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INTRODUCTION

Camel is an important component of desert ecosystem 
of Gujarat. It is primarily reared for carting/draft, ag-

ricultural operation and transportation in addition to the 
secondary utility of milk and hair production (Saini et al., 
2006). India ranks 7th in the world in camel population 
which is mainly confined to the northern- western part 
of the country. India possesses mainly dromedary camels. 
There are 9 indigenous registered breeds of camels in In-
dia viz. Jaisalmeri, Jalori, Bikaneri, Kutchi, Malvi, Marwari, 
Kharai, Mewari and Mewati (NBAGR, 2016). Camels in 
India are mainly reared by landless nomadic or semi-no-
madic tribes as an ancestral business. Camel has a unique 
ability to convert the scanty plant resources of the desert 
area into milk, meat and fibre (Ahmad et al., 2010).

Gujarat is having two breeds of Camel i.e. Kutchi and 

Kharai (a recently recognized breed). Kutchi breed is in-
habitant of Kutch and Banaskantha, dry and semi-arid 
districts of north Gujarat. According to 19th Livestock 
census, the camel population in Gujarat was 30415 in-
cluding 16891 males and 13524 females (Livestock census, 
2012). Though both Kutchi and Kharai camels share many 
characters they are not only morphologically distinct but 
also differ with respect to milk and wool quality. Hence 
their conservation assumes national priority (Mburu et al., 
2003).

The erythrocytic indices are important parameters to be 
observed for monitoring the health status of animals. The 
reference values of such indices become helpful in the di-
agnosis, prevention and control of disease by providing the 
basis for clinical interpretation of laboratory data. Howev-
er, the normal levels of haemato-biochemical parameters 
have been found to be influenced by different physiologi-
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cal stages of animals (Ahmad et al., 2003). Pregnancy and 
lactation are two most important stages in the life of an-
imals, which affect metabolism resulting in the alteration 
of the haemato-biochemical profile (Krajnicakova et al., 
2003; Iriadam 2007). However, no such study has beenper 
formed to investigate the erythrocytic indices during dif-
ferent stages of lactation. Hence, the present study was un-
dertaken to determine the reference values of erythrocytic 
indices in clinically healthy lactating Kutchi camel during 
different stages of lactation.

MATERIALS AND METHODS

Location of Study
The study was conducted at Sardarkrushinagar located 
in Banaskantha district of North Gujarat, in collabora-
tion with Camel Breeding Farm, Dhori (Kutch, Gujarat), 
which is situated between 22˚ 44˚ 8˚ to 24˚ 41˚ 30˚ North 
Latitude and 68˚ 7˚ 23˚ and 71˚ 46˚ 45˚0˚ East Longitude in 
western India. The maximum annual average temperature 
and relative humidity of this region is 39-45°C and 63%, 
respectively. Kutch has wide range of climate conditions 
varying from dry to humid and extreme cold to hot with 
wide variation in landscaping.

Experimental Animals
A total of 30 clinically healthy female Kutchi camels 
(Camelus dromedarius) of 8-10 years old were selected from 
the herd maintained at Camel Breeding Farm, Dhori (Ku-
tch, Gujarat). These animals were categorized into three 
groups based on their stage of lactation: early lactation (1-3 
months), mid-lactation (4-6 months) and late Lactation 
(≥ 7 months). The average body weight of the animals was 
about 500 kg with average milk yield of 4-5 kg per day 
per animal. The selected animals were maintained follow-
ing standard farm practices. All the camels are left free to 
graze in the open desert. Adlibitum feed was provided to 
the animals. The animals appeared clinically healthy with 
no physical deformities. The health status of the selected 
animals was evaluated based on behavior, rectal tempera-
ture, pulse rate, respiratory rate and faecal consistency. The 
animals were also examined for parasites and deworming 
of the animals was done regularly.

Collection of Blood Samples
The whole blood samples were collected in vials contain-
ing K3 EDTA (Tripotassium ethylene diamine tetra acetic 
acid) supplied by P.H. Polyplast, Thane, India, for haema-
tological analysis.

Hematological Analysis
Blood samples were analyzed for different erythrocytic 
indices viz. total erythrocyte count (TEC), hematocrit 
(HCT)/packed cell volume (PCV), hemoglobin (Hb), 

mean corpuscular volume (MCV), mean corpuscular he-
moglobin (MCH) and mean corpuscular hemoglobin con-
centration(MCHC) using Automated Hematology Ana-
lyzer (Cell–Dyn 3700, Abbott Diagnostics, USA).

Data Analysis
The data generated on erythrocytic indices were analyzed 
statistically using one way ANOVA model by sigma stat 
software, version 4.0, 2016 (Snedecor and Cochran, 1994).

RESULTS AND DISCUSSION

The mean and standard error (mean±S.E.) values of eryth-
rocytic indices of different experimental groups of Kutchi 
camels are presented in Table 1.

