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Introduction 
 

Dry period is a critical phase in lactating 

bovines. After completing the previous 

lactation the body becomes depleted of 

reserves. For optimum production there 

should be minimum number of open days in 

bovines. So normally during dry phase dairy 

bovines are also in advanced gestation stage. 

During this period there is involution of udder 

followed by rapid proliferation of mammary 

gland tissues as a preparatory measure for 
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Dry period in buffaloes is critical. Negative effects of heat stress during this period may be 

momentary as well as get accumulated and carried over to subsequent lactation. Present 

study was conducted to assess effect of mitigating heat stress in dry period of Surti 

buffaloes on erythrogram, leukogram and neutrophil to lymphocyte ratio during 

subsequent lactation. Twelve dry Surti buffaloes in their advanced gestation were selected 

and divided into control (n=6) and treatment (n=6). Mitigation of heat stress by shed 

modification was done only during dry period for treatment buffaloes. Treatment shed had 

fan for ventilation, roof whitewashed with microfine lime and 1/3
rd

 of open paddock 

covered with 75% green net. Blood sample was collected at -8, -3, +1 and +3 wk of 

parturition and analysed for erythrogram, leukogram and neutrophil to lymphocyte ratio. 

Heat ameliorative measures in shed were successful in providing thermal comfort by 

reducing temperature, relative humidity and THI of shed. At -3 wk (P≤0.05), +1 wk 

(P≤0.01) and +3 wk (P≤0.05) Hb concentration and at -3 wk (P≤0.05) TEC and MCHC 

were lower in control buffaloes. TLC was significantly lower in control group of buffaloes 

at +3 wk (P≤0.05). In control group neutrophil % was significantly higher at -3 wk 

(P≤0.05) and +3 wk (P≤0.01) whereas simultaneously lymphocyte% was significantly 

(P≤0.05) lower at the same time. Neutrophil to lymphocyte ratio at -3 wk (P≤0.05) and +3 

wk (P≤0.01) was significantly higher in control group as compared to treatment. These 

results indicated presence of stress in control buffaloes. Providing thermal comfort 

improved profile of erythrogram and leukogram and optimized neutrophil to lymphocyte 

ratio. It was concluded that heat stress mitigation during dry period in buffaloes reduces 

immediate as well as carryover negative effects during subsequent lactation 
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next lactation. High metabolic demands for 

fetal growth further strain the already 

exhausted state of the body. Unfortunately 

this being non-lactating stage of the animal is 

skipped of requisite attention for proper care 

and management. Thus it becomes very 

important to minimize stress at this time. 

However in tropical climates like that of India 

generally the dairy animals may encounter 

heat stress during dry period. Heat stress is 

mainly caused by intense solar radiation 

especially during day time. Effect of heat 

stress is most commonly observed as changes 

in erythrogram and leukogram profiles. These 

profiles reflect the general health, welfare and 

immune status of animals. They are readily 

and easily affected by heat stress. Neutrophil: 

lymphocyte (N/L) ratio an inflammatory 

index is commonly used to evaluate stress.  

 

The detrimental effect of heat stress during 

dry period may not only be seen immediately 

but can also accumulate and show delayed 

negative impact during postpartum period as 

well as early lactation. Milk yield during 

subsequent lactation may be affected (Tao et 

al., 2012; Fabris et al., 2020) causing 

financial loss.  

 

Buffaloes have dark skin so they absorb more 

radiation (Marai and Haeeb, 2010). They have 

limited capability to lose heat by evaporative 

means i.e. sweating as they have fewer sweat 

glands (Marai and Haeeb, 2010) that are 

sparsely distributed. Evaporative heat loss is 

the only mode that buffaloes can use at high 

air temperature. However in coastal regions of 

South Gujarat that has high relative humidity 

even evaporative heat loss is minimal. Thus it 

is essential to curtail the solar radiation by 

providing shade and enhance the evaporative 

heat loss by providing ventilation. These can 

be attained by modifying the shed of animals. 

However our understanding of heat stresses is 

limited to immediate effects of ameliorative 

measures and there is a dearth of studies that 

have been focussed on observing the delayed 

and carryover effects of heat stress. 

Considering that heat stress during dry period 

may have immediate as well as delayed 

negative effects during subsequent lactation 

the present study was planned with the 

objective to assess effect of mitigating heat 

stress in dry period of Surti buffaloes on 

erythrogram and leukogram profile during 

subsequent lactation. 

 

Materials and Methods 

 

The present study was approved by 

Institutional Animal Ethics Committee 

(IAEC) vide letter no. 

