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Abstract

Ghungroo pigs are notable local genetic resource for minimal input production systems in the eastern Sub-Himalayan
region of India’s West Bengal state. The pre-weaning mortality rate of Ghungroo piglets was lower compared to non-
descript native, purebred and crossbred pigs, and the present review aimed to find out some salient features of neonatal
Ghungroo piglets for their lower mortality rates. Ghungroo piglets are able to maintain their body temperature upto 2
months without any artificial thermoregulatory support. The hemoglobin concentration of neonatal Ghungroo piglets
was higher compared to crossbred piglets. Ghungroo piglets were able to maintain steady blood glucose and total protein
concentration till the weaning without affecting liver functions. Increased plasma cortisol soon after weaning provides
additional metabolic support to maintain steady glucose level. Ghungroo piglets maintain the total antioxidant status

from 4" to 7" week after birth with higher lymphocyte proliferation response.
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Highlights

® Ghungroo piglets are able to maintain their body temperature up to 2 months without any artificial

thermoregulatory support.

e The hemoglobin concentration of neonatal Ghungroo piglets was higher compared to crossbred piglets.
® Ghngroo piglets are able to maintain steady blood glucose and total protein concentration till weaning without

affecting liver functions.

e Increased plasma cortisol soon after weaning provides additional metabolic support to maintain steady glucose level.
e Ghungroo piglets maintain the total antioxidant status from 4" to 7 week after birth with higher lymphocyte

proliferation response

INTRODUCTION

The morbidity and mortality of neonatal piglets are
of great concern for the pig industry. Approximately
15-20% mortality of newborn piglets was reported
worldwide at the time of farrowing and early lactation
despite of good husbandry system (Baxter and Edwards,
2018). The selection pressure to create highly prolific
sow line was reported to be the main predisposing factor
for neonatal death due to stillborn piglets with lack of
energy reserve, impaired thermoregulation and crushing
by the sow (Edwards and Baxter, 2015; Edwards et al.,
2019). Therefore, the neonatal period is considered as
one of the critical period during which all the adaptation
processes related to transition from intrauterine to
extrauterine life is going to happen (Zavalishina,
2018*%). The high metabolic demands during the
accelerated growth phase can only be met with adequate
energy reserves. Therefore, the piglets with poor energy
reserve are most vulnerable to mortality during birth

and the early post-natal period (Farmer and Edwards,
2022). Ghungroo is a native pig breed of eastern Sub-
Himalayan region of the state of West Bengal, India (Pan
et al., 2005) and is a valuable local genetic resource
suitable under a low input production system (Boro
et al., 2021). High fecundity, body weight gain, feed
conversion ability and early maturity are important
economic traits of Ghungroo pigs (Boro ef al., 2021).
Ghungroo pigs attain puberty at 6.48+0.24 to 7.8+0.41
months and become sexually mature at 9.39+0.32 to
6.255+0.144 months (Sahoo, 2012; Gokuldas et al.,
2015; Boro et al.,2021). According to Boro et al. (2021),
the age at first farrowing and farrowing interval of
Ghungroo pigs were 14.06+0.25 months and 6.93+0.24
months, respectively. He also documented the gestation
period of Ghungroo pigs was 113.22+0.49 days, and
birth weight and litter size were 0.97+0.01 kg and
8.22+0.46, respectively. A five year study on the
Ghungroo pigs under organized farming system revealed
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5.17% mortality rate (Mondal et al., 2023) which was
much lower than non-descript native, purebred and
crossbred pigs (Kumaresan et al., 2007; Boro et al.,
2021). The highest mortality was recorded during pre-
weaning period due to pneumonia, crushing,
hypoglycemia, debility, inanition, and enteritis (Mondal
et al., 2023). The present review encompasses physio-
biochemical, endocrine, antioxidant status and
immunity of neonatal Ghungroo piglets which can be a
very useful tool to monitor neonatal health status and
accordingly therapeutic and managemental
interventions can be made.

Physiological parameters

Physiological responses are the important parameters
to evaluate adaptation of an animal to a given
geographical location (Ribeiro et al., 2015). Studies have
reported that physiological parameters directly
influenced pre-weaning mortality in piglets and hence
helped to predict early loss (Trujillo-Ortega et al., 2007).
The newborn piglets are vulnerable to hypothermia due
to lack of body insulation and brown fat (Berthon et al.,
1996), whereas small number of sweat glands, thick layer
of subcutaneous fat and low body surface to body mass
ratio in adult pigs make more susceptible to heat stress
(Bracke, 2011). In piglets, the body temperature is
reported to decrease by 2-4°C at birth which gradually
normalizes to 39°C within 24-48 hours (Lossec et al.,
1998). Neonatal hyperthermia in piglets was reported to
be associated with blood glucose, glucagon, adrenaline,
noradrenaline and thyroid hormones, which were
increased as a compensatory mechanism to cope up the
hypothermia (Macari et al., 1986; Lossec et al., 1998).
But Ghungroo piglets are able to maintain their body
temperature upto 2 months (Nath et al., 2016; Lodh
et al., 2022) without any artificial thermoregulatory
support; however, reduction of mortality by 10.6% was
reported after artificial heat supplementation (Nath
et al., 2016). In a related study, Das, (2022) reported a
progressive decrease in body temperature from 4" to 10®
week in Ghungroo piglets. The pulse rate of Ghungroo
piglets was reported to be 65.75+1.99/min at 1* week,
57.00+1.99/min at 3" week, 68.73+1.99/min at 6™ week,
64.45+1.99/min at 9" week and 68.51+£1.99/min at 12
week (Lodh et al., 2022). A significant increase in the
pulse rate of Ghungroo piglets was reported during
weaning and continued up to 10" week (Das, 2022).
Studies have reported that pneumonia or respiratory
infections contribute to 14.3% death in piglets reared in
organized farm (Mondal et al., 2023). A decreasing trend
in respiration rate of Ghungroo piglets was observed
from 1 (58.25+1.59) to 12" week (47.94+1.59) (Lodh
et al., 2022). But, much lower respiration rates

