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1. INTRODUCTION

In India Domestic rabbit, Oryctolagus cuniculus is gaining market popularity
as a meat animal. Only recently, the nutritional attributes of rabbit meat has been
recognized and broiler rabbit rearing has become a promising enterprise in the present
day. In developing countries such as India, where enormous meat shortages exist, the
potential for rabbit production is greatest. Minimal investment and labor costs, easy
handling, high growth and fecundity rate and its highly profitable products makes

rabbit farming a source of subsidiary income to an average farmer.

At present rabbit meat has got a high degree of popularity as protein food.
Rabbits produce white meat that is fine-grained, high in protein (21%), low in lipid
(5%), highly palatable, and low in cholesterol (59mg/100g) (Combes, 2004). Back
yard rabbit rearing is an emerging enterprise in Kerala. The most important topic in
rabbit research is to improve the production taking into account the farmer
requirements, animal welfare and habitat. It is well known that rabbits are sensitive to
extreme environmental conditions, like high humidity (Marai ef al. 1994a) and high
temperature (Okab es al. 2008). Kerala being a coastal state has got a hot humid
climate. The most obvious limitation on rabbit production in Kerala is their

susceptibility to heat stress.

Numerous studies have been carried out on the effects of heat stress-in the hot
summer of Kerala and its alleviation in other animals. However no much work has
been carried out in rabbits to evaluate the effects of stress. A temperature of 21°C is
known as the "Comfort Zone" for rabbits (Marai et al. 1994). Relative humidity
recommended for 6ptimum performance of rabbits is 55+ 10 per cent (Prasanna et al.
2004) and temperature humidity index values above 27.8 results in heat - induced

physiological stress in rabbits (Marai ef al. 2002). Poor weight gains, impaired feed



conversion, increased disease incidence, decreased fertility and reduced reproductive
efficiency results as a consequence of heat stress all of which adversely affects the

production economics (Yamani and Khalil, 1994).

Alleviation of heat stress may be achieved by ameliorating the environmental
stress, reducing the animals’ heat production and or helping the animals’ to dissipate
the heat load. This includes physical, physiological and nutritional techniques (Marai
et al. 1994b). Supplementation with probiotics and ascorbic acid to alleviate heat
stress has been tried in chicken and found to be successful (Karthiayini, 2007 and
Chitra et al. 2008). Dietary supplementation of the probiotic, Lactobacillus sp. can
improve éverage daily weight gain and feed conversion ratio in New Zealand White
rabbits (Amber et al. 2004). Lactobacillus casei has got a protective role against a
toxin producing strain of Escherichia coli and increase the secretion of
immunoglobulin A (Ogawa et al. 2001). Ascorbic acid being an anti stress vitamin
can improve the growth performance during stress (Sayed and Shoeib, 1996).
Ascorbic acid appeared to stimulate the immune status in animals (Ansari et al.
1998). At higher temperatures it significantly decreased mortality rate in rabbits
(Skiivanova et. al. 1998).

Although studies on stress is voluminous on perusal of literature, reports on the
effects of stress due to season in rabbit production is scarce. Besides. the research on
the antistress effects of growth promoters is also scanty. As such considering the
importahce of stress responses and its impact on broiler rabbit production, the present

research work was envisaged with the following objectives.

1) To assess the physiological response to stress in broiler rabbits

2) To study the growth performance of rabbits during summer by the

supplementation of probiotic and ascorbic acid

3) Cost effectiveness of supplementing probiotic and ascorbic acid to rabbits.
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2. REVIEW OF LITERATURE

2.1 CLIMATE

India is located in the northern hemisphere 8° 4” and 37 6” north and
longitude 68 ° 7” and 97 ° 25” east and the climate in this region is described as

tropical monsoon type (Anon, 1975).

The season in India had been classified into winter (October to February),

summer (March to June) and rainy (July to September) ICAR 1977).

As per the study results of Kumar ef al. (2000) in semi arid region, the period
October to march was most suitable for rabbit production. Summer period (April to -
June) was extremely hot and dry (35°C to 46°C; Relative humidity 15 to 35 per cent)

and was unsuitable for rabbit production.

Relative humidity recommended for optimum performance of rabbits was 55+
10 per cent. Macro and micro climatic environment had an influence on productivity

of rabbits (Prasanna ef al. 2004).

2.1.1 Temperature humidity index

New Zealand White rabbits exposed to mild (temperature (14.98°C) and
Relative Humidity (60 per cent)) and hot (temperature (29.74°C) and Relative’
Humidity (84 per cent)) climatic periods recorded Temperature humidity index values
of 58.9 and 84.3 respectively indicating an absence of heat stress during the mild
climate and exposure of the animals to severe heat stress during the hot climate

(Marai et al. 1999).



Marai ef al. (2001) modified the formula of Temperature Humidity Index
(THI) for rabbits and was calculated as THI=db °C—[(0.31-0.31RH)(db °C-14.4)]
where db °C=dry bulb temperature in degrees Celsius and RH=relative humidity
percentage per 100. The values obtained are then classified as follows:
<27.8=absence of heat stress, 27.8-28.9=moderate heat stress, 28.9-30.0=severe heat

stress and 30.0 and more=very severe heat stress.

Temperature Humidity Index values of 18.5 during the mild climate and 33.9
in the hot climate period indicated absence of heat stress in the mild climate and

exposure of rabbits to very severe heat stress in the hot climate (Marai et al. 2004)

In hot and humid climate, a significant rise was recorded in hemoglobin
concentration, heterophil: lymphocyte (H: L) ratio in rabbits reared for a period of
five months from March to July in hot-dry to hot-humid conditions. Temperature
Humidity Index (THI) was below 80 in March (hot dry) which increased to 96 during
July (hot humid) ( Bothra et al. 2005)

Average temperature-humidity index (THI) values of 19.8, 18.0, 23.7 and
25.7 observed during autumn, winter, spring and summer, respectively in the rabbitry
in subtropical climate of Egypt, indicated the absence of heat stress during autumn
and winter (less than 22.2) and exposure to severe (more than 23.3) and very severe
heat stress (more than 25.6), during spring and summer, respectively (Marai et al.

2006)

According to Marai et al. (2007) Temperature humidity index values of 20.2
indicated absence of heat stress and and 30.1 indicated exposure of rabbits to very

severe heat stress in the latter case,

The humid tropical climate of the Southwestern Nigeria produced a higher

temperature-humidity index (33.82 in 90° oriented pens and 32.49 in pens skewed (45°)



to the direction of the north-east prevailing wind) that gave a high level of heat stress

for the rabbits. (Ogunjimi et al. 2008).

2.2 EFFECT OF CLIMATIC STRESS ON GROWTH PERFORMANCE OF
RABBITS

Suc et al. (1996) observed that the does in underground shelter in Vietnam
where the ambient temperature on an average was 3.8 °C lower and humidity 4.75
per cent higher in comparison with cages, were eight per cent heavier after two
months of study and gave birth to 39 per cent more offspring and weaned 60 per cent
more than that in cages. Survival rate upto weaning of offspring was improved by 16

per cent.

The hot and humid summer of Egypt reduced all parameters of economic
importance in rabbit production. Treatment of rabbits with shearing and/or chilled
drinking water significantly improved productive and reproductive traits and reduced
the effects of heat stress on thyroid, kidney and liver functions and thermoregulation.

(Abdel-Samee, 1997)

Most of the growth performance traits studied in New Zealand White rabbits
were inversely affected in summer. The decrease in each of the growth performance
and profit analysis traits during summer was mainly due to the decline in dry matter

intake. (Marai et al. 1999)

Exposure of growing, adult male and female rabbits to higher Temperature-
Humidity Index (THI) units as severe heat stress during summer adversely affected
their growth and reproductive traits and reduced the resistance to diseases. The
drastic changes that occurred in rabbits' biological functions were depression in feed

intake, feed efficiency and utilization, disturbances in metabolism of water, protein,



energy and mineral balances, enzymatic reactions, hormonal secretions and blood
metabolites. When exposed to THI 30 or more, rabbits could no longer regulate

internal temperature and heat prostration had set in. (Marai et al. 2002)

Raffa (2004) opined that temperature above 32°C induced heat stress in

rabbits. The greatest loss from heat stress occurred at a temperature of 35°C

Okab et al. (2008) studied that poor growth performance of rabbits under heat
stress was a result of the decrease in feed intake. High environmental temperature
stimulated the thermal receptors to transmit suppressive nerve impulses to the
appetite center in the hypothalamus causing the decrease in feed consumption. This

lead to less protein biosyntheses and less fat deposition, leading to lowered body gain

2.2.1 Body weight

In growing New Zealand White rabbits the exposure to hot humid summer
(temperature- humidity index was 84 + 2) resulted in significant decrease in daily

body weight gain by 24 per cent (Abdel-Samee, 1955)

High summer temperature of 27 °C and humidity 74 per cent led to a
significant reduction in daily live weight gain in young meat rabbits. The average
feed intake was significantly higher in winter compared to summer (36.1 versus
29.5g) in New Zealand White rabbits reared under hot environmental conditions

(Cheiricato ef al. 1993)

From weaning until 40 weeks, the live weight of the rabbits reared at high
temperature (30°C) was lower than those reared in conventional building, where the

temperature varied from 15 °C to 25°C (Pla ef al.1994)



Rabbits adapted to semi arid conditions by reducing their body weights and
thereby minimizing their heat loads. Young rabbits of meat breeds born in spring had

poor post weaning growth than born in autumn and winter season. (Gupta et al. 1995)

According to Kamra et al. (1996) Lactobacillus casei alone did not have any

significant effect on the daily body weight gain of rabbits

Rabbits reared in summer showed a reduction in final body weight, daily
weight gain, feed intake, final margin (financial return), weights of carcass and

kidney fat compared to those reared in winter (Ayyat and Marai, 1997)

Temperature of housing had a profound influence on performance and
mortality of rabbits. The average daily gain of rabbits housed in 6, 16 and 25 ° C was
30.8, 36 and 27.3g respectively (Skiivanova et al. 1998)

New Zealand White rabbits aged 35 days showed a decline in the final live
body weight and body weight gain (0-7 weeks) by 14.1 per cent and 21.4 per cent

respectively in summer compared to winter (Marai et al. 1999)

Gulyani ef al. (2000) reported that season affected the performance of rabbits
as there was a decrease in body weight during summer and increase during winter in

the semi arid region of Rajasthan in India.

