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ABSTRACT

The present study was conducted to evaluate the efficacy of different herbal anti-stressors on somatic and haemato-
biochemical markers of stress during the peripartum period and their impact on milk yield in crossbred dairy cows. 
A total of 24 gravid crossbred cows approaching term were selected for the study and randomly divided into four 
equal groups. The control group (G1) received no treatment, while the treatment groups (G2, G3, and G4) were orally 
administered specific doses of different herbal anti-stressor preparations viz. Restobal, combination of Restobal, 
Exapar and Ketoroak, and Stenot Liquid, respectively. The results revealed that cows in the treatment groups exhibited 
significant improvements in various haemato-biochemical parameters, which were associated with an increase in 
milk yield compared to the control group. Specifically, the cows in treatment groups showed significantly higher 
levels of haemoglobin concentration, total erythrocyte counts, packed cell volume and neutrophil counts, along 
with elevated serum sodium and potassium levels. Additionally, there were reductions in serum cortisol, glutathione 
peroxidase, thiobarbituric acid reactive substances, catalase, creatine kinase and cholesterol levels compared to the 
control group. In conclusion, the herbal treatments used in this study were found to be efficacious in relieving stress 
earlier than the untreated control group, leading to enhanced milk production in crossbred dairy cows during the 
peripartum period.  
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Peripartum period is the most stressful condition as 
it induces several physiological changes for the onset 
of lactation (Konvicna et al. 2015; Ambily et al. 2019). 
Increased level of stress may cause different immune 
system and/or reproduction disorders which finally affects 
the productivity of dairy animals (Jerram et al. 2020). 
In bovines, majority of the production and reproduction 
associated diseases occur during the transition period of 
pregnancy which lasts from three weeks prior to calving 
and three weeks post-calving (LeBlanc et al. 2006; Reddy 
et al. 2018) and induce various haematological, blood 
biochemical, metabolic and endocrine changes during this 
phase in the life cycle of dairy animals (Tharwat et al. 
2015; Vasantha et al. 2020). To overcome this parturition 
related stress, many anti-stressor medications have been 
developed including many herbal preparations with better 

efficacy (Bhamare et al. 2022a). In recent days, herbal 
anti-stressors are getting popularity for their better efficacy 
and safety. Keeping the above facts in view, an attempt 
was made to evaluate the efficacy of different herbal anti-
stressor formulations on somatic and biochemical markers 
of stress during the peripartum period and their association 
with milk yield in crossbred dairy cows.

MATERIALS AND METHODS

The study was conducted at North Lakhimpur, Assam, 
India which is located in the GPS coordinates of 27° 14’ 
10.7412’’ N and 94° 5’ 45.0240’’ E from 29th January, 2020 
to 31st January, 2022. A total of 24 gravid crossbred cows 
approaching term were selected for the study and randomly 
divided into four equal groups: G1, G2, G3 and G4. The 
cows in control (G1) group received no treatment, while 
each treatment groups (G2, G3 and G4) were subjected to 
different treatment regimens as outlined in Table 1. All 
the cows were provided ad lib access to feed and water 
throughout the experimental period. 

Blood samples were collected from jugular vein of the 
cows on the 0th, 7th and 15th day of parturition and treatment 
supplementation. Each blood sample was divided into two 
parts: the first part (1 ml) was collected on disodium ethylene 
diamine tetracetic acid (EDTA) tubes for hemogram tests. 
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The second part (5 ml) was placed in plain centrifuge tubes 
for separation of serum and the serum samples were stored 
at -20 ºC until used for subsequent biochemical analysis. 
Serum samples were evaluated for the estimation of various 
biochemical parameters viz. sodium (Na), potassium (K), 
chloride (Cl), catalase, glutathione peroxidase (GPx), 
thiobarbituric acid reactive substances (TBARS), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
alkaline phosphatase (ALP), total protein, albumin and 
globulin, albumin to globulin ratio (A:G), blood urea 
nitrogen (BUN), creatinine, creatine kinase, glucose, 
cholesterol and cortisol with the help of commercially 
available test kits. Haematological parameters viz. total 
erythrocyte count (TEC), haemoglobin concentration 
(Hb), packed cell volume (PCV), total leukocytic count 
(TLC) and differential leukocytic counts (DLC) were also 
estimated. These parameters were evaluated according 
to the routine haematological procedures as described by 
Feldman et al. (2000). Rectal temperature (RT), heart rate 
(HR), respiration rate (RR) and milk yield of the individual 
animal was recorded day 0, 7 and 15 of treatment. Moreover, 
placental weight of the individual animal at parturition, and 
body weight of calf on day 0, 7 and 15 were also recorded 
during the study.