(84.62+1.47) were reported by Das (2022) in Ghungroo
piglets compared to the study of Lodh et al. (2022).

Hematological parameters

The hemoglobin concentration (g/dL) of Ghungroo
pigs were 10.54+0.48 to 14.84+0.46 from O to 90 days
(Hazorika et al., 2017; Das, 2022; Lodh et al., 2022),
which was higher than the reported values of crossbred
piglets (Thorn, 2010) and comparable with the local
Zovawk pigs of Mizoram (Mayengbam et al., 2014) and
Mali piglets (Paul ef al., 2020). The mean erythrocyte
counts (X 10%uL) of Ghungroo piglets were found to be
3.96+0.25 at 1" week which increased significantly up
to 18" week (7.12+0.25) (Das, 2022; Lodh et al., 2022).
The packed cell volume (%) was higher during the first
week of life and gradually declined up to 18" week.
Lodh et al. (2022) documented total leukocyte counts
(X 10%/uL) of Ghungroo piglets were 10.8+0.31 (1" week)
to 12.2+0.31 (12" week), which were comparable with
crossbred piglets (Thorn, 2010). Among the erythrocyte
indices, mean corpuscular volume was higher during 1*
week and gradually declined upto 18" week (Das, 2022;
Lodh et al., 2022). In Ghungroo piglets, higher total
leukocyte count (TLC) was reported immediately after
weaning but remained stable till 9" week of age (Lodh
et al.,2022). The lymphocytes and monocytes were also
higher around the weaning period (Lodh et al., 2022).

Blood biochemical profile

Blood glucose concentration in newborn piglets was
one of the main determining factors for the survival of
newborn piglets. Piglets with higher blood glucose
concentration (45-162 mg/dL) had a significantly lower
mortality rate compared to the piglets with low (24 - 30
mg/dL) blood glucose concentration (Panzardi et al.,
2013). Ghungroo piglets were able to maintain a steady
blood glucose concentration till the weaning. The blood
glucose concentration of Ghungroo piglets was reported
tobe 96.9+6.87 and 111.1+ 6.87 mg/dL during 1* and 3
weeks after birth. But a declining trend was reported from
6" week onwards due to weaning (Lodh et al., 2022). The
said values were 71.5+6.87, 64.8+6.87 and 52.7+6.87,
68.10+2.27 and 75.13+2.27, respectively for 6%, 9 12t
14" and 18" week (Das, 2022; Lodh et al., 2022). Neonatal
hypogammaglobulinemia is common in piglets due to
poor transfer of maternal immunoglobulins in utero which
is compensated by colostrum feeding within 24 to 36
hours after birth (Butler, 1999). But, the total protein
concentration of Ghungroo piglets was consistent during
I*'to 12" weeks after and ranged from 9.17+0.47 g/dL to
7.91+0.47 g/dL (Das, 2022; Lodh et al., 2022), but a
significant drops in globulin concentration and higher
albumin:globulin ratio were reported after weaning (Lodh
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et al., 2022). Plasma cholesterol concentration of
Ghungroo was highest on the 1* week after birth and then
declined significantly till 9" week of post-natal life (Lodh
et al., 2022). Much lower cholesterol level was reported
from 10" week onwards till 18" week of post-natal period
(Das, 2022). The liver enzymes, namely alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) were reported to remain unchanged from birth to
18" week of age in Ghungroo piglets (Das, 2022). In a
related study, Nath et al. (2016) reported lower AST and
ALT levels in Ghungroo piglets exposed to the artificial
heat source.