NAU/NVC/IAEC/13/2019 Dt 01/06/2019. 

Twelve non-lactating Surti buffaloes that 

were in advanced stage of gestation were 

randomly selected and divided into two 

groups i.e. Control and Treatment having six 

buffaloes each. Grouping was done after 

nullifying the parity, body weight, body 

condition and performance of previous 

lactation. Both the groups were housed in 

different sheds during their dry period from -8 

week to calving. Shed of the control group 

was not modified. In the shed used for 

housing treatment buffaloes walls were 

mounted with fans, outer surface of roof was 

painted white with microfine lime powder and 

1/3
rd

 of open paddock was covered with 75% 

green net. Ambient temperature and relative 

humidity of control and treatment shed was 

recorded using automated datalogging device 

(HTC make) during the dry period. 

Temperature humidity index (THI) was 

calculated using the formula given by (Tucker 

et al., 2008). 

 

Blood samples were collected at -8, -3, +1 

and +3 weeks of calving from all the animals. 

Whole blood was collected in vacutainer 

containing K3EDTA. Blood was analyzed 

immediately after collection using fully 

automated haematology cell counter 
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(MEDONIC CA 620/530 VET) for 

haemoglobin (Hb), packed cell volume (PCV) 

and total erythrocyte count (TEC) and total 

leucocyte count (TLC). Hematological indices 

mean corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH) and mean 

corpuscular haemoglobin concentration 

(MCHC) were derived using suitable 

formulae. Differential leucocyte count was 

performed. Neutrophil: Lymphocyte (N/L) 

ratio was calculated. The data was subjected 

to analysis of variance (Snedecor and 

Cochran, 1980) and the means were tested for 

significance by Duncan’s multiple range test 

at 5% and 1%. Results were presented as 

Mean ± SE. 

 

Results and Discussion 

 

Results for meteorological parameters of both 

sheds during dry period are presented in table 

1. Results for erythrogram and leukogram 

profile are presented in table 2 and 3 

respectively. Neutrophil: lymphocyte (N/L) 

ratios are presented in fig. 1.  

 

Meteorological parameters  

 

During complete dry period ambient 

temperature, relative humidity and THI range 

for average daily values, average values only 

during daytime and only during night were 

lower for treatment shed. Whitewashing with 

microfine lime powder minimized the 

absorption of incident solar radiation on roof. 

Green net was successful in restricting the 

incident solar radiation on floor of open 

paddock. Fans mounted on wall increased the 

movement of air in shaded area thereby 

reducing relative humidity, increasing 

convective heat loss and producing cooling 

effect. The effects were more prominent 

during daytime than night. Even though the 

range of ambient temperature and THI was 

only slightly higher in control shed but it 

indicates that the beneficial effects of heat 

amelioration during day is evident also during 

night. 

 

Erythrogram profile 

 

Between groups haemoglobin concentration 

was significantly lower in buffaloes of control 

shed at -3 wk (P≤0.05), +1 wk (P≤0.01) and 

+3 wk (P≤0.05). Total erythrocyte count and 

MCHC were significantly lower at -3 wk 

(P≤0.05). During heat stress paucity of 

nutrients or reduced feed intake may decrease 

Hb synthesis and increased free radical injury 

may lyse erythrocytes to reduce their 

concentrations in blood (Srikandakumar and 

Johnson, 2004). Similar to the findings of the 

present study a lowered Hb concentration and 

reduced TEC were observed in heat stressed 

cattle (Berian et al., 2019). 

 

Leukogram profile  

 

TLC did not differ significantly during 

preapartum but was significantly lower in 

control group of buffaloes at +3 wk. Heat 

stress decreases concentration of leucocytes 

(Bhan et al., 2012) but in contrast higher TLC 

due to heat stress (Omron et al, 2013; Mazullo 

et al., 2014 and Morar et al 2018) have also 

been reported. It has also been found that heat 

stress causes release of stress hormones that 

increases the leukocyte concentration in 

circulation (Seixas et al., 2014). However 

these studies focussed more on immediate or 

concomitant levels rather than investigating 

the delayed effects. The time lag for 

decreased TLC of control buffaloes in present 

study could be a delayed response to chronic 

heat stress that needs further investigation in 

future studies.  