In growing New Zealand White rabbits the final live body weight and daily
weight gain were significantly lower in summer (Temperature humidity index value
of 28.9 indicated severe summer stress) compared to the winter group maintained on

same diet and regime. (Marai ef al. 2001)



The reduction in live body weight and daily body weight gain due to heat-
stress conditions was due to the negative effects of heat-stress on appetite and

consequent decrease in feed consumption (Marai et al. 2004)

The subtropical hot conditions of Egypt induced significant decline in final
live weight and daily weight gain in five week old New Zealand and Californian male

weaned rabbits. (Marai et al. 2005)

Das et al. (2006) revealed that the range of air temperature in the rabbitry was
29.03°C to 37.80°C and range of relative humidity was 80.25 to 63.11 per cent. It was
found that average daily gain, dry matter intake and feed conversion ratio were

negatively correlated with both air temperature and relative humidity.

Heat stress caused significant decrease in the final body weight and daily
body gain in New Zealand White and Californian male weaned rabbits reared in the

subtropical environment of Egypt (Marai et al. 2008)

A high correlation between weight gain and thermal comfort level existed in
rabbits. The regression equation between rabbit weight gain and temperature
humidity index showed a strong relationship (WG = -2.6256(THI)* + 173.46(THI) -
2787.2) (Ogunjimi et al. 2008)

Okab et al. (2008) observed that body weight was affected by the season and

marked decreases were observed during summer compared with that of spring.

2.2.2 Feed efficiency

The impairment in production and reproductive performances in rabbits due to
heat stress resulted from disturbances in animals’ normal physiolbgical processes and
reduction in feed intake. (Abdel-Samee, 1955).



As per Das and Naik (1991) feed efficiency was negatively correlated with

both air temperature and relative humidity.

High summer temperature of 27°C and humidity 74 per cent led to a
significant reduction in daily intake and feed efficiency in young meat rabbits

(Chiericato et al. 1993).

Does maintained at 12 and 18°C showed similar feed intake during gestation
and lactation, while does maintained at 28°C showed a decrease, especially during
the first 21 days of gestation and from second to fifth weeks of lactation. A marked
depression in feed intake was always found in the group reared at 30°C (Fernandez et

al. 1994)

New Zealand White rabbits reared in hot summer of Egypt showed a decline
in the daily feed intake of 2.9 per cent compared to winter. The feed efficiency and
water intake were higher in summer than in winter by 23.6 per cent and 157.8 per

cent respectively. (Marai et al. 1999)

In growing New Zealand White rabbits the feed intake and digestability
coefficients of dry matter (7.9 per cent) and crude protein (8.1 per cent) were
significantly lower for the summer group compared to the winter group maintained
on same diet and regime Temperature humidity index value of 28.9 was observed in

summer indicating severe stress (Marai et al. 2001)

Supplementation of Lactobacilli improved digestibility of dry matter, crude
protein, ether extract and crude fiber in rabbits. Improved digestibility of crude fiber
in Lactobacilli supplemented rabbits was due to increase in the gut cellulolytic
bacterial population as a result to enhancing lactate utilization and moderating pH of
the media (Amber ef al. 2004)
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The subtropical hot conditions of Egypt induced significant decline in feed
intake in five week old New Zealand and Californian male weaned rabbits. (Marai et

al. 2005)

Rabbits reared in the humid tropical climate of the Southwestern Nigeria
showed a significantly higher feed efficiency in those pens where the Temperature

Humidity Index showed a more comfortable value. (Ogunjimi et al. 2008)

Lowest feed intake was recorded during the hottest parts of the summer in

hybrid Hyla rabbits when reared in summer in Italy (Bovera et al. 2008)

Heat stress caused significant decrease in daily feed intake of New Zealand
White and Californian male weaned rabbits reared in the subtropical environment of

Egypt (Marai et al. 2008)

2.3 EFFECT OF CLIMATIC STRESS ON PHYSIOLOGICAL RESPONSE OF
RABBITS

2.3.1 Rectal temperature and Respiration rate

Shafie et al. (1970) studied that the diurnal variation in body temperature of
rabbits varied within a very short range (0.2-0.3 °C).

Richards, (1976) stated that water loss by respiratory frequency increased

with increases in ambient temperature above panting threshold.

Dissipation of heat through respiratory water vapour was decreased by the

increase in ambient humidity (Lebas et al. 1986).
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As most of the sweat glands in rabbits are not functional and perspiration is
never great because of fur, the only controlled means of latent heat evacuation is by

altering the breathing rate (Marai ef al. 1991).

Finzi et al. (1994) reported that the average body temperature in rabbits goes
up from morning till night, while environmental air temperature goes up from
morning till noon then decreases at night, 'indicating that body temperature is not

affected instantly by changes in air temperature during the day.

Rabbits use general body position, breathing rate and peripheral temperature,
especially ears temperature, as three devices to modify heat loss. However,
respiration and ear are the most important dissipation pathways. In rabbits between
environmental temperature of 0 and 30°C, latent heat evacuation is controlled by

altering the breathing rate (Marai et al. 1994a).

Marai ef al. (1996) recorded a respiration rate of 108.5£1.4 in rabbits during
hot summer in Egypt.

Respiration rate and rectal temperature were higher by 4.33 per cent and 0.86
per cent respectively in New Zealand White rabbits reared in summer compared to

winter. (Marai et al. 1999)

The subtropical hot conditions of Egypt induced significant increase in
respiration rate and rectal temperature in 5 week old New Zealand and Californian

male weaned rabbits. (Marai et al. 2005)

Marai et al. (2007) observed that a high significant increase in
thermoregulatory parameters (respiration rate) and rectal temperature resulted due to

exposure of animals to severe heat stress.
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The physiological characteristics like rectal temperature and respiration rate
were higher for rabbits in those pens with higher Temperature humidity Index values
in the humid tropical climate of the Southwestern Nigeria. A low correlation existed
between rectal temperature and thermal comfort level in rabbits. The regression
equation between rectal temperature (RT) and temperature humidity index (THI)
showed a low relationship (RT = -0.0362(THI)* + 2.6417(THI) — 8.6967). While a
strong correlation between respiration rate and thermal comfort level existed in
rabbits. The regression equation between respiration rate (RR) and temperature
humidity index (THI) showed a strong relationship (RR = 0.5451(THI)? — 32.495
(THI) + 521.52). (Ogunjimi et al. 2008)

2.3.2 Estimation of glucocorticoids in stress

In hares, a small portion of glucocorticoids was excreted via the faeces and
measuring faecal cortisol metabolite could be used as a valuable tool for non-invasive

monitoring of disturbances in hares (Teskey-Gerstl ef al. 2000).

The peak of hormone secretion occurs towards the end of the dark period in
primates and other diurnal animals, whereas in primarily nocturnal animals like most
rodents and cats, there was a peak toward the end of the light period. Therefore it is
important to sample glucocorticoids at the same time of day if repeated measurements
are to be made on different days or if comparing different groups or populations of
animals. In species with a relatively long gut passage time (e.g., hind-gut fermenters)
it might be impossible to detect diurnal changes of circulating glucocorticoid levels in

the feces. (Touma, and Palme, 2005).
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2.3.2.1 Faecal cortisol

On intravenous administration of radioactive-labelled glucocorticoids (**C-
cortisol and *H-corticosterone) to hares, peak concentrations were observed in the
first urinary sample following infusion (13 + 6 h) and in the faeces with a delay of

about 1 day (23 £ 7 h) (Tesky — Gerstl et al. 2000).

Out of several potential predictor variables investigated, minimum ambient
temperature and snow were only factors exerting a significant- effect on fecal

glucocorticoid excretion (Huber et al. 2003).

Janicki et al. 2006 proposed that significant difference in faecal cortisol was

observed in stress during mating season in brown hare.

A significant increase in faecal cortisol metabolite concentrations was
measured in guinea pigs 8 hours after the injection of Adreno Cortico Tropic
Hormone. Peak concentrations were observed 18 h after the injection (Bauer ef al.

2008).
2.3.2.2 Serum Cortisol

Rabbits subjected to surgical stress via laparotomy showed an increase in

mean serum cortisol from 116.6 to 461.9 nmol per | ( Toft ef al. 1993)

Adult male Syrian hamsters when subjected to a psychological stressor like
social defeat (i.e., exposure to a dominant animal in that animal’s home cage) that
was either acute (i.e., a single exposure) or chronic (i.e., daily exposure across five

days) showed a significant increase in the serum cortisol concentration when
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compared to the control group. Serum cortisol values were determined in a single

Radio Immuno Assay (Jasnow et al. 2001)

The basal cortisol level in rabbits, determined by means of
radioimmunoassay, was equal to 5.31+0.87 micrograms per cent over a period of 10
to 2 p.m. The blood collection procedure (ear marginal vein dissection) increased the
cortisol concentration 30 minutes after blood collection by 19.4 per cent, i.e.

augmented its level up to 6.37+0.90 micrograms per cent (Morla et al. 1984)

Szeto et al. (2003) opined that Rabbits, maintained in a controlled laboratory
colony, secreted both corticosterone and cortisol in a circadian rhythm that peaked in
the afternoon and reached a lowest at 0600 h.. Although corticosterone peaked at
1800 h and cortisol at 1200 h, values of each hormone were not significantly different
at those two time points. Within the limits of the sampling rate of this study, it

appeared that both glucocorticoids reached maximal levels between 1200 and 1800h.

High serum cortisol concentration (mg/dl) of 19.33+0.88 was obtained in
summer when compared to winter (8.67+0.67) in New Zealand white rabbits
maintained under hot climate of Egypt. Serum cortisol was higher by 122.95 per cent
in summer compared to winter. Temperature humidity index value of 84.3 during the
summer, indicating exposure of the animals to severe heat stress during the hot
climate (Marai et al.1999).

