to us by Mr. Suwita (CV. Pasundan) on
May 2018. The birds used in this study were kept
in 4 cages measuring 90 x 55 x 60 cm. Each cage
contained three birds whose sex had not been as-
certained because this bird is sexually monomor-
phic. The cages used in this study were belonging
to the Zoology Division, Research Center for
Biology, The Indonesian Institute of Sciences
(LIPI), Cibinong, Indonesia.

In the adaptation period in the cage for
three months (May-July 2018), the birds were
introduced to various types of food, such as fruits
(papaya, banana, watermelon, guava, apple in the
form of puree, juices, small cubed or shredded),
seeds (corn on the cob, sunflower seeds, red mil-
let seeds, white millet seeds), bird pellets, honey,
baby biscuits soaked in the brown sugar solution
and vegetables (lettuce, Chinese cabbage, long
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beans, cauliflower and broccoli).

Preference test on brown sugar solution

The study on preferences for different type
of brown sugar solutions was carried out in Au-
gust 2018. In this study, the brown sugar solutions
provided were fresh and were administered along
with supplemented diet. The supplemented diet
was a choice of pellet, seeds (sunflower seed, red
millet seed and white millet seed) and vegetab-
les (cauliflower, broccoli, chinese cabbage, long
bean) to fulfill their nutritional requirements.
Water for drinking was provided ad libitum. The
bird enjoyed bathing, therefore the water in swal-
lowing bowl was also provided in each cage for
bathing. This study was conducted in three expe-
riments.. Each experiment was run for 12 hours
(from 06:00 to 18:00). For each bird, overall daily
consumption of each brown sugar solution was
determined. These were quantified by subtracting
the amount of the brown sugar solution left over
the amount given. Evaporative water loss was
also taken into account.

Experiment 1

The birds were given four different types
of brown sugar solution i.e. coconut, aren, siwa-
lan and sugar cane brown sugar with concent-
ration of 25% (Figure 1A.). These brown sugar
solutions were placed in a cup (diameter of 5 cm,
height of 4 cm) at two height levels. Four cups
containing 50 ml of each type of brown sugar so-
lution were placed at a height of 30 cm from the
cage floor (Cups A) and 4 more cups were placed
at a height of 45 cm from the cage floor (Cups B).

Experiment 2

The birds were given one type of sugar
solution which was most favored in the first ex-
periment with different concentrations of brown
sugar (20%, 25% and 30%) without commercial
baby biscuit and with the addition of 3 g baby
biscuits (Figure 1B.). The addition of commercial
baby biscuits was intended to increase the level
of protein in the brown sugar solution-based diet.
Fifty ml of the brown sugar solution from each
concentration was placed in a cup (diameter of
5 cm, height of 4 cm) at the same height (40 cm
from the cage floor).

Experiment 3

In this experiment, the birds were given the
most preferred brown sugar solution in the first
experiment compared with “palm” brown sugar
solution (unspecified palm tree, regular commer-
cial brown sugar) (Figure 1C.) in different con-

centrations of 20%, 30 % and 40%.

Figure 1. A. Four types of Brown sugar solu-
tion in Cups (left to the right: aren brown sugar,
coconut brown sugar, sugar cane brown sugar
and siwalan brown sugar); B. Brown sugar solu-
tion was added with commercial baby food; C.
“Palm” Brown Sugar Solution (Regular commer-
cial brown sugar/ unspecified palm tree).

Analysis

Data obtained were analyzed using two-
way Analysis of Variance (ANOVA) and Duncan
post hoc test by using a statistical analysis pro-
gram of SPSS. Sugar analysis was conducted at
the Indonesian Center for Agro Industry (BBIA),
Agro Based Industry Calibration and Analytical
Laboratories (ABICAL), Ministry of Industry in
Bogor using HPLC (High-Performance Liquid
Chromatography). While the proximate analysis
of brown sugar was carried out in the Center for
Biology-LIPI.

