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ABSTRACT

The present study was carried out to assess the effect of rearing systems, breeds, number of pregnancies, and 
frequency of multiple births on physiological oxidative stress markers (OSMs) in indigenous goat breeds of Andaman 
and Nicobar Islands, India. Does (n=98) with more than one kidding record maintained in the organized goat breeding 
farm and at the farmer’s field were selected for the study. Pregnancy records were grouped as more than or less than 
three pregnancies. Breeds were grouped such as Andaman local goat (ALG) and other indigenous goat breeds. Birth 
frequency was grouped as single and multiple births. Oxidative stress markers such as malondialdehyde (MDA), 
superoxide anions, and nitric oxide were analysed in blood serum with respect to the different experimental variables. 
The free radical superoxide and endogenous nitrite values concerning the breed, multiple birth frequency, number 
of kidding, and rearing systems were non-significant. Lipid peroxidation through TBARS and nitrate values for the 
breed, multiple birth frequency, and rearing system were non-significant. However, the pregnancy-wise TBARS 
and nitrate concentration were significant. Estimates of TBARS were significantly high in the animals with lesser 
pregnancies (1-3 kidding) while nitrate concentration was significant in higher pregnancies (> 3 kidding). This study 
revealed that these experimental variables had considerable effects on OSMs in goat breeds under the hot humid 
tropical island ecosystem of Andaman and Nicobar Islands. 
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Andaman and Nicobar Islands (ANI) is an archipelago 
with a hot humid climate (Inbaraj et al. 2017) having two 
indigenous goat breeds such as Andaman local and Teressa 
goats (Sunder et al. 2016). Reactive oxygen species (ROS) 
are generated during the normal oxygen metabolic process 
and are formed as a byproduct of aerobic metabolism (Wang 
et al. 2017). Decreased antioxidant levels and increased 
ROS production induces oxidative stress (Halliwell. 2006). 
Free radicals are two types: ROS [includes superoxide 
(O2•-), hydrogen peroxide (H2O2), and hydroxyl (OH•)] 
and reactive nitrogen species [NOS - includes nitric oxide 
(NO) and nitrogen dioxide] (Agarwal et al. 2005). Nitroblue 
tetrazolium (NBT) compound measures indirectly the 
amount of ROS generated in cells like oocytes, cumulus 
cells, or embryos (Javvaji et al. 2020), leukocytes, and 
spermatozoa (Esfandiari et al. 2003). NO is a gaseous 
radical generated from L-arginine to yield L-citrulline and 
NO by Nitric oxide synthase (NOS) enzymatic catalysis 
(Dede et al. 2002). NO is an endogenous smooth muscle 
relaxant and has a role during the pregnancy of mammals 

for the flow of blood to the uterine and fetoplacental unit 
(Abdel-Ghani et al. 2016). It is considered a gold-standard 
angiogenic marker (Abdel-Ghani et al. 2016). The unstable 
NO is immediately oxidized into stable NO2 (nitrite) and 
NO3 (nitrate). Thus monitoring the level of the two end 
products through a spectrophotometer gives the total nitric 
oxide values (Moshage. 1997). 

ROS damages lipids present on the membrane as 
polyunsaturated phospholipids during the process of 
lipid peroxidation. Malondialdehyde (MDA) reacts 
with thiobarbituric acid and produces a red pigment as 
thiobarbituric acid reactive substances (TBARS) which is 
measured through UV-absorbance (Adenkola et al. 2018). 
It is considered the best predictor of ROS that causes lipid 
peroxidation (Georgieva 2005). During the pregnancy 
period, the energy metabolism is upregulated and necessary 
production of ATP for foetal growth is inevitable. As 
the process proceeds, huge production of ROS in foetal 
and placental mitochondria was observed. Increased 
MDA level in placentomes, hypothesized the occurrence 
of oxidative stress (Mutinati et al. 2013); further, the 
level increases proportionally to the number of foetuses 
during pregnancy (Gür et al. 2011). In ruminants, MDA 
has been widely used as a stress marker in many studies 
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like pregnant and non-pregnant ewes (Erisir et al. 2009), 
pregnancy and foetal number effects (Gür et al. 2011), 
pregnancy and nutrition influence (Nawito et al. 2016) and 
in different reproductive stages of does (Jimoh et al. 2019). 
Specifically MDA level has been measured in ALG under 
walking stress period (Perumal et al. 2019). Therefore the 
present study was designed to assess the oxidative stress 
markers status in different breeds and their rearing systems 
(farmers flock versus farm), kidding number (1-3 versus 
3-6), and multiple birth frequency (high versus low). 

