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Abstract 

he study was carried out to determine 

proximate and mineral composition of 

some selected plants highly visited 

(Hamelia patens, Callistemon citrinus) and rarely 

visited (Senna siamea and saba comorensis) by 

sunbird species found in Federal College of 

Forestry, Jos.  The nectar of each of the flowers 

was collected very early in the morning with 

the use of capillary tube.  Proximate analysis 

was carried out to determine the moisture 

content, crude fiber, crude protein, ash, 

carbohydrate, crude fat and sugar. The result 

revealed crude fat is higher in Hamelia patens 

with 10%. Hamelia patens is richer in calcium 

with 87209 ppm whereas Callistemon citrinus 

has high content of sodium with 4166.77 ppm. 

Furthemore, Senna siamea is richer in 

Manganese with 

22.353 ppm and Saba 

comorensis has the 

highest content of 

magnesium with 

613.54 ppm. Hamelia 

patens and 

Callistemon citrinus is 

red in colour, Senna 

siamea and Saba 

comorensis has bright 

yellow and white 

colour respectively. It 

can be deduced that 

the various 

characteristics of 

choice of plants 

attracted by sunbirds 

is colour, nutrient 
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and mineral content as was discovered to be 

higher in plants mostly visited. Hence, it is 

recommended that in order to ensure the 

existence of sunbird species which are 

important pollinators and keystone species, 

the conservation of 

these highly visited 

plant species should 

be encouraged. 

 

INTRODUCTION  

ectarivory in birds is a widespread phenomenon, especially in 

the tropical and subtropical areas with long flowering seasons. 

It has been estimated that around 10% of all bird species may use 

nectar as a resource (Wolf and Gill, 1986). The most famous nectar 

feeders in the New World are humming-birds, representing the most 

specialized bird pollinators (Schuchmann, 1999). In the Old World the 

most specialized nectarivorous birds are sugarbirds, flower peckers, 

sunbirds and spider hunters (Cheke et al., 2001). 

Nectar, sweet viscous secretion from the nectaries, or glands, 

in plant blossoms, stems, and leaves. Nectar is mainly a watery solution 

of the sugars fructose, glucose, and sucrose but also contains traces of 

proteins, salts, acids, and essential oils. Floral nectar is the most 

important reward offered to pollinators (Simpson and Neff, 1983). The 

major sugars in nectar are the disaccharide sucrose and the hexose 

monosaccharides glucose and fructose (Baker and Baker, 1983). Floral 

nectar characteristics such as sugar composition, sucrose–hexose 

proportions, concentration, volume, time of nectar secretion and nectar 

dynamics are often related to the interaction of flowers and pollinators 

(Pacini et al., 2003).  

Sunbirds are recognized as a very active pollination of plants with bird-

pollinated flowers (Wolf et al., 1975) interestingly, flower pollinated by 

birds (usually described as ornithophilous flowers) are usually easily 

distinguished by a set of characteristics. These bird-pollinated flowers 

are mostly brightly coloured with the primary colour being red; making 

them attractive to birds and having a positive impact on the number 

visitation toward these plants (Laubann and Puff, 2002). Since bird are 

large, warm-blooded and require more energy compared to insect; 

therefore, plant with bird-pollinated flowers are often large and tend to 

N 

https://www.britannica.com/science/secretion
https://www.britannica.com/science/nectary
https://www.britannica.com/plant/plant
https://www.britannica.com/science/sugar-chemical-compound
https://www.britannica.com/science/fructose
https://www.britannica.com/science/glucose
https://www.britannica.com/science/sucrose
https://www.britannica.com/topic/essential-oil
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produce more nectar and often produce large flowers to accommodate 

their avian visitors. 

The objective of this research is to determine the nutritional and mineral 

composition of the flowers mostly visited by sunbirds species (Hamelia 

patens and Callistemon citrinus) and flowers rarely visited by sunbirds 

(Senna siamea and Saba comorensis). All continents expect Europe and 

Antarctica have sunbird species that rely almost exclusively on nectar as 

a source of food. These birds, which include African sunbird species and 

American hummingbird, obtained all the energy they need from the 

sugar contained in nectar. Nectar is a strange diet, since it consists mainly 

of water, the rest being dissolved sugar. The sugar in nectar provides a 

very pure source of energy on which these birds thrive, but most of the 

water becomes a waste product. This study will further provide 

knowledge about the proximate and mineral contents of the nectar from 

flowers of plants highly utilized/ not utilized by sunbirds species in the 

study area. 