RESULTS AND DISCUSSION

Preferences on Type of Brown Sugar Solutions

Temperature and humidity during the
experiments varied from 20.3°C to 31.9°C and
RH= 49.3- 90.7%. The results of the first expe-
riment can be seen in Table 1. There is no sig-
nificant difference in the consumption of the
brown sugar solution based on the high level of
cups. The position of the cups did not play an im-
portant role in the consumption of brown sugar
solution. In Figure 2, it is showed that the bird
consume the brown sugar solution in cup A (30
cm from the cage floor) and also in a cup B (45
cm from the cage floor).

Related to the type of brown sugar solu-
tions, the result showed that the birds preferred
the siwalan brown sugar solution (A= 16.13 *
0.78 ml; B=10.31 + 3.45 ml) over the brown su-
gar from sugar cane (A= 6.78 £ 3.66 ml; B= 6.78
+ 1.53 ml), coconut (A =3.57 £ 1.87 mland B =
4.71 £ 0.91 ml) and aren (A= 2.07 £ 0.58 ml; B=
3.59 + 0.99 ml). Sugar is an important organic
compound as a calorie source food. Sucrose, glu-
cose, and fructose are the three sugars that com-
monly found in floral nectar (Lotz and Schon-
dube, 2006). Nectar-feeding birds tend to prefer

188



Siti Nuramaliati Prijono et al. / Biosaintifika 11 (2) (2019) 186-193

Table 1. Consumption of 4 types of brown sugar solution (ml) in 7. haematodus

Height Consumption of Brown Sugar Solution (ml)

levels of Coconut Brown  Aren Brown Sugar  Siwalan Brown Sugar Cane Brown
Cups Sugar Solution 25% Solution 25% Sugar Solution 25%  Sugar Solution 25%
30 cm 357+187°% 2.0740.58? 16.1340.78 € 6.78+3.66 °
45 cm 471+ 0.91° 3.59+0.99°? 10.31+3.45° 6.784+1.53°

ab¢Values within a row with different superscript indicate significantly different result (P <0.05) based
on Duncan Test

Figure 2. T. haematodus consume the brown sugar solution

Table 2. Carbohydrate Composition of five types of brown sugars *

Carbohydrates Coconut Aren Brown Siwalan Sugar Cane “Palm”*
In Brown Sugars (%) Brown Sugar Sugar Brown Sugar Brown Sugar Brown Sugar
Sucrose 91.40 68.10 89.50 82.80 78.30
Fructose 0.86 4.24 0.26 3.73 2.58
Glucose 1.01 3.27 1.58 5.35 4.11
Maltose <0.85 <0.85 <0.85 <0.85 <0.85

Note: Carbohydrate composition of this study was analyzed at the Indonesian Center for Agro In-
dustry (BBIA), Agro Based Industry Calibration and Analytical Laboratories (ABICAL), Ministry of
Industry in Bogor; * Regular commercial brown sugar/ unspecified palm tree

sucrose over glucose-fructose mixtures (Schondu-
be and Martinez Del Rio, 2003).

A majority of nectar feeders can di-
gest and metabolize sucrose, glucose and fruc-
tose, which are digested at high efficiencies
of nearly 100% apparent digestibility (Lotz
and Schondube, 2006). According to Fleming
et al. (2004), sucrose solutions that are equiva-
lent in sugar mass to a hexose sugar solution have
approximately 5% more available energy. In this
study found that the sucrose content of siwalan
brown sugar is lower than coconut brown sugar,
but higher than the other types of brown sugar.
However, the hexose (fructose and glucose) con-
tent of siwalan brown sugar is higher than coco-
nut brown sugar but lower than the other types
of brown sugars (Table 2). Matson et al. (2001)
stated that there is no significant preferences were
found when two monosaccharides (glucose and
fructose) and one disaccharide (sucrose) were te-
sted independently.