MATERIALS AND METHODS

Experimental animals and sample collection: The 
present study was conducted at an organized goat breeding 
farm and unorganized goat farms under a farmer’s field, 
Andaman and Nicobar, India. The goats were maintained 
in the semi-intensive system where they were allowed for 
grazing from 0700 to 1200 h, and fed with commercially 
available concentrate pellets @250-300 g/day/animal 
mixed with a mineral supplement, AGRIMIN® (Virbac, 
India). Data from a total of 98 non-gravid does belonging 
to Andaman local goats and other admixtures with more 
than one kidding record were grouped based on their 
multiple birth frequency which was calculated by dividing 
the number of kidding having multiples (twinning/triplets) 
to the total number of kidding. All the procedures were 
followed after the ethical approval of the Institute Animal 
Ethics Committee (IAEC) as per the Committee for the 
Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA) guidelines. Blood samples were 
collected aseptically from the jugular vein and the serum 
was separated by centrifugation at 6000 rpm for 30 min and 
stored at -80°C until further analysis.

LPO, NBT and NO assays: The level of lipid 
peroxidation was estimated using Thiobarbituric 
acid reactive substance assay (TBARS) (EZAssayTM, 
CCKO23, HiMedia Pvt Ltd, Mumbai, India) through 
malondialdehyde (MDA) substance. Superoxide anion 
(•O2

-) was estimated by spectrophotometric nitroblue 
tetrazolium (NBT) reduction assay as described (Verma 
et al. 2020) with minor modifications. NO assay was 
performed as per manufacturer instructions (EZAssayTM 
Nitric Oxide estimation kit, CCK061, HiMedia Pvt Ltd, 
Mumbai, India), for the determination of the nitrate and 
nitrite concentrations.

Data collection and statistical analysis: The stress 
markers data was analysed for outliers using the box-plot 
method and assessed for normality using Kolmogorov-
Smirnov and Shapiro-Wilk normality tests. All test 

data were normally distributed. Homoscedasticity of 
variance, tested using Leven’s test, was equal. Data were 
expressed as mean±S.E.M. A p-value≤0.05 was considered 
significant. The effects of breed (Andaman Local goat 
vs other admixture), rearing condition (Farmers flock vs 
Farm flock), the effect of kidding number (1-3 vs 3-6), and 
multiple birth frequency (High and Low) were analyzed 
using the PROC GLM model of Statistical Analysis 
Software (SAS Institute Inc., Cary, NC, USA 2002). The 
following model was used for analysis:

Yijkl= µ+ Ai+ Pj+ Mk+ Jl +eijkl

Where, Yijkl , Antioxidant parameter of the doe; µ, overall 
mean; Ai, fixed effect of ith admixture group; Pj, effect of 
jth multiple_birth group; Mk, k

th effect of the management 
group; Jl, effect of lth kidding group; eijk, error fraction.

RESULTS AND DISCUSSION

The compiled results are presented in Fig. 1 and basic 
data is presented in the Table 1. The free radical superoxide 
and endogenous nitrite values with respect to breed, 
multiple birth frequency, and number of kidding and rearing 
systems were non-significant. Lipid peroxidation through 
TBARS and nitrate values concerning breed, multiple 
birth frequency, and rearing system were non-significant. 
However, the pregnancy-wise TBARS (p<0.05) and nitrate 
concentration (p<0.05) were significant. Estimates of 
TBARS were significantly high in the animals with lesser 
pregnancies (1-3 kidding) while nitrate concentration was 
significant (p<0.05) in higher pregnancies (> 3 kidding). 