2.4 DISEASE INCIDENCE DURING SUMMER SEASON

In rabbit farming season had influence in the incidence of the disease with
higher number of cases being noted in summer as amount of ammonia gas produced

during summer is generally greater than winter (Patton, 1984).
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The study by Devi et al. (1990) revealed that pasteurellosis and intestinal
coccidiosis were the major cause of death in rabbits. Highest mortality due to
pasteurellosis was seen during the period from March to June. Season wise mortality

revealed that it was highest in dry season and lowest in rainy season.

Nandakumar (1995) reported that exotic breeds like New Zealand White and
Soviet chinchilla had heavy preweaning mortality, high incidence of diseases, sub

optimal growth and reproduction under humid climate of Kerala.
2.5 MORTALITY DURING SUMMER SEASON

The study by Devi ef al. (1990) revealed that mortality was highest in dry

season (58 per cent) of the year and lowest in rainy season.

Yamani et al. (1991) reported that in Egypt, the highest per centage of still
birth and pre weaning mortality were found in spring (10.2 and 36.2 per cent

respectively) then followed by that in summer (4.1 and 22.4 per cent respectively)

Preweaning mortality rate (per cent) was higher in summer (71.9+£14.9)
compared to winter (27.8+7.2) in growing New Zealand White rabbits. Temperature
humidity index value of 28.9 was observed in summer indicating severe stress (Marat

et al. 2001).

In female rabbits age at puberty, pre and postweaning mortality increased by

exposure to heat stress.(Marai et al. 2002).

Bacar et al. (2004) conducted a study to characterize morbidity and mortality
in rabbitry during summer. The results of the study indicated that the main cause of

mortality was diarrhea.
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Month wise mortality pattern of rabbits in the Kamakshi Panchayath of Idukki
district, Kerala revealed that the per cent of mortality among small, medium and large
rabbit units were 42.7, 25.05 and 19.7 per cent respectively in the month of March.
There was reduction in the number of kits produced in the month of February and
March (27.66 + 1.28 and 32 + 0.53 respectively) in the case of small farmers (Chitra
et al. 2007).

High temperature during summer period in combination with feed restriction
significantly increased mortality rate in hyla hybrid rabbits. Highest mortality was
recorded during the hottest part of summer when the maximum temperature reached
34.7°C. A mortality rate of 13.93 per cent was recorded in rabbits fed ad libitum feed

during summer (Bovera et al. 2008).
2.6 ASCORBIC ACID SUPPLEMENTATION

Pardue and Thaxton (1984) reported that supplementation of ascorbic acid
significantly ameliorated the immunosuppression associated with exogenous cortisol

in chickens.

Njoku (1986) observed an improved growth performance in broilers, when the
diet was supplemented with 200mg ascorbic acid per kg feed. Heat induced growth
inhibiton, mortality and immune suppression were all reduced by ascorbic acid

supplementation.

Degkwitz (1987) reported that the serum cortisol concentration increased with

a decline in vitamin C supplementation below 90mg per cent in guinea pigs.

Sayed and Shoeib (1996) observed that ascorbic acid supplementation in
drinking water (0.5 gram per litre) or in the diet (200 gram per kilogram diet)
benefited the heat stressed broiler and improved the body weight by 6.8 per cent.
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Ascorbic acid appeared to stimulate humoral immunity and antibody synthesis

particularly IgG and IgA and also activated the macrophages (Ansari et al. 1998).

Ascorbic acid supplementation at the rate of 30 mg per kg of body weight
twice a week to Hyla rabbits 2000 kept at 25° C significantly decreased mortality rate
but other zootechnical parameters were not significantly influenced. Digestibility of
nutrients, slaughter parameters and meat quality were not significantly influenced by
ascorbic acid addition. Also, ascorbic acid addition did not improve weight gains or
feed conversion in rabbits housed at 6°C and 25°C respectively (Skiivanova et

al.1998).

New Zealand White rabbits when exposed to a higher temperature of 42° C
showed a reduction in the immune cell mediated function and a transient increase in
cortisol level. A significant increase in the plasma Vitamin C was noticed at 0.5h of
heat stress. There was significant increase in rectal temperature and decrease in feed

intake as a result of heat stress. (Amici et al.2006).

Ascorbic acid is probably the most effective and least toxic antioxidant

identified in mammalian system (Rakeshkumar et al. 2001).

Ascorbic acid had a role in improving the digestability of nutrients in rabbits

(Yacout et al. 2002).

Significantly higher feed intake, body weight gain and feed conversion ratio
was observed in broiler chicken supplemented with 300ppm ascorbic acid during hot

season (Kadim et al. 2008).

Vitamin C at a level of 250 mg per kg feed gave superior performance in final

live weight and daily weight gain better than the control in broilers under heat stress.
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But addition of Vitamin C at higher doses (500 mg and 750 mg/kg) gave lower

performance even when compared with the control (Sabah-Elkheir et al. 2008).

Dietary supplementation of 200 ppm of ascorbic acid significantly increased
live weight gain and feed conversion ratio in New Zealand White rabbits (Selim ef al.

2008).

Supplementation of Vitamin C to heat stressed pregnant does reduced the
pronounced adverse effects of heat stress on most of the physiological parameters and

production traits. (Shebl et al.2008).

Dietary supplementation of ascorbic acid did not affect bbdy weight gain and
feed conversion ratio but quadratically changed daily feed intake of broilers at 21- 42

and 0 - 42 days of age (Konka et al. 2009).
2.7 PROBIOTIC SUPPLEMENTATION

Probiotic, lacto- sacc reduced the incidence of diseases and mortality rate in
rabbits. The probiotic modified the gut bacterial population and the main disease
control effect was reduction in the incidence of enteritis compared to the control

group (Abdel- Samee, 1955).

The ability of the /actobacilli to produce toxic metabolites such as [actic acid,
hydrogen peroxide and bacteriocin had been suggested as being responsible for their

ability to inhibit other bacteria (Juven et al. 1992).

Daily supplementation of lactic acid producing bacteria (Lactobacillus casei
and Lactobacillus acidophilus) at the rate of 5X 10° cells per animal per day for 84
days in 6 week old New Zealand White rabbits did not give any significant difference

in feed intake, body weight gain and feed conversion efficiency. The feeding trial was
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carried out at high temperature (40-44° C) and relative humidity 60-90 per cent.
(Kamra et al. 1996).

Daily administration of sterilized artificial milk supplemented with L. casei
strain Shirota at a concentration of 10®° CFU per ml to Japanese White rabbits from
the day of birth decreased the severity of diarrhea and lowered STEC (Shiga toxin-
producing Escherichia coli) colonization levels in the gastrointestinal tract. By day
7 after infection 77.3 per cent of the rabbits in the control group suffered from severe
diarrhea whereas only 16.0 per cent of the rabbits in the L. casei-treated group
showed severe diarrhea. L. casei did not delay the onset of diarrhea. Administration
of L. casei increased levels of Immunoglobulin A against shiga toxin 1 and shiga
toxin 2 and formalin-killed STEC cells in the colon approximately two-, four-, and
threefold, respectively, compared with those of the untreated controls by day 7 after

infection (Ogawa er al. 2001).

Supplementation of Lactobacillus casei at the rate of 10® colony-forming units
per ml thrice daily for three weeks inhibited intestinal bacterial pathogen,

Helicobacter pylori (Cats ef al. 2003).

According to Oyetayo ef al. (2003) L. casei from fresh cow milk, was able to
reduce the toxicological and pathological consequences associated with
enterotoxigenic E. coli in experimentally infected rats. Another finding was that L.
casei had a better probiotic effect than L. acidophilus in terms of liver function
improvement, anticholesterolaemic property, and protection of the gastrointestinal

tract from infection.

Supplementation of Yucca schidigera extract (250 mg per kg) or with 0.5
gm/kg Lact-A-Bac (dried Lactobacillus acidophilus 0.8 billion CFU per g) from 5 to
13 weeks of age significantly affected growth performance. Average daily gain

increased by 12.1 or 9.6 per cent for rabbits feed diets with yucca extract or probiotic
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respectively, as compared to control diet. Feed conversion ratio was improved by
using treatment diets with means of 3.62 for treated and 3.87 for control rabbits.

(Amber et al. 2004).

The probiotic bacterium, Lactobacillus casei induced activation of the gut

mucosal immune system by an increased IgA level (Galdeano and Perdigon, 2006)

Male, 8 weeks old albino rats of Wistar strain had no variation in the body
weight when fed synthetic diet containing 20 per cent fresh soyabean oil and
lyophilized probiotic culture (Lactobacillus casei casei 19) or synthetic diet
containing 20 per cent oxidized soyabean oil and lyophilized probiotic culture
(Lactobacillus casei casei 19) indicating that the type of diet did not have any affect
on the body weight. It was also observed that antioxidant present in the culture of L.
casei ssp casei had an antioxidative effect similar to that of vitamin E (Kapila ef al.

2006).

Supplementation of probiotics had a beneficial effect due to reduced mortality

in growing rabbits (Matusevicius et al. 2006).
2.8 ASCORBIC ACID AND PROBIOTIC SUPPLEMENTATION

As per the study of Abd Elhalim (2008) ascorbic acid and probiotic (Roemin
W2®) addition in the diet significantly improved feed conversion efficiency in

growing New Zealand whilte rabbits.

Supplementation of probiotic and ascorbic acid independently and
simultaneously either in feed or drinking water significantly increased the total serum

proteins and reduced the serum cholesterol in broiler chickens (Chitra et al. 2008).

Karthiayini (2007) reported that Vitamin C produced a significant reduction in
serum cortisol concentration but probiotic supplementation could only produce a

numerical reduction in the cortisol level during heat stress in chickens.
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2.9 ECONOMICS

Poor weight gains, impaired feed conversion, increased disease incidence,
decreased fertility and reduced reproductive efficiency resulted as a consequence of
heat stress all of which adversely affected the production economics (Yamani and

Khalil, 1994).

In comparison with winter a decline of 3.1 per cent, 21.4 per cent and 31.55
per cent was recorded respectively for feed cost, return from body gain and in the

final margin during summer in New Zealand White rabbits. (Marai et al. 1999).