Siwalan brown sugar has the lowest protein
and gross energy content. The fat content of si-
walan brown sugar is lower than coconut brown
sugar but higher than the other types of brown
sugars (Table 3).

According to Kalmar et al. (2009), Lori-
keets will adjust their “nectar” intake based
on the energy density of the nectar by having
a higher intake with low energy/highly di-
luted “nectars” to reach energy maintenance.
Renner et al. (2012) reported that food types with
fat-rich content are preferred by birds, but in this
experiment, it is showed that the birds prefer si-
walan brown sugar over than coconut brown su-
gar which has higher fat content. Siwalan brown
sugar is favored by the birds possibly because of
the flavor of this sugar. Birds have individual
preferences for foods based on the taste, habits,
food placement, texture, size, shape and colour
(McKenzie and Whittingham, 2010). Taste may
also play a role in sugar type preferences (Hollo-
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Table 3. Nutrient Composition of brown sugar (% Dry Matter )*

Nutrient Coconut Aren Siwalan Sugar Cane “Palm”*
Componen Brown Sugar Brown Sugar Brown Sugar Brown Sugar Brown Sugar
Moisture 9.36 11.90 4.65 9.99 8.49

Fat 0.36 0.06 0.10 0.04 0.04
Protein 0.81 1.86 0.72 0.88 1.05
Ash 2.53 1.94 0.06 1.96 1.09
Gross Energy 4179 4161 4039 4276 4304

Note: Nutrient composition of brown sugars in this study was analyzed in the Center for Biology-
LIPI; * Regular commercial brown sugar/unspecified palm tree

Table 4. Consumption of Siwalan brown sugar solution with 3 different sugar concentrations without
and the addition of commercial baby biscuits in 7. haematodus

Consumption of Siwalan Brown Sugar Solution (ml)

Treatment 20% sugar 25% sugar 30% sugar
concentration concentration concentration

Without baby biscuit 7.87+3.40°% 8.24+3.79 11.32+2.82°

With added baby biscuit 6.45+2.102 6.27+1.94 2 5.284+0.94 2

ab¢ Values within a row with different superscript indicate significantly different (P <0.05) based on

Duncan Test

wood et al., 2002). While Matson and Koutsos
(2006) stated that tastes and specific appetites
may sometimes drive the feed consumption.

Favored brown sugar solution with or wit-
hout the addition of protein food.

In the second experiment, the birds were
offered siwalan brown sugar solution (as the most
favored in the first experiment) in different con-
centrations of sugar (20%, 25% and 30%) with
and without the addition of commercial baby
biscuit According to Nicolson and Thornburg
(2007), nectar in the wild besides being a source
of carbohydrates, also contains essential amino
acids even though the protein content is low. The
nutrient rich sap has an abundant source of mi-
nerals, 17 amino acids, vit-C, B vitamins and has
nearly natural PH (Misra, 2006). Brown sugar
solutions that were offered to the birds not only
have low protein content similar to nectar, with
the range between 0.72-1.86 % (Table 3), but also
rich in nutrient (amino acids, vitamin and mine-
ral) as present in the sap from which it is derived.
It is considered healthier and more nutritious
than other natural and artificial sugar substitu-
tes due to its vitamins, minerals and amino acids
(Florido and de Mesa, 2003). Birds require 12 es-
sential amino acids: phenylalanine, valine, tryp-
tophan, methionine, arginine, threonine, histi-
dine, isoleucine, lysine, leucine, glycine, and
proline (Matson and Koutsos, 2006). If there is
an imbalance of amino acids, it will cause anore-
xia or lack of appetite so that feed consumption
will be low (Koutsos et al., 2001).