Table 1:  Erythrocytic indices during different stages of 
lactation in Kutchi camels
Groups

Parameters

Group-I
Early
Lactation
(1-3 months)

Group-II
Mid
Lactation
(4-6 months)

Group-III
Late 
Lactation
(≥ 7 months)

TEC 
(millions/µl)

9.06±0.29ab 8.24±0.71a 9.79±0.27b

Hb (g/dl) 14.06±0.41 13.84±0.32 13.07±0.38
PCV (%) 28.62±0.59 27.91±0.90 30.03±0.50
MCV (fl) 34.34±1.09ab 37.13±1.37b 33.04±0.62a

MCH (pg/cell) 15.73±0.63ab 16.98±0.54b 13.62±0.90a

MCHC (g/dl) 48.11±1.66 47.69±1.24 44.37±1.26
Mean ± S.E with different superscripts in rows differ significantly 
(p˂0.05).
TEC= Total erythrocytes count, Hb= Haemoglobin, PCV= 
Packed cell volume, MCV= Mean corpuscular volume, MCH= 
Mean corpuscular hemoglobin, MCHC= Mean corpuscular 
hemoglobin concentration

Total Erythrocyte Count
Result showed that the TEC was significantly (p < 0.05) 
lower in mid lactation as compared to late lactation. It was 
observed that the recorded data were comparable with the 
earlier studies (Hussein et al., 1992; Farooq et al., 2011; 
Mohamed and Hussein, 1999). Lower RBC concentra-
tion in mid lactation may indicate a negative correlation 
between higher milk production and RBCs concentration 
in lactating animals. However, Al-Busadah and Osman 
(2000) reported higher values of TEC as compared to the 
present study in lactating camels. Similarly, Tharwat et 
al. (2015) and Hagawane et al. (2009) reported the high-
er values of TEC than the result obtained in this study. 
El-Tarabany et al. (2016) observed the higher values of 
TEC in baladi goats than values obtained in present study. 
This difference may be ascribed to differences in breed and 
in the physical and environmental conditions.
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Haemoglobin
Hb concentration obtained in this study is in agreement 
with the values reported in previous studies (Farooq et 
al., 2011; Mohamed and Hussein, 1999; Al-Busadah and 
Osman, 2000). The increased hemoglobin content in ear-
ly lactation than in mid and late lactation in camels was 
probably due to higher demand for oxygen and the re-
quirements of higher metabolic rate during and after par-
turition. However, results obtained in present study were 
higher than that reported by Hussein et al. (1992), Haga-
waneet al. (2009), El-Tarabany et al. (2016) and Nozad et 
al. (2012). The haemoglobin (Hb) concentration found in 
Kutchi camels during early lactation in this study was low-
er than reported by Tharwat et al. (2015) during first three 
weeks of lactation after parturition in camels. The change 
in the values of Hb may be due to the climatic and geo-
graphic conditions.

Packed Cell Volume
The PCV values obtained in different groups of Kutchi 
camels did not differ significantly. However, lower values of 
PCV have been found in early and mid lactation as com-
pared late lactation (Al-Busadah and Osman, 2000; Thar-
wat et al., 2015). This may be due to elevated erythrocyte 
devastation in mammary cells along with mobilization of 
water to mammary gland.PCV values observed in Kutchi 
camels in this study corroborate the reports of Hussein et 
al. (1992) and Farooq et al. (2011). The values of PCV ob-
served by Nozad et al. (2012) in Holstein dairy cows were 
higher than values found in present study during early and 
mid-lactation. Hagawane et al. (2009) also reported the 
higher values of PCV in lactating buffaloes.

Mean Corpuscular Volume
There was no significant difference in MCV values be-
tween early and mid lactation as well as between early and 
late lactation but, statistically (p < 0.05) higher MCV lev-
els were found in mid lactation as compared to late lac-
tation. The findings of mean corpuscular volume (MCV) 
recorded in present study were comparable with values re-
ported by previous studies (Hussein et al., 1992; Farooq et 
al., 2011; Mohamed and Hussein, 1999).The MCV values 
of this study were higher than reported by Al-Busadah and 
Osman (2000) and Tharwat et al. (2015). 

Mean corpuscular Hemoglobin
The MCH concentration of mid lactation was significantly 
(p < 0.05) higher than late lactation. However, non-signif-
icant difference found between early and mid lactation as 
well as early and late lactation. The mean corpuscular hae-
moglobin (MCH) values recorded in present study were 
comparable with the values determined by previous reports 
(Hussein et al., 1992; Farooq et al., 2011; Mohamed and 
Hussein, 1999). The findings of Al-Busadah and Osman 

(2000) were lower than the findings of this study. 

Mean Corpuscular Hemoglobin Concentration
There was no significant difference in MCHC among 
the experimental groups; rather the MCHC values were 
found to be almost similar at different lactation stages. 
The findings of mean corpuscular haemoglobin concentra-
tion (MCHC) recorded in present study were within the 
range reported in previous studies (Mohamed and Hus-
sein, 1999, Al-Busadah and Osman, 2000). Tharwat et al. 
(2015) reported higher MCHC values than obtained in 
present study. MCHC in Kutchi camels during early and 
mid-lactation were higher than the values reported by the 
Hussein et al. (1992) in dromedary camels. However, the 
values of MCHC obtained in this study are higher than 
reported by Farooq et al. (2011).

The discrepancies in values for various haematological pa-
rameters between our findings and previous studies may 
be explained by differences in sampling interval, methods 
used, numbers of animals sampled, and/or degree of met-
abolic disturbances. Moreover, genetic differences between 
animals and subtropical conditions of the present study 
might have played a role for the differences with other 
studies.

CONCLUSION

The results observed during this investigation may be use-
ful as reference values in future for the scientific communi-
ty as this is the first study of its kind in case of Kutchi cam-
el (Camelus dromedarius), a unique camel breed of Gujarat. 
The significant (p < 0.05) variation had been noticed in 
erythrocytic indices viz. MCV, MCH and TEC. However, 
non-significant (p > 0.05) variation was found in Hb, PCV 
and MCHC during different stages of lactation. Further, 
these values will be helpful to the clinicians for observing 
the health status of camels at different stages of life as well 
as in differential diagnosis, prevention and control of dis-
ease.
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