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The present study was conducted during January–December, 2022 at the Department of Veterinary Medicine, College of 
Veterinary Science & A.H., Kamdhenu University, Anand, Gujarat, India  to study the normal values of haematological 

and biochemical parameters in both males and females of P. giganteus and C. spinx. In the study period, samples were collected 
from different district of Gujarat viz., Ahmedabad, Navsari and Valsad. In which two species of the fruit bats, P. gigantus 
(n=4) and C.sphinx (n=10) were screened for the morphometric identification. Based on morphometry both the species were 
identified. The haematology was performed in 27 fruit bats (Pteropus giganteus, n=13; Cynopterus sphinx, n=14) and biochemical 
analysis was carried out in 28 fruit bats (Pteropus giganteus, n=16; Cynopterus sphinx, n=12). In haematology, mean Hb, PCV and 
TLC were observed higher in P. gigantus than C. sphinx, whereas the value of TEC was lower. Between the species and sexes, 
hemoglobin and packed cell volume (PCV) values were comparatively equal, indicating similar oxygen-carrying capacity.  In 
serum biochemistry, mean value of Creatinine, ALT, Total protein and BUN was observed higher in P. gigantus, whereas the 
AST was found high in C.sphinx. In comparison between male and female, the higher value of Creatinine and Total protein 
were found in male, whereas ALT, AST and BUN was found higher in female.  
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1.  INTRODUCT ION

Bats are one of the most important and underrated groups 
of animals. They play an important role in the global 

balancing act of ecosystems. They are key predators of night-
flying insects that burn a big hole in the farmers pocket 
annually (Kasso and Balakrishnan, 2013). India is renowned 
for its majestic wildlife but the bats of India are hardly ever 
mentioned. They are the regenerators of the forest and a key 
component of biodiversity; however, the fruit bats are listed 
in schedule V of the Indian Wildlife Protection Act 1972 in 
India and International Union for Conservation of Nature 
(IUCN) Red List (Version 2014.1) (Singh, 2023). Bats 
are widely distributed and useful to humans in pollinating 
several plants, they also play a great role in pest control 
(Anonymous, 2015; Narayan, 2019). Chiropteran fauna in 
India, one of the world’s richest countries, plays a crucial 
role in regenerating forests and contributing to biodiversity 
(Chakravarthy and Yeshwanth, 2008). 

According to Bhandarkar and Paliwal (2014), bats represent 
20% of all known mammals and rank second after rodents. 
Pteropus giganteus, widely known as “Indian flying fox” 
or “Greater Indian fruit bat,” is the second largest order in 
the class Mammalia. It belogs to the family Pteropodidae 
and order Chiroptera. The name Pteropus giganteus 
means “hand-wing.” This order has over 1,117 different 
species of bats. It is further divided into two sub-orders: 
Microchiroptera, which is made up of smaller, echolocating, 
and primarily insectivorous bats (Vyas and Upadhyay, 2014), 
and Megachiroptera, also known as “megabats,” which 
comprises 186 species of frugivorous bats (Simmons, 2005). 
India has 11% of the world’s bat population (Simmons, 
2005), with 13 species of fruit bats (Srinivasulu et al., 2010) 
and 101 insectivorous bats (Bhandarkar and Paliwal, 2014), 
However only three species viz., Indian flying fox (Pteropus 
giganteus), Fulvous fruit bat (Rousettus leschenaultii), and 
Greater short-nosed fruit bat (Cynopterus sphinx) were 
found commonly. The Indian flying fox inhabits a vast 
area of the Indian subcontinent, spanning from Pakistan 
to China, Southeast Asia, and the Maldives. As per Molur 
et al. (2008), this species is found not only in India but also 
in Bangladesh, Bhutan, Myanmar, Nepal, and Sri Lanka. 
The Indian flying fox, P. giganteus is known to live in close 
proximity of humans and was observed roosting in botanical 
gardens, cities, and villages (Chakravarthy and Yeshwanth, 
2008; Akbar et al., 2022).