From the first experiment, the result sho-
wed that the birds favor siwalan brown sugar.
In fact, the siwalan brown sugar has the lowest
protein content compared to the other brown su-
gars. According to Tsahar et al. (2006), protein
requirement for nectarivorous birds much lower
than omnivore species, however appropriate pro-
tein supply is often became problematic for
this birds. To meet the protein requirement for
the birds, therefore the brown sugar solution as
the primary diet should be added with the other
food as a protein source. The commercial baby
biscuit was choosen as an alternative for protein
food since this biscuit has a sweet taste and the
birds like it. The commercial baby biscuits con-
tain 9% protein and also rich in vitamin and mi-
nerals. The results of the second experiment are
shown in Table 4.

The results showed that if the Siwalan
brown sugar solution was added with baby bis-
cuits, then the birds preferred siwalan brown sugar
with 20% sugar concentration (6.45 + 2.10 ml)
over 25% (6.27 £ 1.94 ml) and 30% sugar con-
centration (5.28 *+ 0.94 ml), although it is not sig-
nificantly different. Due to the commercial baby
biscuits also contain 32% sugar as a carbohydrate
source, the siwalan brown sugar solution with su-
gar concentration higher than 20% that is added
with commercial baby biscuits will increase the
level of available energy in the diets resulted in
the birds that reduce the amount of food intake.

Preferred sugar concentration on favored
brown sugar solution
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In order to be more convincing that the Lo-
rikeet preferred the siwalan brown sugar solution,
the third experiment was carried out. In the third
experiment, the birds were given siwalan brown
sugar and “palm” brown sugar (regular commer-
cial brown sugar, unspecified palm tree) with
different sugar concentrations of 20%, 30% and
40%. The results of the third experiment can be
seen in Table 5. The results showed that the Lo-
rikeet consumes more siwalan brown sugar solu-
tion over palm brown sugar solution because the
siwalan brown sugar has lower sucrose and gross
energy content.

According to Kalmar et al. (2009) Lori-
keets will adjust their “nectar” intake based
on the energy density of the nectar, having
a higher intake with low energy or highly di-
luted “nectars” to reach energy maintenan-
ce. In both type of brown sugar solution, the
birds preferred sugar concentration of 40% (si-
walan=9.23 * 2.17 ml; “palm” sugar= 7.6 = 3.01
ml) over sugar concentration of 30% (siwalan=6.4
+ 1.16 ml; “palm” sugar= 5.89 = 1.97 ml) and
sugar concentration of 20% (siwalan=6.35 + 1.08
ml; “palm” sugar= 3, 25 + 0.90 ml). From the
third experiment, it is showed that the Lorikeets
prefer the siwalan brown sugar solution with a su-
gar concentration of 40% to achieve their energy
requirement. This suggests that energy require-
ments influence food preferences and that bird
will select brown sugar solution that is higher in
energy. This also shows that birds increase their
food intake initially to achieve their energy requi-
rements. (Wilson and Downs, 2011). 7. haemato-

dus are very active birds, so they require a large
amounts of a higher level of energy. According
to Matson and Koutsos (2006), a bird’s energy
requirement will change along with activity level,
higher activity levels will increase energy needs.

The result of this study showed that the
bird consumed 76.41% of its diet in the form of
the brown sugar solution, while the supplemented
diet (seed, vegetables and pellets) were consumed
by the birds only 23.59% (seed, vegetables and
pellets was 7.37%, 15.55%, 0.67% of its diet res-
pectively) (Table 6). According to Cannon (1982)
in Fleming et al. (2008), 7. haematodus 1is a spe-
cialist nectar bird (nectarivorous), therefore 87%
(seasonally ranging from 68% to 100%) its diet
consist of nectar and pollen with the remainder
made up of fruits (particularly seeds) and leaf.
The supplemented diet feed provided for the birds
were determined in total during this study, since
the supplemented diet were only to make sure
the bird was getting proper nutrition. According
to Bosque and Pacheco (2000), domestic vege-
tables are higher in energy and water, but lower
in other essential nutrients compared with their
relatives in the wild.