Economics of rabbit farming depends mainly on the nutrition, economic

ration, good health and high reproductive efficiency (Kumar et al. 2001).

Economically rabbits give highest per centage of return to investment. A
female rabbit through its progenies can produce upto 80 kg of meat per year ie, 2900
to 3000 per cent of her live weight (Risam et al. 2005).

At environmental temperatures of 32°C and higher, heat stress occured,

leading to production losses in hyla hybrid rabbits ( Bovera et al. 2008).

New Zealand White rabbits supplemented with probiotic, Roemin W2 at 0.5
or | g/lL showed an improvement in the economic efficiency or relative economic

efficiency. (Abd Elhalim, 2008).






3. MATERIALS AND METHODS

The resources and facilities available at the Department of Livestock
Production Management, College of Veterinary and Animal Sciences Mannuthy,
Thrissur and Krishi Vigyan Kendra and Radiotracer Laboratory, Kerala Agricultural

University, Vellanikkara, Thrissur were utilized for the study.

3.1 LOCATION

The study was conducted at Krishi Vigyan Kendra (KVK) of Kerala
Agricultural University, Vellanikkara located seven kilometers east to Thrissur and is
geographically situated at longitude 76°, 05” to 70° 45> E, at latitude 10°, 20” to 10°,
56” N and at an altitude of 22.25 m above mean sea level. The location of the study

is endowed with humid tropical climate.
3.2 PERIOD OF STUDY

As per the classification of Indian climate (ICAR, 1977), the summer season
is' from March to June. The climatic picture of Mannuthy (Thrissur district) described
by Somanathan (1980) revealed that maximum temperature in March and April was
above 32°C and that of May was above 30°C. Thus the period chosen for the present

study was from March to May, covering three summer months.
3.3 EXPERIMENTAL ANIMALS

Twenty four weaned two month old New Zealand White rabbits (Figure 1)
were randomly selected from Rabbit unit at Krishi Vigyan Kendra as uniformly as

possible with respect to age and bo‘dy weight and were utilized for the study.
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3.4 DESIGN OF EXPERIMENT

3.4.1 Allocation of experimental animals to treatment groups

The animals were allotted randomly to the experimental units and each of the

four treatments was replicated six times.

3.4.2 Treatments

Treatment — 1(T1)-

Treatment — 2(T2)-

Treatment — 3(T3)-

Treatment — 4(T4)-

Ascorbic acid (Merck, Mumbai) (Figure 2) at the rate
of 200 mg per kg feed was given along with the basal
diet

Probiotic, Lactobacillus casei (Unique Biotech,
Hyderabad) (Figure 3) containing 10° colony forming

units per g of feed was given along with the basal diet.

Probiotic and Ascorbic acid at the same rate as in T;

and T, were given along with the basal diet.

Rabbits fed with basal diet alone (Package of Practices
Recommendations, 2001, Kerala Agricultural

University).



Fig. 1- Experimental Animals

Fig. 2 - Feed Supplement Fig. 3 - Feed Supplement
(Lactobacillus casei) (Ascorbic acid)
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3.5 MANAGEMENT OF EXPERTMENTAT ANTMALS

3.5.1 Housing
ard waterirg. The caoes were cleared dhily In e nomirg. All tre aninals were

3.5.2 Feeding

Al tte aunals were f&dad tivim fodder ard vaer. The cacairate fesd
was given as per Packace of Badttcss, Recomrerchtians, 2001, Kerala Agriailtiral
Uhiversity. Animels were fedance inacay

3.5.2.1 Proximate analysis o ffeed samples

Proxinete coposition rarely moistire, cncke pdein, cance Hos, dler
edrad, adh, nitrage fiee exdtyact ard acid irschible ash of cocantrate was (@S
was estmated ALO0A.C, 1) adpesated nTdale 3.1 ad Figre 4.

Table 3.1 Proximate composition of rabbit feed

Chemical Composition  Grass (% as DM) Concentrate (% as DM)

Crude protein 9.74 18.08
Crue fler 31.29 5.3
Fteredrat 1.5 2.59
Ach 1.6 1321
Nitrogen fiee Fuact 45.57 60.89
2cid irschiHeash 6.18 1.0

Moisture (%) 86.10 5.49



Fig. 4 - Proximate composition o f rabbit feed (percentage of dry matter)

Concentrate rabbit feed (Pellets)

m Crude protein

m Crude fiber

m Ether extract

m Ash

m Nitrogen free Extract

m Acid insoluble ash

Roughage feed (Green grass)

6.18 9.74

m Crude protein

m Crude fiber

m Ether extract

m Ash

m Nitrogenfree Extract
m Acid insoluble ash
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3.6 ASSESMENT OF STRESS

3.6.1 Climatological data

The maximum ard minimm tapeanre (0) ad asehmidity nte
Aoty were recoked chily with the help of Digital Myorotherm  (Siseh)
farcatay). The dy hib tapeahre (O was reoxded wirng dy hib
themometer. The elatehmidity (RH) ad doy bilb teperatire was recoded &
09.00 and 14.00 h cily. The retearilagical dita over a periad fram March 2000 o
May 2009 were ddaired fran the neteolayical desenatary i, Decartent of
Metersolagy, Glleeof Haxtdailhre, KAU, \Ellaikaa.

3.6.1.1 Temperature humidity index (THI)

The tapeatrehmdity rox (HI) wes estnated acoadirg © e
fomila as fallons:

71 T=b °C- 1031-0.31RH) (b °C-14.9)]

where o °C = dry hilb taperatire ndegrees Glsiis ard RH = welathe hmidity
rercentae/100. rre Vales daaired are then dassified s follas: <27.8 = dosae
of hest soess, 27.68-28.9 = mockrate hest dress, 28.9-30.0 = ssiere hest sisssard
.0ardmore =very ssare hest d1ess (Varai er o/ A00).
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3. 7EFFECT OF CLIMATIC STRESS ON GROWTH PERFORMANCE OF
'NEW ZEATAND WHITE RABBITS

3.7.1 Body Weight

The lody weidht of rddoits were recaded & the dat of teeoeriment ard &t
regilarweskly Inenalsusirga sadardweichirg kalace with 5 gacaracy ad tre
averace cillybody weidht cains were calallated Biva, A000) .

3.7.2 Mean Daily Feed Intake

The Hoits were irdividally offered weicht gatbity of fesdat 10.Gh Gaily
ad residewas weicghed rext momirg to resaxd caily fesd inde. Therdoy asrase
cally fesd iIndewas @lallasd. Karaer o1 19%)

3.7.3 Feed Efficiency

Feed covarsian efficiacy was worked at an dry matder Izsis of fesd
Ereces, 19%)

3.8EFFECT OF CLIMATIC STRESS ON PHYSIOLOGICAL RESPONSE OF
NEW ZEALAND WHITE RABBITS

3.8.1 Respiration Rate

mirutes ard then averace begtts permintte was resxaed. Towas exaressed ngales
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rermin. Respiraion idewas recaded & weekly intenals In e diffeat tegtrat
grogs (Veraier al 199).

3.8.2 Rectal Temperature

The m=dal taperatre of dl the animals was recoroed &t weekly intenals
wsirgdinial thermareter (Varaier ol 199).

3.8.3 Estimation of serum and faecal cortisol by Radioimmuno assay

Ihacder to assss tre sress ledl In e diffeat trestiat grages senmard
Radioimmuno assay RIB) . (Jasower 2. 2001)

3.8.3.1 Collection and storage o fserum samples

Blood saples were colledted in trenmoming fran the earvein of the ainal .
Serum saples were sgaraed an the day of aolledtion and stared 1n desp fieser
00 foraxtisd sssy. Saples were taken atrathly Infenals.

3.8.3.2 Collection and storage o ffaecal samples

Feaal saples were alleded 2 mathly intenals frandll tre animels nte
erlynmomirg. They were ket Inpolythere pouches ard stored & —20°C tll exdraded
TrRIA (Tesky-Garstler al. 2000)
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3.8.3.3 Extraction o ffecal cortisolfor radioimmunoassay

The faal saples soed & 20°C was anded In the polythere pouch dtself
ard thawed. Then 0.5 geer 0 g of harooenized wet fasswas exdaadedwith twoml
disilledvater ard threeml netharnol affervortexing e mixtare for 30 min. was
then eantrdifioed & 2500 ram for 15mirp. A 0.5ml aligot of the sypsmatat wes
decated ard tre faass reside In the extrifine tile was acpin edaadted with thee
ml metharol sane as efore. Again 0.5ml of tre spamratat was taken ard mised
with aligot alresdy taken inthe screw cggeed vial FEigare . The metharol edrads
were dord & -20°C Ul RIA aalysis (Paliee: o 1990)

3.8.3.4 Radioimmunoassay

Cxtisal cocatratios were measured wsirg IM 1841 extisal C T RIA kit
(mroteth, Faw) Fgre §. Fran te sixdiffeat ot sadaks (), 19, 5,
219, 719, 190 (V) sypliedwith tre kit, 50 pl each were iradated with 500 @l of
5 1aalled axtisdl tacer resoet In sik at axtisal mooclaal antilbody aoated
tbes (Edoit ati-axtisal sen) . Similardy, 50 @ of tre netharnol. exdaadt of faal
saple ar 50 @ of the senm saple was  imatsted with trac resoet natod~
acated tises. ool ke was inadeated affer adtting 50 @l of aontaol and 500 i of
ey, T the tthe marked for tdal cant 500 @ of treeer alae was tden. After
imtstion franhour & 18-25°C with Sekirg &£ 400 mn, tre aotarts of thetibes
exat the iles for tdal cont were decanted. The corts perminute (qan) bourd
foreach ilee were corted 1n 1480 WIZARD TM Autaratic Gamma Conter for
ae mirndte with tre window suitadly adjusted for Iodire-125 Figre 7). The arts
eer minute doaired fordll tre saples ware divided oy corts permingte for z=ro
allarad tre resiltwas daoted ass B/BO nparatace. A sani lagprittmicare
Ht (gliremode) with B/BO (%) an vartdaal axis ard the exrtisol cooentration of the



Fig.5 - Faecal sample extraction

Fig. 6 - Cortisol RIA kits Fig. 7 - Radio Immuno Assay (RIA)
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a@libar on the hodzotal axis (W1) was Pdted. Foar eech saple, B/BO (3) an
tre wtal axis was laaed ad tre corespoding axtisal cocatratdon an e
horizotal axiswas detamired. The cocatratias InnM eer Iwere coverted torg
rerml by miltiplyirg ttevalies oy 0.362. The resiltsware eoressed npg perd.