 

MATERIALS AND METHODS 

Study Area 

The study was conducted in the Federal College of Forestry Jos located 

on latitude 90 57’N and longitude 8054’E on altitude of about 1180 above 

sea level with mean annual rainfall of about 1250mm and mean 

temperature of 24oC (University of Jos, meteorological station 2010). 

 

Method of Data Collection    

 Previous study was conducted on plants utilized by sunbird species 

found in the same study site by Kambai et al., 2021 (Table 1). From the 

frequency of visit of sunbirds from the plant list, two plants that were 

frequently visited (Hamelia patens and Callistemon citrinus) and two 

plants that were rarely visited (Senna seamea and Saba camorensis) by 

the sunbirds species that have same flowering periods were selected for 

this research.  The nectar of each of these flower plants were collected 

very early in the morning with the use of capillary tube. Nectar was 

collected from flowers of the four study plant species. Samples were 

collected for 12 weeks and kept in a desiccator before analysis.  
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Method of Proximate and Mineral Analysis of Nectar Composition of 

Plant Species 

The recommended method by the Association of Official Analytical 

Chemists (AOAC, 2005) was adopted for the determination of the 

proximate composition such as moisture. Ash, crude fibre, crude fat and 

crude protein calculated as Nitrogen (N x 6.25) by the Kjeidahl method. 

The mineral contents of nectar including Calcium, Sodium, Iron, Zinc, 

Manganese, Copper, Zinc, Magnesium and potassium, were 

quantitatively determined using an atomic absorption 

spectrophotometer (AAS- Model AA-700 Shemadzu Japan, ROM version 

101), after digestion by the wet ashing method (Escuredo et al., 2011).  

 

Crude Fibre  

10ml of the sample was placed in 1000ml conical flask, then 500ml of 

boiled CH3 COOH was added and tittered. About 200ml of 1.25% of NaoH 

was added and filtered. The residence was savaged into crucible, 

drained, dried in the oven and cooled in desiccator and then weighed 

(W2). Sample was placed in a muffle funnel at about 3000C for 30 

minutes. After then the sample was removed and allowed to cool and 

weighed (W3). 

Formula that was used to calculate crude fibre = W2-W3 X 100 
                         1             1     

Total Ash 
Crucible was placed in muffle furnace for about 15mins at 3500C. The 
crucible was removed and cooled in desiccator for one hour and the 
weight taken (W1). 
5ml was added in the crucible and the weight taken (W2). The sample was 
place in the muffle furnace and slowly the temperature was increased 
from 2000C to 450oC (this is to avoid in complete ashing). Finally, the 
crucible was removed after 12-15 hours and allowed to cool at room 
temperature in a desiccator and then the weight was taken (W3). 
 To calculate the % Ash = W2 –W3          X  100 
       W2 - W1            1 
 
Moisture Content  
The moisture level of a sample was determined by heating the sample at 
1100C to drive off the water and weighed to determine the loss of 
moisture. Aluminum moisture pan was heated in an oven to drive any 
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moisture that may adhere to the surface and placed in a desiccator to 
cool and the weight was taken (W1). 5ml was added to the pan and 
weighed (W2), the pan was transferred to thermosetting oven at about 
1050C for 24hours. The pan was transferred from the thermosetting oven 
to the desiccator to cool for about one hour and weighed (W3).  
Moisture content was calculated in each sample using = W2 –W3   X 100  

        W2 - W1          1     
 
Crude Fat  
Fat was determined using soxhlet extractor. The thimble was weighed 
and recorded (W1), Approximately 10ml was loaded in the thimble and 
weigh (W2). 500ml round bottom flask was weighed (W3). Soxhlet 
extractor was fixed with reflux condenser. The solvent was allowed to 
boil gently, sample was left to siphon for several hours (5-6 hours), then 
the flask that contained the residue was dried in an oven at 1000c for 
5min and cooled in a desiccator (W4), finally the thimble was placed in 
the beaker and then in an oven at 500C for the sample to dry and then 
cool.      
Percentage fat was determined using the formula = W4 –W3   X 100  