Bats are known to be reservoirs of zoonotic infectious 
diseases, including high-profile viruses like Rabies, Ebola, 
SARS, Nipah, Hendra, MERS, and Paramyxoviridae, 
attracting scientific attention for their role in these 
infections. (Wang and Anderson, 2019). Bat species 
identification has progressed from external morphology 

and geometric morphometry to PCR-based mitochondrial 
DNA 16srRNA on faecal samples, depending principally 
on amplification of two mtDNA genes (cyt b and COI) and 
their sequencing, making bat species identification easier 
(Vamadevan et al., 2019). The haematological parameters 
and biochemical profiles are crucial for evaluating the 
health and physiology of captive and wild animals, aiding 
in disease diagnosis and understanding their physiological 
responses to the environment, and are essential for 
monitoring population health and addressing environmental 
changes (Paksuz, 2022). Despite numerous studies on 
haematological and biochemical parameters in mammalian 
species, the data needed to understand their general health 
profile and physiological status is insufficient, especially in 
the order Chiroptera. This study aims to know the normal 
values of haematological and biochemical parameters in 
both males and females of P. giganteus and C. spinx.

2.  MATERIALS AND METHODS

The study was conducted at the Department of 
Veterinary Medicine, College of Veterinary Science & 

A.H., Kamdhenu University, Anand in collaboration with 
the Ahmedabad district’s non-governmental organizations 
and the office of deputy director of the F.M.D. Typing 
Scheme, Ahmedabad. During the study period ( January-
December, 2022), a total of 42 fruit bats, the blood and 
serum were collected from the 28 live fruit bats whereas 
the 14 dead fruit bats were screened for the morphometric 
measurement. The morphometric measurement was done in 
P. gigantus (n=4) and C. spinx (n=10) fruit bats by measuring 
different parameters viz., body weight, head body length 
(HBL), ear length (EL), wingspan, canine-condyle length, 
forearm length (FAL) and hind feet length (HFL). The 
whole blood was collected in K3EDTA vial (approx. 1 ml) 
and different haematological parameter viz., Haemoglobin 
(Hb; g dl-1), Packed cell volume (PCV; %), Total leukocyte 
count (TLC; ×103 μl-1) and Total erythrocyte count (TEC; 
×106 μl-1) were analyzed by the manual methods. The serum 
was harvested from the blood, which was collected in clot 
activated vial and the biochemical parameter viz., Total 
protein (g dl-1), Creatinine (mg dl-1), Blood urea nitrogen 
(BUN; g dl-1), Alanine amino transferase (ALT; U L-1) and 
Aspartate amino transferase (AST; U L-1) were analyzed by 
the using automated serum-biochemical analyzer. The data 
of haemato-biochemical analysis were analysed by using 
independent sample ‘t’-test by statistical Package for Social 
Science (SPSS) version 26.0. 

3.  RESULTS AND DISCUSSION

During the study period, a total of two species (Pteropus 
giganteus and Cynopterus sphinx) of fruit bat were 

identified based on their morphological characteristics. The 
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morphological identification was done by measuring the 
different morphometry. The details of the morphometry 
of the bats used for species identification are presented in 
Table 1.

brown to grey-brown and a lower part that was somewhat 
whiter. Whereas the inter-femoral membrane was hairy 
above and below, the entire wing membrane was a dark 
brown colour. The ears have a faint white line on the 
anterior and posterior sides. The average body weight was 
60±1.71 g; head body length, 9.02±0.14 cm; ear length, 
1.59±0.06 cm; wing span, 51.37±0.99 cm; Canine condyle 
length, 2.34±0.06 cm; forearm length, 6.46±0.13 cm; and 
hind feet length, was 1.45±0.03 cm respectively. The range 
of accessible specimens’ morphometry was found to be 
consistent with that noted by Bates and Harrison (1998) 
and Kumar et al. (2015).

Out of 27 blood samples of the fruit bats, 13/27 (48.14%) 
blood samples were from the P. giganteus and 14/27 (51.86%) 
from the C. sphinx. Amongst the 13 blood samples of P. 
giganteus, 7/13 (53.84%) were male and 6/13 (46.16%) 
were female. Whereas 6/14 (42.86%) were male and 8/14 
(57.14%) were female in C. sphinx. The samples were 
subjected to estimate Haemoglobin (Hb; g dl-1), Packed 
Cell Volume (PCV; %), Total Leukocyte Count (TLC; 
×103 μl-1) and Total Erythrocyte Count (TEC; ×106 μl-1). 
The comparison between the species and within species was 
carried out to find out the significant difference.

 The values of haematology for two species were estimated 
and the comparison between the species and pulled male 
and female were also carried out. The detail of the result is 
presented in Table 2.

The mean Hb and PCV level were found to be lower in C. 
sphinx in comparison to P. giganteus, and the difference was 
non-significant. Whereas the highly significant difference 
was observed in the value of TEC and TLC in C. sphinx 
and P. giganteus, respectively. While in comparison between 
pulled male and female the TEC value shows highly 
significant (<0.01) difference.