 

DLC results revealed that in control buffaloes 

neutrophils% were significantly higher at -3 

wk (P≤0.05) and +3 wk (P≤0.01) whereas 

simultaneously lymphocyte% were 

significantly (P≤0.05) lower at the same time.  
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Table 1 : Range of ambient temperature, relative humidity and THI  of shed during dry period 

 Daily avg Day avg Night avg 

 Control  Treatment  Control  Treatment  Control  Treatment  

Amb 

Temp 

(°C) 

31.11-32.19 29.19-29.28 36.20-37.32 32.49-32.97 26.02-27.05 25.57-25.97 

RH (%) 72.09-78.76 67.81-75.62 61.32-68.48 54.32-63.30 82.86-89.04 81.29-87.94 

THI 83.43-85.78 79.85-81.21 88.88-91.47 82.39-84.75 76.89-79.10 76.05-76.79 

Amb Temp- ambient temperature, RH - relative humidity, THI- temperature humidity index 

 

Table 2 : Erythrogram profile (Mean ± SE) during dry period and subsequent lactation in Surti buffaloes 

 -8 wk - 3 wk +1 wk +3 wk 

 Control  Treatment  Control  Treatment  Control  Treatment  Control  Treatment  

Hb  

(g/dl) 

10.02 

±0.22 

10.12 

±0.14 

9.22* 

±0.25 

9.91* 

±0.12 

7.64** 

±0.26 

9.31** 

±0.17 

9.39* 

±0.20 

9.99* 

±0.13 

PCV 

(%) 

37.25 

±0.61 

37.57 

±0.94 

36.53 

±0.62 

37.26 

±0.97 

35.04 

±0.56 

36.96 

±0.89 

36.69 

±0.63 

37.42 

±0.96 

TEC  

(10
6
/mm

3
) 

5.67 

±0.08 

5.62 

±0.13 

4.95* 

±0.12 

5.37* 

±0.12 

4.71 

±0.14 

5.03 

±0.15 

5.07 

±0.11 

5.36 

±0.16 

MCV 

(fl) 

65.70 

±0.94 

67.15 

±2.61 

74.03 

±1.65 

69.63 

±2.57 

74.62 

±1.79 

73.78 

±2.20 

72.54 

±1.71 

70.13 

±2.85 

MCH (pg) 17.70 

±0.62 

18.07 

±0.48 

18.75 

±0.94 

18.53 

±0.56 

16.37 

±1.05 

18.58 

±0.46 

18.61 

±0.77 

18.70 

±0.56 

MCHC 

(g/dl) 

26.95 

±0.88 

27.03 

±0.78 

25.29* 

±0.91 

26.69* 

±0.73 

21.86 

±0.99 

25.23 

±0.42 

25.65 

±0.81 

26.76 

±0.65 

Mean bearing superscript * (P≤0.05) and ** (P≤0.01) differ significantly between groups 

‘-’ prepartum; ‘+’ postpartum; ‘wk’ week 

 

Table 3: Leukogram profile (Mean ± SE) during dry period and subsequent lactation in Surti buffaloes 

 -8 wk - 3 wk +1 wk +3 wk 

 Control  Treatment  Control  Treatment  Control  Treatment  Control  Treatment  

TLC 

(10
3
/mm

3
) 

6.04 

±0.11 

6.16 

±0.12 

6.04 

±0.11 

6.16 

±0.12 

7.40 

±0.15 

7.26 

±0.28 

6.99* 

±0.27 

7.98* 

±0.20 

Neutrophils 

 (%) 

42.83 

±0.79 

42.67 

±0.56 

49.33* 

±0.92 

45.50* 

±1.31 

50.67 

±1.50 

52.17 

±1.35 

56.67** 

±1.12 

48.83** 

±2.15 

Eosinophils 

(%) 

5.17 

±0.31 

5.00 

±0.37 

4.50 

±0.50 

4.33 

±0.56 

3.50 

±0.43 

3.00 

±0.37 

3.17 

±0.31 

3.33 

±0.33 

Basophils  

(%) 

2.00 

±0.37 

1.83 

±0.31 

1.50 

±0.22 

1.17 

±0.17 

1.33 

±0.21 

1.50 

±0.22 

1.33 

±0.21 

1.50 

±0.22 

Lymphocytes 

 (%) 

46.17 

±0.60 

45.83 

±0.60 

42.00* 

±0.89 

45.17* 

±0.98 

42.83 

±1.28 

41.33 

±1.20 

36.17* 

±1.25 

44.17* 

±2.47 

Monocytes  

(%) 

3.83 

±0.17 

4.67 

±0.49 

2.67 

±0.56 

3.83 

±0.48 

1.67 

±0.33 

2.00 

±0.45 

2.67 

±0.67 

2.17 

±0.48 

Mean bearing superscript * (P≤0.05) and ** (P≤0.01) differ significantly between groups 