3.9 DISEASE INCIDENCE AND MORTALITY

Troidenee of any disesss ar modality was  recorded drrding the egeerinental
-
4,0 COST EFFECTIVENESS OF SUPPLEMENTING PROBIOTIC AND
ASCORBIC ACID

The ot of pradcton an fesd Isis of the foxr trestments were determined
Biyg, 2000) .

4.1 STATTSTICAL ANALYSIS
Cata alleted an varios paraeters were daisdally aalyzd as per e

method of Sredecor ard Cochran (19%9) by enploying ae way aalysis of variace
(ANOVA)



Results



4. RESULTS

4.1 ASSESVMENT OF STRESS
4.1.1 Macroclimatic changes

The mean of tre recro dinetic varidiles sxh as maxdmum ad mininum
tEpaanre, Easehmidity aamoming ad afternon are presanted n'Tdole 4.1
The mean maximum tenperat re was higest nVarch ard loaest inMay. The mean
minimum taypeatre was almest sare inMarch and Axdl bt twas coparatively
lov InMay. The Elate hmidity was hidest inMay both in the moming ad
afterom.

The mean meximum tapeatre n te thee sumer moths were
34.6240.06°C, 33.6140.07°C ard 30.6140.04°C regeatively ard trenmean minimm
taperatre were 25.03.04°C, 25.174.05°C ard 23.90+.03°C. The mean humidity
(roming) inthe threemonths were 89.1940.1 1%, 86.9310.17% ard 93.610.10%5 ad
the mean hmidity @fteror) were 58.0610.28%, 58.9310.31% ard 71.2040.28%

rexinaly.
4.1.2 Micro climatic changes

The mean of tre miaoclinatic vardiles saxh as mean mothly maxinum
Epeatre, minimm tEpeatre, =dne hmdity omirg) ad eEane
hmidity @fferom) ae fimided in Taole 4.1, The mean of weekly dry hilb
tapeatre, weskly relade hmidity ard taperatre hmidity iroex (THD) valies
fveskly ardmonthly) have leen pesated inTadles 4.2, 4.3, 4.4ard 4.5 ard Figres
811 rexedthely. Durirg tre earnental perad tre teperatare hmidity irdex
(THI) values were hich In the aftermom carpared to tte mamirg. The THI valies
were hidest Aol (8.5010.22) ard lawest InMay (26.8310.2).
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Table 4.1 Environmental variables during the experimental period

1 3A.6240.06 3A.1240.03
Maximm 11 3R.6140.07 33.2040.03
tapeatre (D) W 30.6140.09 30.0140.04
1 25.0310.04 25.140.04
Minimum i 25.1H0.05 25.60.2
tapeanre () il 23.9040.03 24.140.
e I 80.1910.1  90.340.16
hidity I 80.93t0.17 83.5at0.11
nomiry (%) il 9B.6H0.10 P.6310.07
Rilatie I B.060.28  59.520.25
hmidity i 58.9340.31 6L.7540.12
aftermom (%) m T1.2040.28 71.1910.33
Non sigificat 0.05)

Fharch. THl, 1My
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Tabic 4.2 Mean weekly dry bulb temperature (°C) in the rabbitry

Dry b Dryhalb
taperanre Toperatre

Weeks (oming) Siitsagesy)
1 25.3H0.31 33.4a0.45
2 21.26t0.13 A.7910.45
3 20.6at0.25 33.9940.70
4 20.1H0.55 3.0a0.57
5 27.090.23 35129
6 21..THO.17 33.8910.24
7 21.TH).22 33.6at0.29
8 27.0310.59 D.7:40.33
9 25.8040.17 31.4140.74
10 25.5H0.45 29.940.90
il 20.2040.55 30.53H0.65
2 25.1140.30 29.2at1.(2
13 25.2910.44 29.TH0.3

Table 4.3 Mean weekly Relative Humidity (percentage) in the rabbitry

Relame Hm]dlty Relative Hmidity

43 T3.2912.47
9 69.29t3.07
Il 73.19H4.52
% 72.00eL.88

hREBOWOoadon0dWN 1
S
g
&
g
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Fig. 8 - Weekly variation in dry bulb temperature (morning) and relative
humidity (morning) during the experimental period
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Fig. 9 - Weekly variation in dry bulb temperature (afternoon) and relative
humidity (afternoon) during the experimental period
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Table 4.4 Mean weekly Temperature Humidity Index (THI) values in the

rabbitry
Weeks  THI momirg THT afterrom THT
1 24.630.33 30.890.2 27.750.09
2 26.5510.10 2.030.31 29.2940.18
3 26.1140.22 31.4140.40 28.'16t0.24
4 25.6H0.A4 30.2040.46 27.240.47
5 26.3310.20 29.5911.16 27.9810.64
6 27.0at0.17 31.450.14 29.25t0.06
7 26.9010.47 311810, 3 29.00.22
8 26.3910.57 30.690.19 28.54H0.35
9 25.3040.13 29.7140. A4 21.5240.32
10 25.0910.40 28.6310.45 26.86t0.40
1 25.60.52 28.9%10.46 21.3140.48
1% 24.6610.30 21.9:0.°77 26.310.52
13 24.750.33 28.4310.22 26.5910.27

Table 4.5 Mean monthly Temperature Humidity Index in the rabbitry

Mnths THI aerae
T 28.440.16
I 28.5040.22
1T 26.830.21

FMardh, Tl 111Mey
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Fig. 10 - Mean weekly Temperature Humidity Index (THI) values during the
experimental period

Fig. 11 - Mean monthly Temperature Humidity Index (THI) values during the
experimental period
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4.2 EFFECT OF CLIMATIC STRESS ON GROWTH PERFORMANCE OF
NEW ZEATLAND WHITE RABBITS

4.2.1 Mean weekly body weight

The mean waskly body weidhts of tre rddoits dring the exeerimental eericd
ae rmoesated Tole 4.6 ard Figre 12. The Tnitial body weidhts of tre animels n
tre far tresmets viz. Tl Esaobic add syplarented gap), T2 addddc
yplareted ap), T3 Escahic add ard pdadtc syplaventad graop) ard T4
@t gop were 0.890.13k, 0.240.13ky, 0.9140.13ky ad 0.9140.11ky
regettively ad treir firal 1ie body weidts were 2.3040.10kgy, 2.4140.11kg,
2.540.18ky ard 1.940.18ky regmctiely. The Tnitdal oody weidht as well as loady
weidhts of the @idits 1n the differat trestent groges did ot differ siguificatly
E0.00) w totte tathwesk. Fran the tarth week amwards the rddoits inT3 grap
ed a siquificatly hidrer (0.05) ody weidht when carpared to T4 1&doits. Also
fram the eleath week awards the aninals inthe T2 trestent hed a siguificatly
hider (&0.00) ody weidht then T4 aninals. No sigifiat differsce B0.00) was
roed between Tl ard T4 &doits, ot T aninals hed a nerically hidher loadly
weidht carpared to'T4 annels. The @ioits ntte T2 grap @41 £ 0.11ky) ad T3
grop @.541 0.180) hed siguficatlyhider (0.06) ad Tl grap .30+ 0.100)
red nnerically highermean firal ody weidhts then animals intteT4 grap .2+
0.189).

4.2.2 Mean daily body weight gain

The mean daily gain of New Zealard White rddoits isshown InTaole 4.7ad
Figre 13. The rdits ntte ], T2 and T3 graps Fed hidherbody weidht ggirs thn
T4 nits from tre it week averds. The tregment grop T3 hed sigifiertly
hidrer (0.05) body gin then T4 grogp framninthweek amerds. The oeall rean
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cailybody veidht gainvere 15.4340.5% (T1), 16.640.867 (1), 17.960. 75 (I3)
ad 11.1440.34g (7). Tre aninals inte T, T2 ad T3 trestmerts hed sigiificatly

hider (0.06) oeall mean body weidht cain tten T4 amals.

4.2.3 Mean daily feed intale

The averace ciily feed intde of tre for trestent groges an drynatterkesis
isfumised InTable 4.8 ard Figare 14. The orall mean ciily fesd indeof the far
tretmats were T1 (6.60H4.3%), T2 (B.5#.3y), T3 (77.8H4.6) ad T4
(h.4x3.5). No sigifiat difftreee B0.00) was roed between te for
trestment groges thrach ot tre egerinental Eerdad. Nerical 1y hiderahes for
mean chlly fesd intde were ddaired fr T1, T2 ad T3 aninals carpared t© T4
anals.

4.2.4 Mean feed efficiency

Feed efficiency an dry metter kesis uder diffeat tresimats ispresated n
Taole 4.9 ard Figre 15, The aninals intte T3 tregtment hed a sigiifiatly hider
B0.05) fed efficiency carpared t©© T4 1n tre thitd week ard ninth to thirteath
waek. The omall mean feed efficiacy of tre trestments were T1 (6.0240.33), T2
C.L210.3), T3 @.720.15 ad T4 (7.940.4). The animals In T1, T2 ad 13
tregtmets hed sigiificatly hider (&0.05) omall mean feed efficiency carpared
t©T4 ainals.