Ethical approval: The clinical trial protocol was reviewed 
and approved by the Institutional Expert Committee 
chaired by the Director of Research (Veterinary), Assam 
Agricultural University, Khanapara, Guwahati; vide 
meeting held on 24-08-2019 with Proceedings Memo No. 
99/774/2019-20/DRV/3345-54 Dated: 5-9-19.

Statistical analysis: The data were analyzed using R 
Software Version 4.2.2 (© The R Foundation for Statistical 
Computing Platform, 2022) and RStudio Software Version 
1.1.463 (© RStudio, Inc., 2009-2018). Two-way analysis 
of variance test was conducted, followed by Post hoc 
difference test between means using Duncan’s multiple 
comparison test to identify significant differences between 
groups and days of treatment and their interaction (Snedecor 
and Cochran, 1994; Maurya et al. 2014). Descriptive data 
are presented as Mean ± Standard Error. Statistically 
significant differences are indicated by different superscript 
letters and asterisks, where * denotes significant differences 

at p<0.05 and ** denotes highly significant differences at 
p<0.01. The value of p>0.05 were considered as statistically 
non-significant. 

RESULTS AND DISCUSSION

The findings related to changes in blood biochemical 
parameters, haematological and physiological parameters, 
as well as calf weight and milk yield, across four different 
treatment groups (G1, G2, G3 and G4) at different days of 
treatment (day 0, day 7, and day 15) are presented in Table 
2, Table 3, and Table 4, respectively.

Changes in blood biochemical parameters: The mean 
serum Na levels were increased significantly (p<0.01) on 
different days of treatment among the treatment groups 
(Table 2). Likewise, the mean serum K levels were 
increased significantly (p<0.05) on different days of 
treatment within the groups. On the contrary, the mean 
serum Cl levels among all groups were found to be stable 
without any significant difference. The present findings 
of serum Na, K and Cl levels are in agreement with the 
previous reports of Skrzypczak et al. (2014). 

The mean serum catalase profile of G1 group was 
significantly different (p<0.01) from the other treatment 
groups (G2, G3 and G4). The activity was significantly 
reduced (p<0.01) on different days of treatment regimens, 
which might be due to the reduction of oxidative stress 
following different treatments. Maurya et al. (2014) had 
earlier reported that catalase activity increased in cows 
during the transition period.

Serum cortisol is a stress assessing hormone which is 
secreted in higher levels during the stress response to the 
body. In the present study, increased serum cortisol levels 
were noticed in all groups during the period of parturition, 
which indicates that the parturition process had severe 
stress in cows (Hudson et al. 1976). As the treatment days 
advanced, it showed a significantly decreasing trend in the 
treatment groups (G2, G3 and G4) compared to control (G1) 
group (p<0.01) indicating a reduction in the parturition stress 
following treatments. The present findings are in corroboration 
with the study of Abed et al. (2020), who reported that 
increased plasma cortisol levels at calving in Friesian cows. 

The significant differences (p<0.01) in mean serum GPx 

Table 1. Different treatment regimens applied in different groups

Group No. of cows Treatment Dose and route
G1 6 Control No treatment

G2 6 Restobal1 50 mL orally twice daily from about 5 days before to 5 days after parturition 

G3 6
Restobal1 + 
Exapar2 + 
Ketoroak3

Restobal @ 50 mL orally twice daily from about 5 days before to 5 days after parturition 
Exapar @ 100 mL orally after parturition twice on first day followed by 50 mL twice daily for 
next 5 days 
Ketoroak @ 200 mL orally once daily for 5 days after parturition 

G4 6 Stenot4 50 ml orally once daily for 10 days after parturition
1Marketed as Restobal® Liquid by M/s Ayurvet Limited, India. 2Marketed as ExaparTM Liquid by M/s Ayurvet Limited, India. 

