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Stress and antioxidative status of Zovawk piglets at different intervals of weaning 

SUSMITA MAJUMDER1, M AYUB ALI2, M C LALLIANCHHUNGA3, P BEHERA4, T C TOLENKHOMBA 5, 
N S SINGH6 and P MAYENGBAM7*

Central Agricultural University, Selesih, Aizawl, Mizoram 796 014 India

Received: 25 November 2021; Accepted: 27 December 2021

Keywords: Antioxidants, Cortisol, Hemolysate, Weaning stress, Zovawk pig

Zovawk is an indigenous pig breed of India whose 
home tract is in different parts of Mizoram. This pig is 
of scavenging type and are reared by Mizo community 
in rural areas of Mizoram. As a part of All India Co-
ordinated Research Project (AICRP) on Pigs, the Zovawk 
pigs were brought from different parts of Mizoram and are 
being reared in College of Veterinary Science and Animal 
Husbandry, CAU, Selesih, Aizawl, Mizoram. 

In rural farming conditions, there is no practice of 
scientific weaning of Zovawk piglets. As a part of routine 
farm practice, the Zovawk piglets are weaned from their 
mothers on 56th day of age. In different pig breeds, weaning 
has been indicated to be stressful (Yin et al. 2014) that 
contributes to intestinal and immune system dysfunctions 
(Campbell et al. 2013), low antioxidative status (Yin et al. 
2014). Many health status parameters have been detected 
to alter in response to weaning at different intervals (Zhu et 
al. 2013, Escribano et al. 2019, Yu et al. 2019). 

Zovawk pigs have been reported to possess blood 
and biochemical parameters resembling to both the wild 
and domestic pigs (Mayengbam et al. 2014). Previous 
study indicated adaptive characteristic of Zovawk to 
domestication (Mayengbam and Tolenkhomba 2017). 
There is, however, no literature available to indicate 
the stress and antioxidative status of Zovawk piglets in 
response to weaning. The present study was therefore 
carried out in order to know the impact of weaning on the 
stress and antioxidative status of Zovawk piglets.

The present study was carried out on Zovawk piglets 
reared in the AICRP on Pig, College of Veterinary Science 
and Animal Husbandry, CAU, Selesih, Aizawl, Mizoram.  
The average body weight of Zovawk piglets on the day of 
weaning was 3.3 kg. Weaning was done on 56th day of age.

Blood samples were collected from 5 weaned piglets of 
1 litter at three intervals i.e. 0, 7th and 14th day of weaning. 
Blood samples were collected by puncturing the anterior 
venacava of each piglet by using 24 Gauze needle. EDTA 
coated blood collection vials were used for collection of 

blood. Blood smears were prepared from fresh blood 
samples. Differential leukocyte count (DLC) was 
conducted on blood smears of each sample by the method 
of Jain (1986). N:L was calculated from the result of DLC.

The collected blood samples were centrifuged at 
3000 rpm for 20 min to separate plasma. Plasma was 
separated and harvested in fresh tubes. The packed cells 
left after separation of plasma were washed 3 times by 
centrifugation with equal volume of normal saline solution. 
The supernatant along with the buffy coat was discarded 
after every wash. To prepare 1% hemolysate, 100 µl of 
washed RBC was mixed with 9.9 ml of 0.05 M phosphate 
buffer saline, pH 7.4.

Protein concentration of plasma and hemolysate was 
estimated by Biuret method (Lubran 1978). Concentration 
of cortisol, thiobarbituric acid reactive substances (TBARS), 
ferric reducing antioxidant power (FRAP) were estimated 
in plasma while superoxide dismutase (SOD), glutathione 
peroxidase (GPx), catalase and reduced glutathione (GSH) 
were estimated in hemolysate. Cortisol was estimated by 
using enzyme linked immunosorbent assay kit (Elabscience 
Biotechnologies, Texas, United States). Activity of SOD 
was estimated by nitro blue tetrazolium reduction method 
described by Nishikimi (1972). GPx activity was estimated 
by the measure of rate of oxidation of glutathione by H2O2 
as described by Rotruck et al. (1973). Catalase activity was 
determined by method of Aebi (1984). GSH was estimated 
by following the procedure of Griffith (1980). FRAP was 
estimated by the method of Benzie and Strain (1999).

Saliva samples were collected at 6 intervals i.e. 0, 3rd, 
6th, 9th, 12th, and 15th day of weaning. Sampling was done 
twice a day i.e. half an hour before and after feeding in 
the morning. Sponge was used to soak the saliva. Saliva-
soaked sponge was put in a syringe and saliva was separated 
from sponge by pushing the syringe. The collected saliva 
was centrifuged at 2500 rpm for 15 min. The supernatant 
was transferred into a fresh tube and used for estimation 
of salivary alpha amylase (sAA) activity. sAA activity was 
estimated by using diagnostic test strips in automatic blood 
analyser, Fuzifilm DRI-CHEM 4000i.