Table 4.6 Mean weekly body weight of New Zealand W hite rabbits (kg)
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Mean valuss bearirg differat s pesadt na row differsigiificatly (0.05)

TL

36

2

0.890.133 0.9240.13%

1.240.13
11140.1%
1.2140.1%
1.33100.14
1.440.1%
1.5310.1%:
1.6H0.1 Ia
1.7A0.10a
1.8H0.1a

1.0H0.1=
1.160.1=
1.250.1%=
1.3H0.17%
1.5240.16
1.e310.1&
1.140.14
1.8at0.1%=
1.940.1%

3

T4

0.940.1% 0.940.11a

1.00.14a
1.ITHO0.1=
1.240.1a
1.430.77/a
1.540.17/a
1.e140.1/a
1.7140.1:
1.850.1=
1.9940.1a

1.%0.10b 2.040.13p 2.1080.160
2.06t0.10b 2.1910.130 2.250.1o
2.7H0.0%0 2.3010.11b 2.3940.180
2.3040.10p 2411011 2.540.1%0

1.040.10a
1.08t0.1%a
1.150.10a
1.2300.1a
1.3¥0.17A
1.2540.17a
1.46t0.1:
1.550.1%
1.c20.1:a
1.7060.1:
1.7/e0.17a
1.86t0.1%
1.240.1&%



Table 4.7 Mean daily body weight gain of New Zealand White rabbits (g)

LOOO\IONU'I»bu)l\)Hg

SR B

13

TL
17.862.1%
13.542.37a
13.6442.da
16.6013.31a
15.7943.26b
12.9343.57a
15.7a3.21a
19.1243.52b
14.29+1 .27
12.4311.33p
14.26+1.1080
16.22.5740
17.8143.83p

MeantSE  15.4310.57a

Mean valies bearirg differert s persarict ina row differsigiificatly (0.05)

37

i
21.43t3.07a
13.453.07a
13.6H2.41a
17.1283.%a
21.362. %0
15.4813.1Ca
2.2142.48
21,c442. 7o
16.334. 770
14.9513.18o
15.932. 15
16.74+1 .8%D
15.7H0.c%p
16.6240.860

3
20.643.53
16.502.63a
13.6242.522
18.432." 7%
15.3843. 740
15.191. %
14.2913. 73
19.5H1.41d
18.882.6/a
17.7TH2.22a
20.33H .S
21.6A3.4p
21.0HL. 180
17.95t0.7%0

T4
129473
10.8H2.4m
09.e22.0%
11. 641,10
10.333.3%
2.0 .2%
10.0310.8%
13.2241. 7%
10.342.030
10.1640. 730
09.8141.9%
11.902.52
11.4883.1%
11.140.:Ac
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& . 12 - Mean weekly body weight of New Zealand White rabbits
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Fig. 13 - Mean daily body weight gain of New Zealand White rabbits



t;[g‘ljgkooo\]o\m»bwm),;gj;ié

+

Tl
2.156.60
63.81+7.09
58.52190.28
57.39£7.51
71.8142.%
71.155.5%
638.492.57
9.0 7L
8L.1043.44
2.09£7.19
80.5943.13
B.06t4.20

103.3246.0b
106.5943.22
To.cot4.32

Non significant (P > 0.05)
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i
49.71%1.2
65.5919.28
63.9918.33
00.546.57
2.6943.2
3. 754.36
©9.10t5.19
74.4014.A
83.9915.45
L.290.36
87.60t/.87
A.2+1.30
100.507.20
100.2249.63
79.50t4.30

3
43.9H8.33
6/.259.A
60.8318.39
50.38t7.16
70.53H4.83
3.IHS.3A
62.5aH4.44
T1.3at6.76
83.5145.76
D.16t7.03
84.404.0b
2.%0t1.06

106.28t6.6
112.7248.°9
71.8H4.67

Table 4.8 Mean daily feed intake of New Zealand White rabbits (g)

T4
50.7918.44
63.48t/.69
©.1657.98
74.2813.82
T1.734.64
71.024.83
AZH2.5]
B.4H3.11
69.80t3.20
89.7443.13
13.52£1.57
83.018.58
97.43t3.80

101.88£7.19
15.4583.5%
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Table 4.9 Mean feed efficiency of New Zealand White rabbits

LOOO\]O\U‘I-&(A)NH@

BB

13

TL
3.79t0.51db
4.60t.Qa
5.00t.2a
0.4%2.6a
0.302.11a
5.494.%a
0.(24H.80a
4.771+1.84a
6.7/0.87d
6.9810. %
'7.0at0.51d
7.4141.400
1.642.84D

MeantSE  6.0240.33

Mean values bearing different superscript in a row differ significantly (P<0.05)

2
3.2040.42a
4.7THO.%a
5.6141.15Db
5.88H. 753
3.8H0. 7
4.4812.2%
0.0913.42
4.1610.56a
6.0810.%
5.89t1.180
6. . Oddp
6.840.6ld
0.940.5a0
5.424).33p

3
3.760. 00
4.0240.6la
4.77810.5a
4.2310.53
4.834.1%
4.480.5/a
5.a43.6:
4.4540.5a
5.240.8a
4.2810.2%a
4.940.4%
4.510.47a
5.090.72a
4.740.1%

T4
5.4H1.030
8.632.8/a
9.242.3%
1.ZHl.3m
8.0A2.6%
5.5H0.8a
1.1910.%
5.590.5%
9.9313.7%
8.8111.140
9.1811.1%
9.9141. 72
9.255.130
7.9110.44c



Fig. 14 - Mean daily feed intake of New Zealand White rabbits
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Fig. 15 - Mean feed efficiency of New Zealand White rabbits
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4.3 EFFECT OF CLIMATIC STRESS ON PHYSTOLOGICAL RESPONSE OF
NEW ZEATAND WHITE RABBITS

4.3.1 Mean weekly respiration rate

Mean waekly reghirdton ide (assperminie) of tre for tregmats firtre
eerinatal pericd are firmided nTaole 4.10 ard Figare 16, Titdallytherewas ro
siqifiat diffreee P0.05) in epirton @e between tre for tesnats.
However & tte ed of firt week T2 rddoits hed a sigiifiGatly loer (&0.05)
reiration ide aonpared to tre dier tregtatss ard fram tre it week 1o third
week, fifth week and fran tte ssath week to tath week T2 EHddits hed a
sigifiatly lower (K0.0b) regiration e covpared to T4 dioits. The rddoits n
tre T1 grop hed a sigificatly loer (X0.05) repiation e capared to 14
rddoits fram the eidth week awards. The animals n the T3 trestent hed a
nrerically loer reguirabon e carpared to T4 animals fran tre secad wesk
averds. The oaall mean repirtion |e (@ssermin) of te for tegats viz
T, 2, T3 ad T4 were 113.6141.98, I13.23H.16, 116.23"1.10 ard 117.89H.01
regediely. The riddoits nT1 ad T2 grages hed sigiificatly loer (0.06) ad
T3 rddoits hed nnerically loer oaall mean regoiration e carpared to T4
Adoits vhile ro sigifiat differaee B0.00) was teeleteen T1, T2 ad T3
Eioits.

4.3.2 Mean weekly rectal temperature

Mean weekly 1edal tapeshre  °C of tre for tretmeats for tre egernent=l
rriad ae pesated 1n Tole 411 ad Figre 17. The omall mean mtal
tapaatre of tte for testets viz. Tl, T2, T3 ad T4 were 38.7810.33%C,
3B.240.47°C, 3B.8H0.36°C ad 30.040.2°C mgethely. No sigifiat
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differmee (BX.00) was pesat among tre for testnats. The ddoits nT1, T2 ad
T3 groges hed nuerical Iy loser mean edal tanperanre tten T4 dioits.

4.3.3 Mean monthly fecal cortisol levels

Mean manthly fasal axtisal valies of e for tresients arepresated nTaole
4.12 ad Figre 18. Tntdallytterewas ro sigifiagt differace (BX0.05) ketween tte
for tegmats. By tte ed of tte firk month e for grogs becpn to differ
siqificatly. The aninels nte Tl ad T3 trestrets hed a sigiifiatly loer
faeal axtisdl Jeel ntre firt (.001) ard e secodmonth (D) caonpared to
T4 aninels, vhile T2 animels hed a nmerically lower axtisol lael then T4 animals
n tre fit two naths. There was ro sigificet diffeace (B0.00) ketween tte
fortrestmets nthe thirdnath. The oeralmean fasal extisdl valies of tre far
tegmats viz. T, T2, 13, ad T4 were 4.490.53%cy/dl, 5.9140.6lpgd,
4. 5040.50pydl ard 6.34H0.330y/dl egmahely. The rddoits InT1 ad T3 graxs
ed siquificatly laer (0.05) ad T2 &doits hed nerical ly loer oeall mean
faeal aatisal leelstten T4 ddoits.

4.3.4 Mean monthly serum cortisol levels

The mean mothly senm cxtisal alies ae firmided n Taole 4.13 ad
Figre 19. The caall mean mothly senam extisal valies of tre for tregtments viz.
T, T2, T3 ad T4 were 10.2810.63gperd, 9.9540. Pogperd, 10.3A0.10cyer
d ardl0.4/40. Ay per d. No sigifiat diffeace 0.05) nsenun cxtisd wes
desarved etween tre for trestmentss drring the exerimental eericd. The animals n
te T, T2 ad T3 testmet hed nuerically loer oaall mean senam extisal
alues then T4 aninals.
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Table 4.10 Mean weekly respiration rate of New Zealand White rabbits

gwﬁﬁgwm\lmm&wmpéé

Tl

122.6H1.31a
120.3340.50
124.00+1.008
119.5040.5080
120.33H.5a
119.540.220
115.3310.83
114.83H.50
109.6H2.3a
109.00+..97a
108.TA1.8/a
1060.1TH1.65a
P.33H. 74

101.6H0 .aa
113.6141.%%a

(cycles per min)

2

121.00t1. 3
Ne.33t1.6a
121.504.15%
117.THlL.5%a
1e.831.5m
114.83t1.6
112,504 .26
109.00£2.01a
110.33H.0%a
109.33. 1%
110.THL.3%
109.6 H2.550
108.6H2.8d0
107.832.e3p
113.23t1.1a

3

123.3340.8%
119.83t1.0o
123.8310.87d
120.140.%4
120.004L.46a
117.6A0.6ldp
N3.504H.0a
113.83+1 .33
113,504
112.6A1. 2640
112,50+ .18
113.00H.21b
112.331. 730
111.00£L.3%0
116.23H1.100