W2 - W1          1     
 
Statistical Analysis 
Data was analyzed using Analysis of variance (ANOVA) and chi-square 
test to determine the level of variation in the proximate and mineral 
composition of the studied plant species. 
The results of Table 1 were conducted by Kambai et al. (2021), who 
discovered that some plants were highly visited by the sunbird species in 
the study area, and these are; Callistemon citrinus and Hamelia patens 
(frequency was 104 and 148 respectively) while the plants not visited 
included Senna seamea and Saba camorensis (1 and 20 respectively) 
amongst others. 
 

Table 1: Plant Species visited/frequency of visit by Sunbird species in the 

Study Location 
S/

N 

Plants 

Species 

 

 

Common Names 

Copper 

sunbir

d 

Green 

Headed 

sunbir

d 

Scarlet

-

chested 

sunbird 

Variabl

e 

sunbird 

 

Total 

1 Albizia 

lebbeck 

Siris Tree, Woman's Tongue 2 0 8 1 11 
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2 Anacardium 

occidentale 

Cashew, Caju 4 0 3 11 18 

3 Bauhinia 

purpurea 

Purple Orchid Tree, Butterfly 

Tree 

0 3 10 5 18 

4 Caesalpinia 

pulcherrima 

Peacock Flower, Pride of 

Barbados 

0 1 1 31 33 

5 Callistemon 

citrinus 

Scarlet/red Bottlebrush  2 1 81 20 104 

6 Canna indica English Indian Shot, Wild 

Canna Lily 

0 6 4 0 10 

7 Corymbia 

terolliana 

Cadaga, Blood-Leaf Gum 

 

4 36 130 5 175 

8 Delonix regia Flamboyant, Royal Poinciana 0 0 6 0 6 

9 Erythrophleu

m suaveolens 

English Ordeal, Red Water or 

Sasswood Tree 

0 1 0 0 1 

10 Eucalyptus 

camaldulensis 

Red River Gum 

 

1 18 21 3 43 

11 Ficus 

benjamina 

Weeping Fig, Benjamin Fig, 

Ficus  

0 0 3 1 4 

12 Caryota urens Fishtail Palm 0 0 0 1 1 

13 Gmelina 

arborea 

Gumhar 
 

 

0 0 8 5 13 

14 Hamelia 

patens 

Firebush, Redhead, 

Hummingbird or Scarlet 

Bush 

18 2 16 112 148 

15 Jacaranda 

mimosifolia 

Blue Jacaranda, Fern Tree 0 2 15 10 27 

16 Jatropha 

curcas 

Purging or Barbados Nut  0 0 1 5 6 

17 Canna indica Indian Shot, African 

Arrowroot 

0 1 1 0 2 

18 Khaya 

grandifolia 

Benin Wood, Broad-Leaved or 

Benin Mahogany  

0 0 0 2 2 

19 Khaya 

ivorensis 

Lagos Wood, Red or Lagos 

Mahogany 

0 1 9 1 11 

20 Khaya 

senegalensis 

Senegal or Dry Zone 

Mahogany 

0 1 11 6 18 

21 Lantana 

camara 

Lantana Weed, Wild Sage 0 0 3 3 6 

22 Leucaena 

leucocephala 

Leucaena, Lead Tree, White 

Tamarind  

1 1 9 16 27 

23 Zea mays Maize 0 10 19 8 37 

24 Mangifera 

indica 

Mango 0 0 4 0 4 

25 Maranthes 

polyandra 

Maranthes 0 0 11 32 43 
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26 Moringa 

oleifera 

Drumstick, Miracle, 

Horseradish or Benzolive 

Tree. 