Endocrine parameters

The cortisol concentration was reported to follow a
declining trend with the advancement of age in piglets
due to increased binding of cortisol with corticosteroid-
binding globulin (CBG) (Kattesh et al., 1990; Grant
et al., 2017). Weaning stress increased plasma cortisol
levels with increased expression of StAR and
steroidogenic enzyme mRNA levels to contribute higher
plasma cortisol (Li et al., 2016) and remained elevated
till 7-day post-weaning period (Moeser et al., 2007). The
concentration of plasma cortisol in Ghungroo piglets was
studied from 1* week to 12" week, and the values were
2.45,2.68,2.85,3.21 and 3.56 mmol/L during 1*, 3", 6,
9" and 12" weeks of age (Lodh et al., 2022). In a related
study, Das (2022) found plasma cortisol concentrations
as43.17,46.91, 42.68, 38.40 and 35.05 ng/mL during 4™,
7%, 10" 14" and 18" week. The age related changes in the
plasma and salivary cortisol level were reported in pigs,
and the pattern showed an initial increase followed by a
declining trend with the advancement of age (Kirkwood
et al., 1987; Ruis et al., 1997). de Jong (2000) studied
about cortisol concentration in relation to age in crossbred
pigs and found that the cortisol concentration increased
with the advancement of age upto 15" weeks and then
gradually declined to the baseline at 22™ week of age. A
decrease in the basal cortisol concentration was reported
between 12" and 24" week of age in crossbred pigs (Evans
et al., 1988; Ruis et al., 1997). In a related study,
Heimbiirge et al. (2020) reported decreased concentrations
of hair cortisol in crossbred piglets from 10" to 27" week
of age. The decreased cortisol level at this age may be due
to increased binding of cortisol with corticosteroid-
binding globulin (CBG) which gradually increases after
6" week of age (Kattesh et al., 1990; Grant et al., 2017).
Additional supplementation of heat to newborn Ghungroo
piglets had no effect on plasma cortisol and thyroid
hormone level (Nath ez al., 2016). The thyroid hormones,
thyroxine (T,) and triiodothyronine (T,) play significant
roles in metabolic activity, growth and production
performance in many species including pigs (Todini ez

al., 2006; Lkhagvadorj, 2010; Medrano and He, 2016).
The growth promoting effects of T3 and T4 include energy
homeostasis, skeletal development (Bianco and
McAninch, 2013; Salvatore et al., 2014), increase in feed
conversion efficiency and protein accumulation in
muscles (Neubert et al., 1999). The highest concentration
of T, and T, were reported in newborn piglets, which
followed a declining trend with the advancement of age
(Paulikové et al., 2011). T3 (ng/mL) concentration in
Ghungroo piglets was reported to be 9.17, 7.07, 7.03,
11.16 and 6.09 ng/mL during 1%, 3%, 6", 9" and 12" weeks
of age (Lodh et al., 2022), but in a related study, Das
(2022) found less value of plasma T, in Ghungroo piglets
from 1.79 and 1.14 ng/mL during 4™ and 18" week of age.
The thyroxine concentration from birth to 9" week of age
were 44.5, 48.2, 38.5, 39.7 and 29.6 pg/dL in 1%, 3, 6,
9" and 12" weeks of age (Lodh e al., 2022).

Antioxidant status

Excessive free radicals are accumulated at the time of
birth in piglets due to poor activity of antioxidant enzymes
like glutathione peroxidase (GSH-Px) and superoxide
dismutase (SOD) (Hao et al., 2021). The activity of GSH-
Px and SOD increased significantly on day 7 after birth
(Hao et al., 2021). It was further confirmed by the study of
Yin et al. (2013), which reported higher blood lipid
oxidation product malondialdehyde (MDA) as a measure
of oxidative stress at birth which decreased significantly
on day 7 after birth in piglets. Weaning also induces
oxidative stress in pigs (Hao et al., 2021). A significant
increase in the blood MDA concentration and protein
hydroxyl (marker of protein oxidative damage) were
reported immediately after weaning in piglets (Luo et al.,
2016). Studies have confirmed that activity of GSH-Px and
SOD were decreased at weaning (Shin et al., 2018) with an
increased level of oxygen free radical hydrogen peroxide
(H,0,)in liver (Luo et al., 2016). But, in Ghungroo piglets,
the total antioxidant status remained higher from 4% to 7
weeks after birth and then gradually declined up to 18"
weeks (Das, 2022). Supplementation of dietary turmeric
and lemon essential oil significantly improved total
antioxidant status after 10" weeks of age (Das, 2022).

Immune status

The newborn piglets acquire sufficient immune
competence in terms of innate immunity, but the
adaptive immune response is poorly developed as the
placenta does not allow the transfer of maternal
antibodies to fetus (Sinkora and Butler, 2009). Apart
from the nutritional support, colostrum provides
maternal antibodies, immune cells and antimicrobial
proteins that induce immune tolerance. The antigenic
stimuli from environment and commensal microbial flora
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activate T and B lymphocytes along with mucosal
immune cells (Sinkora and Butler, 2009; Azizi et al.,
2022). But limited literatures were available about the
immune status of Ghungroo pigs. In our laboratory, we
evaluated in vitro phagocytic activity (PA) of
neutrophils and mitogen induced in vitro lymphocyte
proliferation response (LPR) from birth to 18" weeks in
Ghungroo piglets, and the highest phagocytic activity
was found around 9" weeks, whereas, LPR was highest
on 3“weeks after birth (Das, 2022; Lodh er al., 2022).

Conclusions
The Ghungroo piglets have some unique physio-
biochemical, endocrine and immune features that make
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