The comparison with in the species was carried out and data 
is presented in Table 3. In P. giganteus, the difference was 
observed non-significant. Whereas in C. sphinx, the value of 
TLC was higher significantly in female. The value of TEC 
was higher significantly in male in comparison to female.

Table 1: Bats and its morphometry

Sl.
No.

Morphometry Pteropus 
giganteus

(n=4)

Cynopterus 
sphinx
(n=10)

1. Body weight (g) 539.00±38.34 60.00±1.71

2. Head body length 
(cm)

25.90±1.00 9.02±0.14

3. Ear length (cm) 3.85±0.10 1.59±0.06

4. Wing span (cm) 112.28±3.98 51.37±0.99

5. Canine condyle 
Length (cm)

4.07±0.11 2.34±0.06

6. Forearm length (cm) 15.40±0.42 6.46±0.13

7. Hind feet length (cm) 4.25±0.09 1.45±0.03

Pteropus giganteus (n=4) is a colonial species that resides 
in enormous daytime roosts that may contain hundreds or 
even thousands of individuals and are typically found in 
mature trees. This was the biggest bat ever discovered at 
the study site, with two well-developed nostrils and a long 
snout. The ears were long, pointed, and black in colour. The 
tail was not present, but the eyes were big and functional. 
The cloak was a pale yellow-brown colour, the back was 
black with light grey streaks, the head was brown, and the 
underside was buffy brown. The average body weight was 
539±38.34 g; head body length, 25.90±1.00 cm; ear length, 
3.85±0.10 cm; wing span, 112.28±3.98 cm; Canine condyle 
Length, 4.07±0.11; forearm length, 15.4±0.42 cm; and hind 
feet length, was 4.25±0.09 cm. The results of this study, 
which examines Pteropus gigantae externally, are consistent 
with earlier findings of Srinivasulu and Srinivasulu (2001), 
Saha et al. (2015) and Vamadevan et al. (2019). In the 
Indian subcontinent, Cynopterus sphinx (n=10) is the most 
widespread species. The muzzle was relatively short and 
broad, with an upper half with pelage that ranged from 

Table 2: Mean haematological values of fruit bats

Haematological
parameter

Pulled values
(n=27)

P. gigantuis
(n=13)

C. sphinx
(n=14)

Pulled male
(n=13)

Pulled female
(n=14)

Hb (g dl-1) 14.52±0.17 14.59±0.20 14.39±0.27 14.42±0.23 14.55±0.25

PCV (%) 43.57±0.52 43.77±0.62 43.17±0.81 43.27±0.71 43.63±0.75

TLC (×103 μl-1) 5.75±0.45 7.42±0.73** 4.78±0.59 5.35±0.90 6.69±0.56

TEC (×106 μl-1) 9.46±0.34 8.30±0.22 10.21±0.48** 10.11±0.52** 8.54±0.28

**: Highly significant (p<0.01)
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Table 3:	 Mean haematological values of male and female 
fruit bat (P. giganteus; C. sphinx)

Haematological 
parameter

P. giganteus C. sphinx

Male 
(n=7)

Female 
(n=6)

Male 
(n=6)

Female 
(n=8)

Hb (g dl-1) 14.51± 
0.29

14.68± 
0.32

14.32± 
0.42

14.45± 
0.38

PCV (%) 43.54± 
0.87

44.05± 
0.97

42.96± 
1.25

43.34± 
1.14

TLC (×103 μl-1) 7.25± 
1.31

7.62± 
0.65

3.14± 
0.20

5.40± 
0.27**

TEC (×106 μl-1) 8.52± 
0.24

8.05± 
0.39

11.96± 
0.29**

8.90± 
0.37

In general, hematological parameters typically vary in 
response to various types of stress during the capture and 
handling of bats and other animals. In the present study, 
stress was reduced by carefully handling and restraining the 
bats. According to Hossain et al. (2013) bats have greater 
RBC counts, Hb concentrations, and PCV levels than other 
mammals because of their distinct energy needs and high 
weight-specific basal metabolic rates. The higher blood 
oxygen transport capabilities of bats help them to overcome 

Table 4: Mean biochemical values of fruit bats

Biochemical 
parameter

Pulled value
(n=28)

P. giganteus
(n=16)

C. sphinx
(n=12)

Pulled male 
(n=14)

Pulled female 
(n=14)