It seems that the nutritional requirement
for T. haematodus could be fulfilled by the brown
sugar solution as the bird’s primary diet. Accord-
ing to Florido and de Mesa (2003), the brown
sugar is considered healthier and more nutritious
than other natural and artificial sugar substitutes
due to its vitamins, minerals and amino acids.
Therefore, if seed is made available in captivity, it
should be minor to a diet since seed mixes (edible

Table 5. Consumption of Siwalan brown sugar and “Palm” brown sugar solution with 3 different

sugar concentrations in 7. haematodus

Consumption of Brown Sugar Solution (ml)

Treatment 20% sugar 30% sugar 40% sugar
concentration concentration concentration

Siwalan Brown Sugar Solution 6.35+1.08° 6.40+1.16° 9.2342.174

“Palm” Brown Sugar Solution* 3.25+0.90? 5.894+ 1.97° 7.61+3.01°¢

ab¢ Values within a row with different superscript indicate significantly different (P <0.05) based on
Duncan Test; * Regular commercial brown sugar/ unspecified palm tree

Table 6. Total consumption of brown sugar solution and additional feed

Type of Feed Total Consumption (g/bird/day) Percentage of Consumption
Brown sugar solution 138.09 76.41
Supplemented diet 42.63 23.59

- Seed 13.32

Vegetables 28.10

(including corn on the cob)

- Pellet 1.21 0.67
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part) are not a balanced diet because they lack vi-
tamin A, D, K, E and calcium, and they are too
rich in fat (Harrison et al., 2006).

During the adaptation period before the
experiments were carried out, the bird’s feathers
look dull and rough in appearance. After the birds
were fed on a brown sugar solutionbased diets
and this study was finished, the birds look healt-
hier and have shiny, brightly colored and smooth
plumage. It seems that consuming brown sugar
solution can strengthen the body defense factors
so that they are not susceptible to disease. Accor-
ding to Aeimsard et al. (2015), palm sugars are
shown to have phenolic content which can act as
an antioxidant. Antioxidants help to counter the
detrimental effects of oxygen-free radicals (Harri-
son et al., 2006). Antioxidants could be advisable
for weaker birds (Larcombe et al, 2010). Aryanti
et al. (2013) reported that the addition of brown
sugar in drinking water to chicks will improve
their growth and will be able to increase stamina
and supply easily absorbed energy sources. Ac-
cording to Tanuwijaya et al. (2017), consumption
of the brown sugar solution can improve physical
fitness higher than consumption of ordinary drin-
king water.

The birds feed throughout the day and
70% of their time is spent feeding in order to
satisfy their daily requirements (Klarich, 2012).
Feeding the birds such as 7. haematodus is one of
the most challenging aspects of their care, prima-
rily because of dietary information for 7. haema-
todus is mostly incomplete. An imbalanced diet is
a common problem with birds in captivity which
can cause illness that lead to an individual’s dea-
th or failure to reproduce. This study provides the
information regarding the potency of local food
sources such as the brown sugar solution as an al-
ternative carbohydrate source to substitute nectar
diet for T. haematodus in captivity. Therefore, it
will contribute to the awareness of proper nutriti-
on for health of the birds in captivity and conser-
vation efforts.

CONCLUSION

T. haematodus were fed brown sugar soluti-
on based diets looks healthy. The birds have shiny,
brightly colored and smooth plumage (feathers).
The bird consumed 76.41% of its diet in the form
of the brown sugar solution, while the supple-
mented diet (seed, vegetables and pellets) were
consumed by the birds only 23.59% Therefore
the brown sugar solutionbased diet has potential
to be used as an alternative carbohydrate source
to substitute nectar based diets for 7. haematodus

in captivity. The brown sugar solution based diet
should be added other food as a protein source
such as commercial baby biscuit to substitute pol-
len and insect to meet the protein requirement.
Future studies should be found other potential
food as a protein source which prefer by the birds
to get proper nutrition to increase captive propa-
gation success.
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