3Marketed as Ketoroak® Liquid by M/s Ayurvet Limited, India. 4Marketed as Stenot Liquid by Natural Remedies Pvt. Ltd., Bengaluru.
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levels among all groups was in agreement with the previous 
reports of Maurya et al. (2014). Likewise, the mean blood 
TBARS levels were significantly reduced (p<0.01) among 
the treatment groups. Being lowest on day 15 as compared 
to day 7 and day 0, suggesting that the antioxidant effect of 
treatment regimens.

Chandra et al. (2013) had reported an increase in blood 
TBARS levels during calving in Sahiwal cows.

The serum transaminases (ALT and AST) are the most 
sensitive indicator of hepatocellular injury (Shrimali  
et al. 2016). Moreover, elevation in alkaline phosphatase 
(ALP), lactate dehydrogenase (LDH), gamma-glutamyl 
transferase (GGT), serum proteins, and bilirubin have 
significant importance in the degree of cholestasis and 
synthetic capacity of the liver (Hauptman et al. 2001; 
Limdi and Hyde 2003). In the present study, the mean 
serum AST levels were found to be significantly different 
(p<0.01) between control and treatment groups on different 
days of treatment. However, there were no significant 
differences among the G2, G3 and G4. These findings are in 
agreement with the previous reports of Yadav et al. (2019), 
who observed enzyme activities were within the normal 
range, indicating that the integrity and functionality of liver 
tissues were obviously maintained during these periods. 
It was also opined that the lowest plasma AST level was 
recorded on the day of parturition, and it increased thereafter 
significantly in crossbred cows (Yadav et al. 2019).

During the study, the mean serum ALT levels of 
group G1 and G3 were found to be significantly different 
(p<0.05) from group G2 and G4. The present findings are in 
agreement with the previous reports (Kaneko et al. 1997). 
On the contrary, Yadav et al. (2019) reported lowest value 
of ALT was recorded on the day of parturition, followed 
by a significant increase from day 3 onwards, reaching 
the highest value on day 45 of the peri-partum period. 
However, in the present study, a non-significant increase in 
the mean serum ALT levels on different days of treatment, 
but these levels were within the normal reference range, 
indicating a healthy liver. The mean serum ALP levels 
did not exhibit significant differences across the groups 
and on different days of treatment, which indicates stable 
liver function without significant differences in all treated 
groups. In contrast to the present study, Yadav et al. (2019) 
recorded ALP significantly increased (p<0.05) on the day 
of parturition, which decreased significantly (p<0.05) after 
parturition from day 3 onwards reaching the lowest value 
on day 45 in crossbred cows.

Similarly, the mean serum TP levels in group G2, G3 and 
G4 showed a non-significant increasing trend from day 0 
to day 15. This variation in TP levels on different days of 
treatment might be attributed to metabolic stress during 
parturition. The findings of the present study corroborate 
with the latest findings of Mohammed et al. (2021).

 The mean serum albumin level of G1 was recorded to 
be significantly different (p<0.01) from G2, G3 and G4. On 
the contrary, non-significant differences in mean serum 
globulin levels were recorded and are in agreement with 
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Table 4. Changes in calf weight and milk yields in different treatment groups at different days of treatment

Sl
. N

o.