Creatinine (mg dl-1) 0.87±0.04 0.97±0.07** 0.73±0.04 0.88±0.08 0.85±0.05

ALT (U l-1) 70.80±4.66 83.12±2.44** 54.55±8.45 66.45±5.07 75.29±7.84

AST (U l-1) 106.59±11.63 61.40±3.43 166.83±13.26** 105.01±19.38 108.15±13.63

Total protein (g dl-1) 6.12±0.14 6.27±0.25 5.93±0.09 6.39±0.22 5.84±0.17

BUN (g dl-1) 26.65±3.50 31.79±5.54 17.46±2.05* 22.41±3.41 28.87±6.13

**: Highly significant (p<0.01); *: significant (p<0.05)

their flight limitations and high weight-specific metabolism.

The present findings on Hb and TEC concentration are 
an agreement with those reported by Hossain et al. (2013), 
Rahma et al. (2017) and Albayrak and Saricam, (2019). 
The PCV values of the present study was nearer to wild and 
captive Egyptian fruit bats (Rousettus aegyptiacus) (44±2 to 
58±4) reported by Van Der Westhuyzen (1988), whereas 
the higher value (52.2±1.5) was reported by Hossain et 
al. (2013) in wild-captured Indian Flying Fox (Pteropus 
giganteus). A similar value of TLC counts was reported by 
Rashid et al. (2016) and the lower values were reported by 
Kuzel et al. (2020).

During the study period, a total of 28 sera samples were 
harvested from the blood of the fruit bats. Amongst them, 
16/28 (57.14%) of P. giganteus and 12/28 (42.85%) of C. 
sphinx. In P. giganteus, 8/16 (50.00%) were male and 8/16 
(50.00%) were female. In C. sphinx, 6/12 (50.00%) were male 
and 6/12 (50.00%) were female. The samples were subjected 
for the biochemical parameters, viz., creatinine (mg/dl), 
Alanine amino transferase - ALT (U/L), Aspartate amino 
transferase - AST (U/L), Total Protein (g/dl) and Blood 
Urea Nitrogen- BUN (g/dl). The comparison between the 
species and pulled male and female was carried out. The 
data is presented in the table 4. 

The mean creatinine and ALT values were significantly 
(p<0.01) higher in P. giganteus fruit bat than C. sphinx. 
Where the non-significant difference was observed between 
the male and female.

The value of total protein was found significant higher in 
male P. giganteus than female, whereas the value of AST was 
higher in female than male. In C. sphinx, the difference was 
non-significant between the male and female. The serum 

Table 5: Mean biochemical values of male and female fruit bat (P. giganteus; C. sphinx)

Biochemical Parameter P. giganteus C. sphinx

Male (n=8) Female (n=8) Male (n=6) Female (n=6)

Creatinine (mg dl-1) 1.03±0.12 0.91±0.08 0.68±0.05 0.78±0.05

ALT (U L-1) 78.66±3.29 87.59±2.98 50.20±6.61 58.91±16.21

AST (U L-1) 53.33±4.43 69.47±3.49* 173.92±24.09 159.75±13.18

Total Protein (g dl-1) 6.74±0.33* 5.79±0.30 5.93±0.14 5.92±0.14

BUN (g dl-1) 24.92±5.52 38.65±9.35 19.08±3.41 15.84±2.42

**: Highly-significant (p<0.01); *: Significant (p<0.05)
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biochemistry gives crucial details about an animal’s immune 
system and health status, which is helpful in a clinical 
context with captive animals as well as in epidemiologic 
research for attempting to determine the potential impacts 
of infection with a specific disease. Further, this study 
provides an analysis of serum-biochemistry with regards to 
sex as well as a comparison between two species of fruit bats 
(P. giganteus; C. sphinx). According to Edson et al. (2018) 
the substantial differences between males and females that 
have been found are more likely to be physiologic changes 
that occur during the life cycle than than clinical disparities.

4.  CONCLUSION

The investigation reveals the size differences between P. 
giganteus and C. sphinx, which are critical for identifying 

the two species and facilitating their ecological adaptation. 
The mean haemoglobin value, PCV and TLC were higher 
in males than females. While TEC is low in males than 
females. The creatinine, BUN, and ALT levels of P. giganteus 
were greater than those of C. sphinx, suggesting that the 
two species differ in terms of liver metabolism and renal 
function. A comprehensive study with a large number of 
samples can aid the scientific community by reducing the 
margin of error, accounting for demographic variances, and 
providing the way for future research.
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