Statistical analyses were done using the protocol 
reported by Snedecor and Cochran (1994). SPSS version 

Present address: 1College of Veterinary Sciences and Animal 
Husbandry, Central Agricultural University, Selesih, Aizawl, 
Mizoram. *Corresponding author email: prava.mayengbam@
gmail.com

109

https://doi.org/10.56093/ijans.v92i4.124202



[Indian Journal of Animal Sciences 92 (4) 514 MAJUMDER ET AL.

16 was used to analyze effect of weaning on different 
parameters in the present study.

There was significant increase in plasma cortisol 
(P<0.05) of Zovawk on 14th day of weaning (Table 1). 
The increase in plasma cortisol could be due to weaning 
stress. Zhu et al. (2013) and Yu et al. (2019) reported that 
weaning stress significantly increased the plasma cortisol 
level. Weaning along with mixing of piglets after weaning 
was found to cause agonistic behaviour in piglets that 
was found to associate with significant increase in plasma 
cortisol (Merlot et al. 2004). Salivary cortisol was also 
found to increase after 1 and 2 days of weaning in piglets 
(Escribano et al. 2019). Slow increase in level of plasma 
cortisol of Zovawk could be due to late weaning age. The 
plasma cortisol level of Zovawk piglets estimated in the 
current study was observed to be in higher range (Table 1) 
as compared to previous reports of Koopmans et al. (2006) 
in crossbred piglets (Landrace × Yorkshire). This variation 
could be due to difference in breed characteristics and their 
adaptation to different climatic condition.

The N:L of Zovawk decreased significantly (P<0.01) 
on 7th day of weaning which further decreased significantly 
on 14th day of weaning (Table 1). White blood cell count 
has been found to increase significantly from day 0 to  
4th day and 11th day of weaning in piglets (Sugiharto et al. 
2014). In controlled situations, an increase in neutrophil 
lymphocyte ratio was one indicator of the pig’s response 
to stress (Widowski et al. 1989). N:L was one of the 
indexes of stress and adaptability of animals to the social 
rank (Hjarvard et al. 2009) and local environment which 
generally increased under the stress condition (Minka and 
Ayo 2007). Decrease in lymphocyte and eosinophils, and 
increase in neutrophil occurred in pigs under stress such 
as following marketing (Clemens et al. 1986) and electric 
shock (Maeda et al. 2011). N:L ratio was found to increase 
in piglets as a response to cold stress (Nienaber et al. 
1989) and weaning stress (Davis et al. 2004). Gardner et 
al. (2001) observed increase in N:L on 3rd day of weaning 
and decrease on 10th day of weaning. The present finding of 
decrease in N:L on 7th day of weaning and further decrease 
on 14th day of weaning could be due to the pattern of fall 
of N:L after 3rd day of weaning (Gardner et al. 2001). N:L 
of Zovawk pigs was within the range reported earlier by 
Mayengbam (2020). N:L of Zovawk was slightly higher 
than those reported in Nicobari pig and Andaman desi pig 
(De et al. 2013) and lower than those reported in Large 
White Yorkshire (Aladi et al. 2008). 

Weaning also decreased the activity of SOD (Table 1). 
SOD activity remained stable till 7th day of weaning and 
declined on 14th day of weaning (P<0.01). SOD activity 
was also found to decrease after weaning in other piglets 
(Zhu et al. 2012). The down regulation of antioxidant 
enzymes after weaning had also been reported in piglets 
with decrease in SOD content in serum (Zhu et al. 2013). 
Chedea et al. (2018) found decrease in SOD activity in 
colon of weaned piglets. Present finding of decrease in 
SOD activity along with the previous reports indicated that 

weaning stress caused decline in SOD activity. Tao et al. 
(2016) reported that SOD activity continuously decreased 
from day 1 to day  7 post weaning. Leng et al. (2010) 
reported significant decrease in SOD activity after 7 days 
of weaning and early weaning age caused more severe 
stress than the late weaning age. Slow decline in SOD 
activity of Zovawk piglets in the present study could be the 
result of late weaning age. The SOD activity of Zovawk 
piglets estimated in the present study was within the range 
recorded in previous study of Zhu et al. (2012).

The GPx activity, catalase activity, GSH and FRAP 
concentration showed no significant change after weaning. 
There was however declining trend in GPx activity and 
GSH after weaning (Table 1). Decrease in GPx activity has 
been indicated in weaning stress (Leng et al. 2010, Zhu 
et al. 2013, Yin et al. 2014, Luo et al. 2016, Chedea et al. 
2018). The GPx activity of Zovawk was in higher ranges 
as compared to the previous reports (Zhu et al. 2012). 
There was a wide individual variation in GPx and catalase 
activities and GSH concentration in the present study. 