Tr
ai

t Day 0 Day 7 Day 15

Si
gn

ifi
ca

nc
e 

le
ve

l

G1 G2 G3 G4 G1 G2 G3 G4 G1 G2 G3 G4

1 CW 
(kg)

24.353 
±0.882 

e

26.192 
±1.055 

bcde

24.752 
±0.834 

de

24.785 
±0.650 

de

25.023 
±0.894 

cde

27.253 
±1.081 

abcd

25.858 
±0.843 

bcde

25.803 
±0.675 

bcde

26.267 
±0.895 

abcde

28.988 
±0.980 

a

27.947 
±0.828 

ab

27.748 
±0.691 

abc
**

2 MY 
(kg)

3.950 
±0.304 

e

5.167 
±0.441 

de

5.400 
±0.473 

d

4.817 
±0.375 

de

5.333 
±0.459 

d

7.283 
±0.277 

c

7.950 
±0.528 

bc

7.150 
±0.208 

c

7.133 
±0.406 

c

9.050 
±0.496 

ab

9.917 
±0.651 

a

9.350 
±0.316 

a
**

Means with different superscript letters differ significantly (p<0.05) from one another in a row; NS: Statistically non-significant at 
p>0.05; *: Statistically significant at p<0.05; **: Statistically highly significant at p<0.01; CW= Calf weight; MY= Milk Yield.

the reports of Jhambh et al. (2016) in dairy cows and fall 
within the normal reference range. The globulin fraction 
was lower than the albumin fraction in contrast to Magnus 
and Lali (2009). Benjamin (1978) opined that a higher level 
of globulin in serum is an indicator of bacterial infection. 
The mean albumin to globulin ratio (A:G) of cows in G1 
(control) was significantly different (p<0.01) from G2, G3 
and G4 but non-significantly different on different days of 
treatments. These findings are in collaboration with the 
reports of Jhambh et al. (2016) in dairy cows. Magnus and 
Lali (2009) stated that the A:G ratio should be equal in 
normal animals. The altered A:G ratio in this study might 
be due to parturition related stress and activities.

In this study, the mean serum BUN profiles did not 
exhibit significant differences among the groups and 
on different days of treatment indicate no significant 
renal function impairment due to the treatments. Many 
researchers have reported serum urea to be influenced by 
diet and as an indicator of total protein intake in Egyptian 
buffaloes (Ashmawy 2015). However, the serum BUN 
levels recorded in the present study were within the normal 
reference range and are in accordance with the reports by 
Radostitis et al. (2007). However, the differences in mean 
serum creatinine levels were non-significant on different 
days of treatment but significant among groups. The present 
findings are in agreement with the results of Ashmawy 
(2015). The mean serum creatine kinase levels reduced 
significantly (p<0.01) on different days of treatment among 
the groups and across G2, G3 and G4 from day 0 to day 7 
and further from day 7 to day 15 (Table 2). These findings 
are in accordance with the reports of Al-Watar et al. 
(2021), who reported increased creatine kinase levels due 
to cellular damage and inflammatory processes. The higher 
levels of creatine kinase on pre-treatment days might be 
due to the separation of placenta and associated tissue 
damage and inflammatory changes during parturition. 
However, the reduction in mean creatine kinase levels in 
all treatment groups might be attributed to the reduction 
in stress associated with parturition following treatments.

The differences in mean blood glucose levels were non-
significant between the groups and days of treatments. 
These findings are similar to the findings observed by 

Ashmawy (2015) in Egyptian buffaloes. The mean blood 
cholesterol values of cows in G2 and G3 varied significantly 
(p<0.01) with G1 and G4 and days of treatment perhaps due 
to adjustments in physiological processes. These findings 
are as per with the study of Jambh et al. (2016), which 
reported higher cholesterol values in lactating cows and 
buffaloes.

Changes in haematological and physiological 
parameters: The changes in various haematological and 
physiological parameters at different time intervals in different 
treatment groups are given in Table 3. The non-significant 
differences in the mean blood Hb, TLC, neutrophils, 
monocytes and basophils levels but significantly different 
(p<0.01) PCV, TEC, lymphocytes and eosinophils profiles 
were found among the different groups. The blood Hb, PCV, 
TEC, neutrophils, lymphocytes, monocytes, eosinophils 
and basophils profiles were significantly different (p<0.01) 
on different days of treatments. These findings are in 
agreement with the observations of Reddy et al. (2018) in 
parturition-stressed buffaloes. 

Haematology revealed the elevated levels of Hb, TEC, 
PCV and neutrophil counts in treated groups (G2, G3 
and G4) than control group (G1) in day 15 of treatment. 
This increase in mean TEC might be due to increase in 
erythropoiesis in the treated groups. The present findings 
are in accordance with the previous report of Sivajothi et 
al. (2018), who reported an elevation in total erythrocyte 
count in the treated group of buffaloes, which had a role in 
the development of immunity. Non-significant differences 
in physiological parameters viz. rectal temperature, heart 
rate and respiration rate were observed (Table 3). However, 
there was significant difference (p<0.05) in terms of heart 
rate on different days of treatment. These findings are in 
accordance with the reports of Reddy et al. (2018).  