‘-’ prepartum; ‘+’ postpartum; ‘wk’ week 
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Fig 1 : Neutrophil to lymphocyte (N/L) ratio during dry period and subsequent lactation in Surti buffaloes 

 
Error bars bearing superscript * (P≤0.05) and ** (P≤0.01) differ significantly between groups 

‘-’ prepartum; ‘+’ postpartum; ‘wk’ week 

 

 
 

During stress, increased glucocorticoid 

secretion may mobilize sequestered 

neutrophils from bone marrow and increase 

them in circulation (Jain, 1993). Lymphocytes 

have been reported to decrease in response to 

heat stress (Van Eerd, 2019; Devaraj and 

Upadhyay, 2007). Heat stress especially 

during late gestation has been demonstrated in 

vitro and ex vivo to decrease CD4+ T 

lymphocytes (Gomes et al., 2013). 

Lymphocytes under thermal stress also show 

lower proliferation in vitro (Lacetera et al., 

2005; Lacetera et al., 2006; Kamanga-Sollo et 

al., 2011). Similar to the findings of the 

present study an increase in neutrophil 

concentration has been attributed to heat 

stress or summer season (Naik et al., 2013; 

Koubková et al., 2002; Mayengbam, 2009). 

 

Neutrophil: Lymphocyte (N/L) ratio 

 

Neutrophil: Lymphocyte (N/L) ratio in 

control and treatment buffaloes at -8, -3, +1 

and +3 weeks were 0.930±0.03, 0.932 ± 0.02; 

1.178 ± 0.04, 1.012 ± 0.05; 1.193 ± 0.07, 

1.271 ± 0.07 and 1.581 ± 0.08, 1.136 ± 0.11 

respectively. Neutrophil: lymphocyte (N/L) 

ratio at -3 wk (P≤0.05) and +3 wk (P≤0.01) 

were significantly higher in control group as 

compared to treatment. N/L ratio was lowest 

at the beginning of dry period i.e. at -8 wk in 

both the groups and increased thereafter. The 

ratio of neutrophil: lymphocyte in blood is 

considered as inflammatory index and often 

calculated to evaluate stress. It acts as a good 

indicator of thermal stress (Stanger et al., 

2005). In the present study significantly 

higher N/L ratio in control buffaloes at -3 wk 

(P≤0.05) was observed and it was 

predominantly due to heat stress. The margin 

of increase in N/L ratio was further more at 

+3 wk (P≤0.01) and it was highly significant. 

This was attributed to cumulative impact of 

accumulated and delayed deleterious effects 

of heat stress of dry period along with stress 

that is frequently observed during early 

lactation when it is approaching peak yield.  

 

As also mentioned before cortisol plays a dual 

role in regulating N/L ratio. Higher cortisol 

level during stress enhances mobilization of 

sequestered neutrophils and increases their 

concentration in circulation as was seen in the 

present study in control group. Such increase 

during summer months has been reported by 

Naik et al., (2013). However increased 

cortisol levels not only decreases lymphocytes 

in circulation as seen in the control group of 

buffaloes in the present study but also 

diminish its potential to proliferate. Stress due 

to heat during summers has been reported to 

reduce lymphocyte concentration in Murrah 

buffaloes (Dayal, 2017). Simultaneous 

decrease in lymphocytes and increase in 

neutrophils, leading to an increase in the 

neutrophil: lymphocyte ratio occurs under 
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stressful conditions (Dhabhar et al., 1996). 

Glucocorticoids released during stress 

enhance the life span of neutrophils thus 

increasing their concentration whereas higher 

glucocorticoids also cause lymphopenia 

simultaneously (Butcher and Lord, 2004; 

Claman, 1972; Zhang et al., 2001). An early 

study done by Stull and McMartin (1992) had 

indicated that neutrophils to lymphocytes (N: 

L) ratio is high due to heat exposure. Parmar 

et al (2013) in their study revealed that 

increase in neutrophil to lymphocyte ratio was 

significant in Murrah buffaloes but not 

significant in Sahiwal cows indicating that 

buffaloes are more prone to heat stress.  

 

In conclusion the modification of shed for 

dairy buffalo by covering open paddock with 

green net, whitewashing of roof with 

microfine lime powder and using of wall 

mounted fans provides thermal comfort. 

Thermal comfort improves erythrogram as 

well as leukogram picture and optimizes 

neutrophil to lymphocyte ratio. Heat stress 

mitigation during dry period of buffaloes is 

important to reduce immediate as well as 

carryover negative effects during subsequent 

lactation.  
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