Table 1. Effect of weaning on stress and antioxidative 
biomarkers of Zovawk piglets

Parameter Day of weaning F value
0 7th 14th 

Cortisol (ng/mL) 64.41a

±3.14
67.29a

±4.61
80.64b

±3.35
4.33*

N:L 0.50c

±0.01
0.43b

±0.01
0.39a

±0.01
21.58**

SOD (U/mg 
protein)

25.66b

±2.13
20.88b

±1.53
14.53a

±2.17
8.07**

GPx (U/mg 
protein)

247.22
±39.25

181.03
±26.98

132.08
±29.78

3.17NS

Catalase (U/mg 
protein)

357.25
±32.58

336.85
±77.75

339.57
±135.60

0.01NS

GSH (U/mg 
protein)

84.54
±19.92

50.95
±11.89

33.63
±6.91

3.45NS

TBARS (µM/L) 492.17c

±102.39
295.18ab

±50.26
98.54a

±30.24
8.35**

FRAP (mM/L) 0.26
±0.06

0.30
±0.06

0.29
±0.05

0.15NS

Means with different superscripts in the same row differ 
significantly. NSIndicates non-significant difference between the 
days of weaning.

Concentration of TBARS of Zovawk piglets in the 
present study decreased significantly on 7th day of weaning 
and remained high on 14th day of weaning (Table 1). The 
decline in TBARS could be due to weaning stress in 
piglets as weaned group of pigs had significantly reduced 
concentration of TBARS than the piglets which remained 
with the mother (Wei et al. 2017). The level of plasma 
TBARS of Zovawk was observed to be in higher range as 
compared to previous reports in other pigs (Papadopoulos 
et al. 2016).

Activity of sAA has been reported to be an indicator 
of emotional and physiological stress (Granger et al. 
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2007, DeCaro 2008, Nater and Rohleder 2009). Martínez-
Miró et al. (2016) suggested sAA as an indicator of 
sympathetic, adrenal medullary and hypothalamic pituitary 
adrenocortical system. In the present study, Zovawk piglets 
were found to decrease the sAA activity significantly on 
3rd day of weaning which further decreased on 9th day of 
weaning (Table 2). From 9th day onwards, sAA activity 
remained stable till 15th day of weaning. Hudman et al. 
(1957) reported that sAA activity increased after 7 days of 
weaning that was followed by decrease in activity when 
the piglets were 35 days of age irrespective of weaning or 
suckling the mother. Pierzynowska et al. (2018) reported 
that plasma amylase activity decreased with age. They 
recorded decrease in activity of plasma amylase activity 
by 50% after 2 months of weaning when the weaning was 
done at 4 weeks of age. The present finding of decrease in 
sAA activity could be the result of age but not the result of 
weaning as the Zovawk piglets were 56 days old that was 
older age as compared to previous studies (Hudman et al. 
1957, Pierzynowska et al. 2018).

Table 2. sAA activity of Zovawk at  
different intervals of weaning

Day of weaning
F value

0 3rd 6th 9th 12th 15th

4592.00c

±1014.91
2989.50b

±631.79
1629.50ab

±358.81
640.00a

±101.77
500.50a

±77.78
386.50a

±65.62 10.84**

Means with different superscripts differ significantly.

Weaning caused stress in Zovawk piglets. Weaning 
stress was detected by presence of higher cortisol on 14th 
day of weaning in Zovawk. Activity of sAA of Zovawk 
was found to associate with age which decreased gradually 
after weaning in Zovawk. Weaning stress led to fall in 
antioxidative status of Zovawk piglets with decrease in 
activity of SOD and concentration of TBARS.

SUMMARY

Stress and antioxidative status of weaned Zovawk 
piglets were analysed by estimating stress and antioxidative 
biomarkers. Cortisol, neutrophil to lymphocyte ratio (N:L), 
SOD, GPx, catalase and concentration of GSH, TBARS and 
FRAP were estimated in blood samples on 0, 7th and 14th day 
of weaning. sAA activity was estimated in saliva samples 
on 0, 3rd, 6th, 9th, 12th and 15th day of weaning. Weaning 
stress caused changes in antioxidative status. On 14th day 
of weaning, cortisol concentration increased significantly 
while SOD and TBARS decreased significantly. N:L 
decreased on 7th and 14th day of weaning. GSH showed a 
declining trend in response to weaning while the catalase 
and FRAP were not influenced by weaning. sAA decreased 
significantly on 3rd day of weaning that decreased further 
on 9th day of weaning.
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