ROS predominantly has superoxide anion which acts 
as a precursor for the generation of other radical species 
and a mediator for oxidative reactions. Thus monitoring the 
level of superoxide provides overall information on ROS 
status (Javvaji et al. 2020). NBT has been widely applied 
for the assessment of superoxide anion by relatively easy 
colorimetric tests. The specificity of NBT is based on the 
level of superoxide present intracellularly. Though NBT 
has been applied to analyse bovine serum fructosamine 
concentration (Megahed et al. 2018), assessment of 
the superoxide anion in cattle is not reported. Similarly 
in goats, the NBT application for the determination of 
superoxide was lacking; thus present study provides 
baseline data in relation to breed admixture, rearing system, 
parity (number of pregnancies/kidding), and multiple birth 
rate. The present study superoxide radical values were 
non-significant between the experimental groups in the 
experimental variables analysed.

During normal pregnancy, lipid peroxidation level was 

Table 1. Basic data on different stress markers on Andaman local goats

Marker Minimum Maximum Mean Std. Error CV
NBT (OD620) 0.9865 2.4795 1.8151 0.02673 0.13735
MDA (µM) 0.5819 2.1738 0.99442 0.02405 0.23699
Endogenous Nitrite (µM) 0 0.244 0.11846 0.00654 0.345
Nitrate (µM) 0 0.287 0.147 0.01011 0.42933
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higher in humans and rats (Erisir et al. 2009). MDA is 
known as an oxidative damage marker (Abd El Hameed 
et al. 2018). The results of present study were quite 
lower than the value of non-pregnant healthy Anatolian 
goats (1.43±0.48 nmol/ml) (Kizil et al. 2007). The MDA 
value of adult clinically healthy Iranian native goats from 
both sexes (0.346−0.801 μmol/L) (Nazifi et al. 2009) 
was described as a reference value. The study value was 
found slightly higher than the reference range. The lipid 
peroxidation with respect to breed, multiple birth frequency 
and rearing system were non-significant. But with parity 
(number of pregnancies or number of kidding), TBARS 
were significant (p<0.05) with 1-3 parity numbers. Study 
throughout the pregnancy period of Saidi goats, MDA level 
was non-significant during the first month of all singletons, 
twin, and multiple bearing goats. Whereas the level was 
found higher during 2nd, 4th and 5th months of pregnancy in 
twin and multiple bearing than in singleton goats (Abdel-
Ghani et al. 2016). In another study, multiple bearing does 
reported higher MDA levels than in singleton and non-
pregnant animals (Abd El Hameed et al. 2018). However, 
in this study, animals given singleton and multiple birth 
frequencies were similar and found non-significant. This 
may be because the present study estimated the base levels 

parameters of different oxidative stress markers in non-
gravid goats to use them as stress markers under different 
parameters studied while other studies used gravid and 
non-gravid animals that are at different stages of pregnancy. 
Hence, these findings indicate that the multiple-bearing 
goats and does at their initial pregnancies are under stress, 
especially at later stages of pregnancy, however estimating 
MDA levels in the non-gravid stage may not yield as useful 
marker for selecting them for multiple birth frequency.

Pregnant goats that were fed either concentrate or 
allowed for natural grazing had higher MDA levels than 
non-gravid goats (Nawito et al. 2016); however, the 
present values were lesser and non-significant between the 
rearing systems. The value of MDA in the present study for 
ALG and other breeds was lower than the earlier report in 
the indigenous goat breeds of ANI (Perumal et al. 2019). 
Similarly, the MDA value of the current study was lower 
than reported in the three different goat breeds Changthangi, 
Sirohi- and their Crossbred (Changthangi × Sirohi; 6.90 ± 
1.13 nmol/ml) (Kumar et al. 2019). In the present study, 
goats with 1-3 parity had significantly higher MDA does 
with >3 kidding history. The present study result can be 
compared with Dorset × Suffolk cross ewes that MDA level 
was found higher in 1st (4.02±0.13 nmol MDA/ml) and 2nd 

Fig. 1. Effect of different parameters on the serum levels of MDA, NBT, and NO in Andaman local goat breeds. Data were expressed 
as LSM±S.E.M. Significant at p<0.05 indicated by an asterisk.
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(3.69±0.13 nmol MDA/ml) parity than >4th (3.49±0.13 
nmol MDA/ml) parity (Rios et al. 2017). The findings of 
these studies indicate a significant influence of the parity 
number of the does on the MDA estimates. 