0 0 2 0 2 

27 Parkia 

biglobosa 

African Locust Bean 1 13 80 4 98 

28 Pavetta spp. Bride's Bush, Christmas Bush 0 0 0 3 3 

29 Pinus caribea Black Pine 0 0 0 7 7 

30 Polyalthia 

longifolia 

Cemetery/mast Tree, Indian 

Fir 

0 0 3 3 6 

31 Saba 

comorensis 

Rubber Vine 0 0 7 13 20 

32 Senna siamea Cassod Tree, 

Siamese/yellow Cassia, Iron 

Wood 

0 0 1 0 1 

33 Spathodea 

campanulata 

African Tulip Tree 1 90 34 4 129 

34 Stenolobium 

stans 

Yellow Elder, Yellow-Trumpet 

Flower 

0 1 11 32 44 

35 Tectona 

grandis 

Teak 0 0 3 0 3 

36 Terminalia 

mentaly 

Madagascar Almond 0 0 21 11 32 

37 Terminalia 

catappa 

Country/Indian/Sea/Tropic

al Almond 

0 0 0 1 1 

38 Terminalia 

superba 

Afara, White Afara 0 0 5 1 6 

39 Thevetia 

peruviana 

Yellow Oleander, Lucky Nut 0 29 33 15 77 

40 Thuja plicata Western Red Cedar 0 0 0 5 5 

41 Vitellaria 

paradoxa 

Shea or Sheabutter Tree. 0 0 0 2 2 

42 Vitex doniana Black Plum 0 0 16 5 21 

43 Ziziphus 

mucronata 

Buffalo Thorn; Cape Thorn 1 3 9 10 23 

 Total  35 220 599 394 1248 

(Source: Kambai et al., 2021). 

 

Proximate 

analysis 

Hamelia 

patens  

Callistemon 

citrinus 

Senna 

siamea 

Saba 

comorensis 

Total Ash 0.00070 0.00070 0.00061 0.00072 

Moisture content  0.30 0.31 0.31 0.29 

Crude fat (%) 10.00 9.10 6.90 7.00 

Crude protein 

(min/100 ml) 

5.20 5.10 6.50 6.30 
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Crude fibre (%) 1.90 2.00 2.90 3.10 

Carbohydrate 

(mol/l)  

1.59 1.50 0.91 1.70 

Sugar (%)  1.00 0.75 0.26 0.25 

 

RESULT  

Table 2 below shows that Hamelia patens had highest sugar, crude fat 

and crude protein content (1.00%, 10% and 5.2min/100ml) while Saba 

comorensis has the least (0.25%, 7%, 6.30 min/100ml) respectively. 

Callistemon citrinus had a relatively higher sugar, fat and crude fibre 

(0.75%, 9.10%, 2.00% respectively)  

 

Table 2: Proximate Analysis of the studied plant species 

Table 3 below revealed that the amount of total ash, moisture content, 

crude fat, crude protein, crude fiber, total carbohydrate and sugar had 

no significant difference (p>0.05) between the selected studied plant 

species. 

Table 3: Chi-square result on proximate composition of studied plant 

species 

Parameters   mean ± standard deviation           significant 

Total ash    0.001 ± 0.002    0.963 NS 

Moisture content   0.327 ± 0.071    1.000 NS 

Crude fat   7.251 ±3.265    0.993 NS 

Crude protein   5.963 ± 0.715    0.993 NS 

Crude fiber    2.613 ± 0.442    0.993 NS 

Total carbohydrate  1.418 ± 0.379    1.000 NS  

Sugar        0.451 ± 0.283    0.776 NS 

Where NS = not significant 

 

Table 4 below shows that Hamelia patens and Saba comorensis had the 

highest amount of sodium (12000 ppm), Hamelia patens also had the 

highest amount of Calcium, Iron and Zinc (8.72.09, 67.188, 18.417 ppm 

respectively), potassium was the same (3750 ppm) for nectar samples 

from the four studied plant species. Callistemon citrinus had the least of 

(4166.77ppm). Senna siamea had the highest quantity of Manganese, 

Copper and Zinc in its nectar (22.35, 7.63, 19.00 ppm respectively). 
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Table 4: Result on Mineral Analysis of studied plant species 

Sample name   Na 

(ppm) 

K 

(ppm) 

Ca 

(ppm) 

Mg 

(ppm) 

Mn 

(ppm) 

Cu 

(ppm) 

Fe 

(ppm) 