Changes in placental weight at parturition: The average 
weights of placenta among all groups at parturition showed 
no significant difference, which aligns with the findings of 
Vijayakumar et al. (2019) in crossbred Jersey cows. Cows 
in treatment group, G4 exhibited highest average placental 
weight (2.570±0.032 kg) among all groups at parturition, 
followed by G3 (2.568±0.063 kg), G2 (2.527±0.071 kg). In 
contrast, cows in G1 exhibited the average placental weight 
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of 2.507±0.078 kg at parturition. 
Changes in calf weight and milk yield: Though, non-

significant differences were recorded in mean calf weights 
among all groups at parturition. G2 had slightly higher 
average calf weight as compared to the other groups (Table 
4). This finding is in agreement with the observation of 
Vijayakumar et al. (2019) in crossbred Jersey cows. At day 
15 of treatment, the mean differences in calf weight among 
groups (p<0.01) became more pronounced in the present 
study as compared to day 0 and day 7 indicating positive 
impact of herbal treatment on calf weight during the study 
period. 

The average milk yield varied significantly among 
different animal groups and on days of treatment (p<0.01). 
However, the interaction effect between the groups and 
days of treatment did not exhibit significant differences. 
Interestingly, cows in G3 consistently had the highest 
milk yield across all days (Fig. 1). Most groups, except 
G1 (untreated control group), exhibited higher average 
milk yield than the observed grand mean of milk yields, 
particularly on day 7 and day 15 of treatment, indicating 
an overall improvement in milk yield in the groups treated 
with polyherbal anti-stressors. 

As the treatment days advanced the biochemical 
parameters and/or stress markers estimated in serum such 
as cortisol, GPx, TBARS, creatine kinase, cholesterol levels 
were found to be significantly decreased while, haemato-
biochemical parameters viz. TEC, Hb, PCV, serum sodium 
and potassium levels and neutrophil counts were found to 
be significantly increased in treatment groups (G2, G3 and 
G4) as compared to control (G1) group (Table 2 and Table 
3). Interestingly, the treatment groups showed significantly 
higher milk yields as compared to the control group (Fig. 
1), indicating the efficacy of these treatments in improving 
dairy cow productivity during the peripartum period. 

The polyherbal product Restobal® (M/s Ayurvet 
Limited, India) used in the present study contains several 
herbal ingredients viz., Ocimum sanctum, Phyllanthus 
emblica, Mangifera indica and Withania somnifera. 

Whereas, the polyherbal product ExaparTM Liquid (M/s 
Ayurvet Limited, India) used in this study contains Aloe 
barbadensis, Aristolochia indica, Citrullus colocynthis, 
Cyperus rotundus, Caesalpinia bonducella, Desmodium 
gangeticum, Gardenia gummifera, Gloriosa superba, 
Gossypium herbaceum, Inula racemose, Leptadenia 
reticulata, Lepidium sativum, Plumbago zeylanica, 
Peganum harmala, Piper longum, Rubia cordifolia, 
Saraca indica, Tribulus terrestris and Uraria picta. 
Additionally, the polyherbal product Ketoroak® Liquid 
(M/s Ayurvet Limited, India) contains ingredients like P. 
niruri (Bhuiamlaki), Tephrosia purpurea (Sharpunkha), 
Asparagus racemosus (Shatavari), Glycyrrhyza glabra 
(Mulethi). In contrast, the polyherbal product Stenot Liquid 
(Natural Remedies Pvt. Ltd., Bengaluru) used in this 
study possess key ingredients such as tulsi, ashwagandha, 
guduchi, amalaki, vidari, amra, and silajatu. 