Nitric oxide (NO) plays a key role in vasculogenesis 
and angiogenesis which acts also as a uterine relaxant. 
Endothelial NO levels will be higher in the uterine artery as 
pregnancy proceeds (Xiao et al. 1999). During the pregnancy 
period, uteroplacental blood flow is increased up to 30-50 
fold for maintenance of the growth and development of 
the foetus (Vonnahme et al. 2005). It is also important for 
the development of follicles, ovulation, steroidogenesis, 
and luteolysis. Therefore during the gestation period, NO 
level has been increased in the blood of goats (Kumar et al. 
2012). Also, increased levels of arginine (a potential source 
of NO) are reported in the ovine uterine fluids (Kwon  
et al. 2003). However, the stability of NO is normally 5 sec 
(Lacasse et al. 1996) whereas nitrate and nitrite stability 
are longer which makes direct estimation difficult (Rosselli  
et al. 1994). Therefore measurement of these stable products 
provides the overall status of NO. In goat plasma, the 
reported level of NO ranged from 10.6 to 11.8 μM (Kumar 
et al. 2012). In this study, nitrate and endogenous nitrite 
concentrations were determined (Table 1). Their levels show 
no significant differences between breeds, rearing systems 
(farmers flock versus farm flock), parities (kidding number 
1-3 vs 3-6), and multiple birth frequencies (high and low). 
The only exception was levels of sodium nitrate estimated 
at different parity. It was significantly higher in goats with 
low parity (1-3) than more (>3) kidding/parity. In another 
study, parasite infested (7.25±1.31 and 1.52±0.39 µg/ml)  
goats had significantly higher nitrate and nitrite 
concentration than those in control groups (4.69±0.32 and 
1.64±0.19 µg/ml) (Dede et al. 2002). The findings of this 
study may only indicate that higher vascular and endothelial 
functions are expected in animals with higher parity. 

The lack of variation in the oxidative marker profiles 
between breeds may indicate a similar adaptive mechanism. 
In a previous report, a lack of breed-wise variation in 
the antioxidant profiles of these animals was reported 
(Alyethodi et al. 2022). This may be due to the geographical 
isolation of these breeds in this island ecosystem that may 
be acquired due to their prolonged inhabitation to this 
geographically isolated island and animal import is largely 
restricted here due to biosecurity reasons. The effect 
of the rearing system (Farm vs Field) did not yield any 
difference in their oxidative profiles. On the Institutional 
farm, the goats were reared under a semi-intensive system. 
Animals were allowed grazing and fed with commercially 
available concentrate pellets along with mineral mixture. 
At the farmers’ flock, the goats were maintained under the 
extensive system, neither concentrate feeding nor mineral 
mixture supplementation was practiced. Similar to the 
present findings, the levels of TBARS in goats reared under 
the semi-intensive and free-range system were reported 
non-significant (So-In, Charinya et al. 2023). The authors 
also report that rearing the goats in cages (intensive system) 

significantly increases the TBARS levels indicating higher 
oxidative stress on the animals. These findings indicate the 
importance of the provision of grazing to farm animals. 

Goats experience oxidative stress caused by superoxide 
anion and nitric oxides. The results of the present study 
revealed non-significant differences in the stress markers 
under studied variables except MDA and nitrate under the 
parity variable. Measurement of oxidative stress markers in 
goats of ANI was very scarce and their assessment is very 
crucial in the case of multiparous and multiple foetuses-
producing animals. The stress levels of goats are varied with 
the availability of feed, pastures, and climatic conditions. 
Therefore, assessment of oxidative stress markers can be 
very advantageous for mitigating stress through antioxidant 
supplements and their data can be used as baseline value for 
further studies. The findings of this study also indicate that 
young animals are more susceptible to oxidative stresses 
and higher parity may improve the vascular and endothelial 
functions of the uterus as indicated by higher nitric oxide 
levels. It is concluded that values of antioxidants in the 
study can be considered as baseline data for the ALG and 
other goat breeds of Andaman and Nicobar Islands and 
other islands or topographies with similar ecosystems for 
further studies. 
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