Zn 

(ppm) 

Hamelia 

patens 

12000 3750 872.09 577.21 11.47 7.31 67.19 18.42 

Callistemon 

citrinus  

4166.77 3750 348.84 114.78 6.76 6.04 39.06 9.42 

Senna siamea   10500 3750 313.95 138.73 22.35 7.63 64.06 19.00 

Saba 

comorensis  

12000 3750 348.84 613.54 11.77 6.67 56.25 13.17 

 

       
Plate 1: Saba comorensis    Plate 2: Hamelia patens  

 

        
Plate 3: Senna siamea    Plate 4: Callistemon citrinus 

(Source: Rabiu Sa’ad Abubakar, 2019) 

 



 

 

 
157 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – PAS  
VOL. 17 NO.9 SEP-2021 ISSN: 1660-5332 

EDITOR-IN-CHIEF 
Prof. E McLenna [Australia] 

DISCUSSION 

At the completion of this research, the analysis revealed that Hamelia 

patens had the highest sugar content (1.00%) followed by Callistemon 

citrinus (0.75%) and the least been Senna siamea and Saba comorensis 

(0.26% and 0.025%) respectively. This result may suggest that Hamelia 

patens and Callistemon citrinus are highly visited by the sunbirds due to 

their high levels of sugar as compared to the Senna siamea and Saba 

comorensis with lower sugar content. The major sugars in nectar are the 

disaccharide sucrose and the hexose monosaccharides, glucose and 

fructose (Baker and Baker, 1983). Floral nectar characteristics such as 

sugar composition, sucrose–hexose proportions, concentration, volume 

etc. influence avian visitors (Pacini et al., 2003).  

Crude fat and protein were higher in Hamelia patens and relatively higher 

in Callistemon citrinus but very low in Senna siamea and least in Saba 

comorensis. Senna siamea and Saba comorensis had the highest content 

of carbohydrate and crude fibre although the variation between four 

plant species was not significant (p =1; p= 0.9) which suggests that birds 

may prefer to visit the highly utilized plants (H. patens and C. citrinus) 

where they can get maximum nutrient availability and satisfaction. 

Carbohydrates are plant products which are synthesized as the by-

products of photosynthetic processes. They are consumed by 

birds as the major source of energy (Raven et al., 1999; Okeke et 

al., 2008). When carbohydrates are consumed in excess of the 

body requirement, the excess is converted to fat and stored in the 

adipose tissue under the skin. Proteins are important in the body 

for the production of hormones, enzymes and blood plasma. They 

are immune boosters and can help in cell division as well as growth 

(Okeke and Elekwa, 2006). Fats are secondary plant products that 

yield more energy per gram than carbohydrates. Dietary fats are 

important not only because of their high energy value but the fat-

soluble vitamins and essential fatty acids contained in the fat of 

natural foods. Fats and oils help to regulate blood pressure and 

play useful role in the synthesis and repair of vital cell parts (Dutta, 

2003).  

Moisture content was relatively the same from the nectar of 

samples (0.29 – 0.31) which is the amount of water a universal 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2803417/#b6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2803417/#b51
https://scialert.net/fulltext/?doi=ijb.2014.37.41#124953_b
https://scialert.net/fulltext/?doi=ijb.2014.37.41#1322523_ja
https://scialert.net/fulltext/?doi=ijb.2014.37.41#1322523_ja
https://scialert.net/fulltext/?doi=ijb.2014.37.41#1322533_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=blood+pressure
https://scialert.net/fulltext/?doi=ijb.2014.37.41#124942_b
https://scialert.net/fulltext/?doi=ijb.2014.37.41#124942_b
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solvent required, which dissolves other substances, carries 

nutrients and other materials throughout the body, making it 

possible for every organ to perform its function effectively 

(McDonald et al., 1998). 

Ash contents was high in nectar from S. comorensis, H. patens  and 

C. citrinus. Ash content of a plant based food is the function of 

the mineral elements present. Dietary ash has proved helpful in 

establishing and maintaining acid-alkaline balance of the blood 

system (Barborka, 1970; Hawkins, 1979).  