T4

123.TH0. T2
120.8310.4%
125.6 HO.%0
122.1TH0.9%0
121.004.88a
119.33H1.330
Ne.THL.63a
114.50+ .6%
115.831.3%
115.6H1.elb
115.50+1.8%
1I5.THL. 4o
113.3383. 70
112.TA3.180
117.8941.0Ib

Mean values bearing different superscript in a row differ significantly (P<0.05)



Table 4.11 Mean weekly rectal temperature of New Zealand White rabbits (OC)

LOOO\]CS\U'ILBU)N}_\EEE

SEB

13

TL
38.6310.14
39.2810.10
30.3810.11
39.1310.08
39.1040.11
38.6A0.15
38.7240.12
38.430.07
38.530.03
38.6H0.04
38.85t0.14
36.1240.11
38.7240.24
38.6510.03

MeantSE 38.7810.33

Non significant (P>0.05)
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2
38.6940.08
39.3240.20
30.5810.18
39.6310.08
30.5H0.09
38.5H0.18
38.52°0.13
368.9040.11
3B, /20.13
38.8810.11
38.9A0.11
37.8310.15
3B.6H0.2
38.9310.14
38.9240.47

3
36.c:40.11
39.4240.09
30.6240.09
30.2040.14
390.150.2
38.ZH0.09
38.340.11
3B.6H0.25
38.71040.14
3B8.9340.2
38.730.12
38.720.19
38.%540.13
38.7240.15
3B.8H0.36

T4
38.6240.08
30.6240.11
39.6240.14
30.6310.16
30.2240.15
38.830.09
38.6H0.14
38.530.12
38.930.06
30.1240.04
30.2040.18
38.2540.13
38.720.15
3B.9820.14
30.0040.42



Fig. 16 - Mean weekly respiration rate of New Zealand White rabbits
(cycles per min)

Fig. 17 - Mean weekly rectal temperature of New Zealand White rabbits
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Table 4.12 Mean monthly fecal cortisol values of New Zealand White rabbits
(Hg/dl)

Moths Tl i 3 T4
Tital  5.941.77a 6.18H.4%m 5.340.% 5.%f1.9a
1 2.4811.1% 5.83+1.3b 3.540.7a 6.1241.8%0
2 5.2140.7a 5.9A2.13p 5.49H.80 7.5810.1%
3 4.3142.%a 5.640.28 3.620.8/a 5.70tl.41a
MeantSE  4.4910.532 5.9140.6lb 4.50t0.51a 6.3#0.330

Mean valies kearing differat s persadct na row differsigiificatly
UL aK.0b)

Table 4.13 Mean monthly serum cortisol values of New Zealand White rabbits
(Hg/dl)

Tl 2 3 T4
12.150.60 12.190.50 10.7411.06 10.5A0.49
90.45t1.06 9. 7240.2 10.330.58 10.8at0.50
10.24.61  9.a30.c0 10.5440.37 11.154).49
10.2810.63  9.%t0.72 10.3A0.10 10.4A0.c4
MeantSE  10.7010.28  10.3910.30 10.53t0.06 10.7/0.08

Non sigiificat 0.5 .

o~}



Fig. 18 - Mean monthly faecal cortisol values of New Zealand White rabbits

Fig. 19 - Mean monthly serum cortisol values of New Zealand White rabbits
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4.4 DISFASE INCIDENCE AND MORTALITY

Trcicece of any diseasss armovality was rot raported dring the exeerinental
jccaler)

45 COST EFFECTIVENESS OF SUPPLEMENTING PROBIOTIC AND
ASCORBIC ACID

The o=t effethmess of syplawetting pdoddc ad asaxhic adid were
cetemired ard tre resilts ae presated nTaole 4.15 ard Figre . The aninals n
tre T3 grop recoded the loaest aost of prodddon with Rs. 76.28 g kg 1ne
weidt, folloedloy T2 (P.67), TL (6.08) adT4 114.7).
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Table 4.14. Cost of production per kg live weight of New Zealand White rabbits
(on feed basis)

Tregtents Tl T2 JIC] T4
Nurndoer of riddoits 6 o o o
Toal nitial bodyweidht (o) 54 5% 546 5.4
Tal firal body weidht () 138 1446 1B524 112
@l body weidht gain (0 840 8% 9B oo
™al fesd inde () DB M. B.A D23
THal feed ot (5.) A2l 6.5 10.9 ad2.A
Cest of fedper kg &) 15.% 147 lo.lo 145
Feed efficiency o2 54& 4.2 7.9

Cetofpodtionan fedlesis ) %.8 0.6/ 6.8 114.0



Fig. 20 - Cost of production per kg live weight of New Zealand White rabbits
(on feed basis)
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5. DISCUSSION

5.1 ASSESMENT OF STRESS .
5.1.1 Macro and micro climatic changes

The macro ‘'and micro climatic variables (Table 4.1) like mean monthly
maximum temperature, minimum temperature, and relative humidity (morning and
afternoon) showed no significant difference (P>0.05). The mean monthly maximum
temperature in the rabbitry was highest in March (34.12+0.03°C) and lowest in May
(30.0140.04°C). The mean monthly minimum temperature in the rabbitry was highest
in April (25.6+0.02°C) and lowest in May (24.1£0.02°C). The relative humidity was
highest in May both in the morning (92.68+0.07%) and afternoon (71.19+0.33%).

The data regarding the mean weekly dry bulb temperature (afternoon) (Table
4.2) showed that it was highest (34.79+0.45°C) in the second week of the experiment
and lowest (29.26£1.02°C) in the 12" week of the experiment. The dry bulb
temperature (morning) was highest (27.77+0.17°C) in the sixth and seventh week of
the experiment and lowest (25.110.30°C) in the 12™ week. The results on the mean
weekly relative humidity values (Table 4.3) showed that it was highest in the 12
week of the experiment (93.86+0.91% in the morning and 73.19+£4.52% in the

afternoon).

The mean weekly temperature humidity index (THI) values (Table 4.4) were
higher in the afternoon compared to the morning. According to Marai ef al. (2001), in
rabbit, temperature humidity values less than 27.8 indicated absence of heat stress,
27.8 to 28.9 indicated moderate heat stress, 28.9 to 30 indicated severe heat stress and
values greater than 30.0 indicated very severe heat stress. Accordingly, it was evident
that in the present study severe stress prevailed in the second (29.29+0.18), sixth
(29.25%0.06) and seventh week (29.06+0.22) of the experimental period and
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moderate stress prevailed in the third (28.76+0.24), fourth (27.92+0.47), fifth
(27.98+0.64) and eighth (28.54+:0.35) week of the experimental period.

The mean monthly temperature humidity index values (Table 4.5) suggested
that animals were under moderate heat stress in the first (28.45+0.16) and the second
month (28.50+0.22), while no stress prevailed in the third month (26.83£0.21). In the
12" week of the experiment the dry bulb temperature was lowest (both in the morning
and afternoon) and relative humidity was highest (both in the morning and afternoon)
and the temperature humidity index (THI) value was lowest which indicates that

temperature had got a profound influence regarding stress in rabbits.

5.2 EFFECT OF CLIMATIC STRESS ON GROWTH PERFORMANCE OF NEW
ZEALAND WHITE RABBITS

5.2.1 Mean weekly body weight

Mean weekly body weights (Table 4.7) of different treatments showed that
there was a significant (P<0.05) difference among different treatments towards the
end of the experimental period. Body weight of rabbits in T3 group was significantly
(P<0.05) higher than that of T4 rabbits from tenth week onwards. Mean final body
weight of T1, T2, T3 and T4 animals were 2.30+0.10kg, 2.41+0.11kg, 2.54+0.18kg
and 1.92+0.18kg respectively. The rabbits in the T3 treatment had the highest final
mean weight among the four treatments. This was in agreement with the research
work done by Abd-Elhalim, (2008). Also, the animals in T2 group had significantly
higher (P<0.05) body weight than T4 animals from the eleventh week onwards. This
observation was similar to the results of Amber et al. (2004), while this contradicted
the results of Kapila et al. (2006) who stated that supplementation of the probiotic,
Lactobacillus casei did not have any effect on the body weight of rabbits. Marai et

al. (2001) reported that digestibility coefficients declined due to heat stress by 7.9 per
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cent in dry matter, 8.1 per cent in crude protein and 1.0 per cent in crude fibre.
Supplementation of Lactobacilli improved digestibility of dry matter, crude protein,
ether extract and crude fiber in rabbits and the increase in nutrient digestibility might
be due to reduction in the surface tension of cell membranes by bacteria favoring
better absorption of nutrients across the cell membranes, also the improved
digestibility of crude fiber might be due to increase in the gut cellulolytic bacterial
population as a result to enhancing lactate utilization and moderating pH of the media
(Amber et al. 2004). Hence the higher body weight in T2 rabbits compared to T4
rabbits might be attributed to the improved digestibility of nutrients resulting in better
feed efficiency. Ascorbic acid also had a role in slightly improving the digestibility of
nutrients. (Yacout ef al. 2002). There was no significant difference in body weight
between T1 and T4 animals, but T1 animals had a numerically higher body weight
than T4 animals suggesting that supplementation of ascorbic acid alone did not have
a significant effect on the body weight of rabbits. This observation was supported by
the view of Konca et al. (2009) in chicken. Hence from the current study it could be
concluded that probiotic alone or in combination with ascorbic acid had a positive

effect in improving the body weight of rabbits under heat stress.
5.2.2 Mean daily body weight gain

The daily body weight gain values (Table 4.7) of New Zealand White rabbits
revealed that T1, T2 and T3 animals had higher body weight gain than T4 animals
from the first week onwards. Significant difference (P<0.05) was noted between T3
and T4 rabbits from the ninth week onwards. The overall mean daily body weight
gain were 15.43+0.57g (T1), 16.62+0.86g (T2), 17.95+0.75g (T3) and 11.14+0.34¢g
(T4) respectively. The rabbits in the T1, T2 and T3 treatments showed significantly
higher overall mean daily body weight gain compared to T4 rabbits. This coincided

with the observations of Selim ez al. (2008) who stated that dietary supplementation
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of 200 ppm of ascorbic acid significantly increased live weight gain in New Zealand
White rabbits and Amber et al. (2004) who reported that supplementation of
Lactobacilli increased the average daily gain in New Zealand White rabbits. However
the present study was contrary to the findings of Kamra ef al. (1996) who proposed
that probiotic, Lactobacillus casei did not have any significant effect on the daily
body weight gain of rabbits and Konca et al. (2009) in chicken, according to whom
ascorbic acid alone did not significantly affected daily body weight gain. The
increased body weight gain in T3 rabbits in the current study might be due to the high
feed efficiency as a result of the improved digestibility of nutrients due to the

combined effect of probiotic and ascorbic acid.