O. sanctum has been used as traditional remedy against 
stress since many decades in India (Ravindran et al. 2005; 
Bathala et al. 2012; Saxena et al. 2012). P. emblica contains 
polyphenols that protect cell constituents from oxidative 
damage through potent free radical scavenging. It has 
defensive antioxidant mechanisms and increases the levels 
of glutathione, antioxidant capacity, and the activities of 
super oxide dismutase, catalase, glutathione peroxidase, 
glutathione reductase, and glutathione-S-transferase (Saha 
and Verma 2015; Barbosa et al. 2020). M. indica possesses 
antioxidant, immunomodulatory, anti-allergic, anti-
inflammatory, antitumor, antidiabetic, lipolytic, anti-bone 
resorption, monoamine oxidase-inhibiting, antimicrobial 
and antiparasitic properties (Shah et al. 2010). W. somnifera 
have antistress, anti-inflammatory, antioxidant, antitumor, 
antipyretic, immunomodulatory and hemopoetic properties 
(Anju 2011; Kalra and Kaushik 2017). Restobal® liquid 
(M/s Ayurvet Limited, India) has been used as supportive 
therapy against the vaccination stress in buffaloes (Sivajothi 
et al. 2018), parturition stress in buffaloes (Reddy et al. 
2018) and heat stress in Gir cows (Bhamare et al. 2022b).

The herbal ingredients of Exapar Liquid viz. Aloe 

Fig. 1. Average milk yield (in kg) of different animal groups estimated at different days of treatment 
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barbadensis and Gloriosa superba among others 
possess antibacterial, antifungal, anti-inflammatory, 
immunomodulatory, antioxidant, and healing properties 
(Jadhav et al. 2020). Piper longum, Tribulus terrestris 
and Cyperus rotundus are well known for their potent 
anti-inflammatory activity (Hussain et al. 1992). Uraria 
picta, Tribulus terrestris, Plumbago zeylanica and 
Leptidium sativum are scientifically proven to have 
adaptogenic and immunomodulatory properties (Satyavati 
et al. 1987). Koppad et al. (2009) reported that Exapar 
Liquid significantly improved the local immune response 
in animals, as evidenced by a significant increase 
in total immunoglobulins, phagocytic response and 
polymorphonuclear cells. Khanna et al. (1997) observed 
that Exapar Liquid is effective in improving the reproductive 
health of buffaloes by promoting the early expulsion of the 
placenta, facilitating uterine involution, reducing the period 
of postpartum anestrus, and improving conception rates. 
Phyllanthus niruri has an anti-oxidant property (Harish and 
Shivanandappa 2006) and has been used in the treatment 
of ketosis.Thakur and Bigoniya (2014) had reported that 
increase in milk yield may be attributed to the anti-oxidant 
and free radical scavenging properties of Phyllanthus 
niruri. Manjekar et al. (2008) also reported increased milk 
yield following recuperation from ketosis attributable to 
the hepatoprotective effect of Phyllanthus niruri. In the 
Ayurvedic system of medicine, Asparagus racemosus has 
been extensively used for the treatment of stress-related 
immune disorders and to improve general health. Bakshi  
et al. (2004) reported galactagogue properties of Asparagus 
racemosus while Glycyrrhyza glabra has antidepressant 
and anti-stress properties (Trivedi and Sharma 2011). 

The anti-stressor preparations used in the present study 
had herbal ingredients with many beneficial effects such as 
anti-stress, antidepressant, anti-inflammatory, antioxidant, 
immunomodulatory, anti-allergic, antimicrobial, antiparasitic, 
hepatoprotective and galactagogue properties, etc. Moreover, 
the results of the study indicated that indigenous polyherbal 
preparation Restobal® (M/s Ayurvet Limited, India) or 
Stenot (Natural Remedies Pvt. Ltd., Bengaluru) can be used 
as supportive therapy in the management of parturition 
stress in crossbred dairy cows during peripartum period.

In conclusion, the findings of the present study provided 
an idea that the animals during transition period of parturition 
suffer from severe stress altering various haematological, 
blood biochemicals and physiological parameters, which 
can be ameliorated using ayurvedic supplements. Earlier 
recovery might enhance the milk production and hasten the 
subsequent attainment of postpartum ovarian rebound in 
crossbred dairy cows. 
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