Although results of proximate analysis showed slight variation but nectar 

of different plant species for all parameters assessed was insignificant 

(p> 0.05) which suggests that there may be other reasons for choice of 

visitation by these sunbird species.  

Colour and smell could be a possible reason for preference as birds have 

been observed to be attracted to red coloured flowers as compared to 

other colours as observed in Hamelia patens and Callistemon citrinus 

which are brightly coloured with red-orange colours while Senna siamea 

and Saba comorensis have yellow and white flowers respectively.  This 

agrees with findings by Nicolson and Fleming (2003) who discovered 

that many bird-pollinated (ornithophilous) flowers are spectacular 

because of their large size and bright colours, often red or orange, and 

these attracts avian visitors. Flowers differ in their morphology in several 

ways (tube-like structures to narrow tubes, spiral shapes, funnel-like, 

brush-like, amongst others). According to Vogel (1954) and Wilmer 

(2011), colour and floral structure, including nectar production are some 

of the main factors determining the type of bird visitor that patronizes a 

flower. Hence the reasons why red and brightly coloured flowers of 

Haemelia patens and Callistemon citrinus attract bird pollinators like the 

sunbirds.  

The mineral composition analysis revealed that the nectar of Hamelia 

patens had the highest number of elements assessed (Ca, Na, Fe, Zn). 

This result corroborated with the findings of Umar et al. (2007) who 

observed the importance of these minerals obtained from nectar to birds 

and other animals hence the reason for the tradeoff. Other plant species 

also showed presence of these elements in required amounts, except 

Callistemon citrinus which was observed to be lower than the others.  S. 

https://scialert.net/fulltext/?doi=ijb.2014.37.41#124951_b
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=mineral+elements
https://scialert.net/fulltext/?doi=ijb.2014.37.41#124933_b
https://scialert.net/fulltext/?doi=ijb.2014.37.41#124943_b
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siamea was observed to be higher Manganese, Copper and Zinc, and 

Saba comorensis was richer in Sodium and magnesium which explains 

that nectar obtained from plants highly or rarely visited by sunbird 

species is all relatively high. This disagrees with Nwaogu et al., (2006) 

who discovered lower mineral elements in the plants nectar of some 

plants as compared to others which could influence visitation rates.  

The considerable presence of the major elements (K, Ca, Na, Mg) and 

some trace elements (Fe, Zn, Mn) in the nectar samples is an indication 

of their nutritional value and possible supplement in the plants, this 

improves its fitness and as well as that of its visitors.  

Bird pollinated flowers commonly advertise their nectar reward with 

brightly colored, typically red, flowers (Rodriguez Girones and 

Santamaria, 2004). Interestingly, flowers pollinated by birds (usually 

described as Ornithophilous flowers) are usually easily distinguished by 

a set of characteristics. These bird-pollinated flowers are mostly brightly 

coloured with the primary colour being red; making them attractive to 

birds and having a positive impact on the number of visitations towards 

these plants (Laubhann and Puff, 2002). Since birds are large, warm-

blooded and require more energy compared to insects; therefore, plants 

with bird-pollinated flowers are often larger and tend to produce more 

nectar and often produce larger flowers to accommodate their avian 

visitors. This study discovered that birds visit flowers with more rewards 

(chemical/minerals elements) as well as are attracted to bright colours 

(red-orange) as observed in Hamelia patens and Callistemon citrinus. 

 

CONCLUSION 

The research work showed that plants highly utilized had more 

nutrient/mineral elements and are brightly coloured as compared to 

plants rarely utilized by sunbirds.  Hence, the presence of Hamelia patens 

and Callistemon citrinus is very important in the study site so as to 

conserve sunbird species which various ecosystem functions especially 

pollination. The conservation of these highly/rarely visited plant species 

should be encouraged as there was no significant variation in their 

mineral content and perhaps other animal species other than sunbirds 

may visit those plants. 
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RECOMMENDATION 

An indebt study on mineral composition for more plants utilized and 

rarely visited by sunbird species should be conducted to give a wider idea 

on what measure to take to conserve this unique bird species. 

Afforestation of plants frequently utilized by the sunbird species is highly 

encouraged to preserve these agents of pollination (sunbird species). 
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