5.2.3 Mean daily feed intake

The mean daily feed intake (Table 4.8) of the four treatments did not differ
significantly (P>0.05) through out the experimental period. This was supported by the
results of Skiivanova et al. (1998) who stated that dietary supplementation of
ascorbic acid did not affect feed intake in rabbits reared at high temperature.
According to the study done by Kamra ef al. (1996), supplementation of
Lactobacilllus casei did not have any effect on the feed intake of rabbits under heat
stress. Several studies had revealed that high summer temperature significantly
reduced feed intake in rabbits (Cheiricato et al. (1993), Fernandez et al. (1994),
Marai et al. (1999) and Bovera et al. (2008)). In the present study, no significant
difference (P>0.05) in feed intake was noted between the control group and feed
supplemented groups, but significant difference was noted in other growth
performance traits. The reason might be that the reduction in feed intake due to high
summer temperature in the hotter parts of the day would have been compensated by
increased feed intake during the cooler hours of the day ie, the night hours. Hence it

can be inferred that supplementation of ascorbic acid or probiotic did not have any
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effect on the feed intake of New Zealand White rabbits reared under high

temperature.

5.2.3 Feed Efficiency

_ The results on the feed efficiency on dry matter basis (Table 4.9) revealed that
there was significant (P<0.05) difference in feed efficiency between the different
treatments. The overall mean feed efficiency of T1 (6.02+0.33), T2 (5.42+0.33) and
T3 (4.72+0.15) rabbits were higher compared to T4 (7.91£0.44) rabbits while the
rabbits in T3 group had significantly higher (P<0.05) feed efficiency compared to T4
rabbits from the ninth week onwards. These results were similar to that of Abd-
Elhalim (2008) who reported that ascorbic acid and probiotic (Roemin W2%) addition
in the diet significantly improved feed conversion efficiency in growing New Zealand
White rabbits. As per Das et al. (1991) feed efficiency was negatively correlated with
both air temperature and relative humidity. Cheiricato et al (1993) reported that
higher temperature resulted in poor feed efficiency in rabbits and Marai ef al. (2001)
observed that high summer temperature resulted in poor digestibility of nutrients in
rabbits. Thus the poor feed efficiency in the animals of T4 group in the present study
might be due to high temperature stress as a result of the poor digestibility of
nutrients. The improved feed efficiency in T1, T2 and T3 rabbits might be due to

better feed utilization as a result of improved digestibility of feed ingredients.

5.3 EFFECT OF CLIMATIC STRESS ON PHYSIOLOGICAL RESPONSE OF
NEW ZEALAND WHITE RABBITS

5.3.1 Mean respiration rate

The mean weekly respiration rate (Table 4.11) of the different treatments

revealed that T1 and T2 rabbits had significantly (P<0.05) lower overall mean
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respiration rate than T4 rabbits. This is in conformity with the results of Abdel-
Samee, (1955). Hence supplementation of probiotic, L. casei and ascorbic acid can
reduce the heat load in rabbits as observed by reduction in the respiration rate. The
animals in T3 group had a numerically lower respiration rate compared to T4 animals
from the second week onwards and no significant difference was noted between T1,
T2 and T3 animals. The overall mean respiration rate of the four treatments viz. T1,
T2, T3 and T4 were 113.61£1.98 cycles per min, 113.23 +1.16 cycles per min,
116.23+1.10 cycles per min and 117.89+1.01 cycles per min. The mean values
recorded for respiration rate in all the four treatments were higher than the values
reported by Marai et al. (1996) [108.5+1.4] while the values were lower than that
recorded by Marai ef al. (1994b) [133.0]. This difference in values might be due to
the difference in climatic variables prevailing in the concerned locations. Several
researchers found that respiration rate in rabbits increased under heat stress
conditions [Marai e al. (1991) and Ogunjimi ef al. (2008)]. Since most of the sweat
glands in rabbits are not functional and perspiration is never great because of the fur,
the only controlled means of latent heat evacuation is by altering the breathing rate
(Marai et al. 1991). In the present study also, the control group (T4) had a
numerically higher respiration rate compared to the other three groups. The highest
value for respiration rate in T4 rabbits was obtained in the second (125.67 + 0.95
cycles per min) week of the experimental period when the dry bulb temperature
(second week (34.79+0.45°C) reached peak levels. This supported the view of
Richards, (1976) who stated that respiratory frequency increases with increases in
ambient temperature above panting threshold. The significance of the increase in
respiration is that it enables the animal to dissipate heat by vaporizing the moisture
through the respiratory air, which accounts for about 30 per cent of the total heat
dissipation (Maclean, 1963). This system work between 0 and 30°C and at this range

of temperature latent heat evacuation is only controlled by altering the breathing rate
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(Marai et al. 1994a). However, dissipation of heat through resvpiratory passage was
decreased by increase in ambient humidity (Lebas et al. 1986). Thus from this study
it could be inferred that the respiration rate in New Zealand White rabbits was
influenced by environmental temperature and supplementation of L. casei and

ascorbic acid could reduce the heat load in rabbits under stress.

5.3.2 Mean rectal temperature

The mean weekly rectal temperature (Table 4.11) showed no significant
difference (P>0.05) among the four treatments. The mean rectal temperature of the
four treatments viz. T1, T2, T3 and T4 were 38.78+0.33°C, 38.92+0.47°C,
38.87+0.36°C and 39.00+0.42°C. Finzi et al. (1994) reported that the average body
temperature in rabbits goes up from morning till night, while environmental air
temperature goes up from morning till noon then decreases at night, indicating that
body temperature was not affected instantly by changes in air temperature during the
day. Shafie et al. (1970) observed that the diurnal variation in body temperature
varied within a very short range (0.2-0.3 °C). The study done by Ogunjimi et al.
(2008) revealed that a low correlation existed between rectal temperature and thermal
comfort level, while a strong correlation existed between respiration rate and thermal
comfort level in rabbits in rabbits. In the present study no between group significant
(P>0.05) difference was noted for rectal temperature but other physiological
parameters like respiration rate and faecal cortisol varied significantly suggesting that
rectal temperature was not an indicator of heat stress in rabbits. Hence it could be
concluded that supplementation of probiotic, L. casei and ascorbic acid did not exert

a significant effect on the rectal temperature of rabbits reared under high temperature.
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5.3.2 Mean faecal cortisol values

The mean monthly faecal cortisol values (Table 4.12) in the four treatments
had significant difference in the first (P<0.001) and the second month (P<0.05).
Faecal cortisol level of animals in T1 and T3 groups were significantly lower than T4
animals in the first (P<0.001) and second month (P<0.05) while T2 animals had a
numerically lower value compared to T4 animals in first two months. This finding
was similar to the observations made in chicken by Karthiayini et al. (2007) for
serum cortisol, according to whom Vitamin C produced a significant reduction but
probiotic supplementation could only produce a numerical reduction in the cortisol
level during heat stress. No significant difference in faecal cortisol level was noticed
between the different treatments in the third month but T1, T2 and T3 rabbits had
numerically lower values than T4 rabbits in the third month. As per the study of
Huber ef al. (2003) out of several potential predictor variables investigated minimum
ambient temperature was an important factor exerting a significant effect on fecal
glucocorticoid excretion. In the current study also, the highest values for faecal
cortisol in all the treatments were obtained in the second month when the minimum
ambient temperature was the highest (25.17+0.05°C). Considering the control group
alone, the lowest value for faecal cortisol was obtained in the third month (5.70+1.41
pg per dl) compared to the first (6.12+ 1.85 pg per dl) and second month (7.58+0.15
pg per dl). Thus it could be inferred that level of stress was more in the first two
months compared to the third month. This could be correlated to the higher
temperature humidity index values in the first (28.45+0.16) and second (28.50+0.22)
month and lower temperature humidity index value in the third month (26.83+0.21).
Hence it could be concluded that level of faecal cortisol was influenced by
temperature and humidity. Furthermore, supplementation of probiotic, L. casei in
combination with ascorbic acid had a positive influence in alleviating summer stress

in New Zealand White rabbits.
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5.3.3 Mean monthly serum cortisol values

The mean monthly serum cortisol values (Table 4.13) suggested that the four
treatments did not differ significantly during the entire experimental period. The
animals in the T1, T2 and T3 group had numerically lower mean monthly serum
cortisol levels than T4 animals. This finding was contradictory to the observations
made in chicken by Karthiayini et al. (2007). Some studies showed that blood
glucocorticoids either increase (Satterlee ef al. 1977), decrease (Collier ef al. 1982) or
are not affected (E1-Nouty et al., 1980) by heat stress. The literature dealing with the
effect of hot climate on blood cortisol level was rather conflicting (Marai et al. 2002).
In the present study significant difference was observed for faecal cortisol but not for
serum cortisol. Blood collection for estimation of cortisol was done in the morning
and the temperature humidity index values in the moring were lower than 27.8
indicating absence of stress in rabbits in the morning while the THI values were high
in the afternoon. The lack of stress in the morning hours might be the logical reason
for not showing any significant difference in serum cortisol among the four

{reatments.

5.4 DISEASE INCIDENCE AND MORTALITY

Disease incidence or mortality was not observed during the experimental period.
This is contrary to the findings of Devi et al. (1990) who stated that heavy rabbit
mortality due to pasteurellosis was seen during the period from March to June. Many
authors reported incidence of diseases in rabbits during hot summer [Patton (1984)
and Nandakumar (1995)]. Temperature humidity index values above 30 indicated
very severe stress in rabbits (Marai ef al. 2001). As per the results obtained for faecal
cortisol and temperature humidity index values, the animals were subjected to stress
in the first and second month while no stress prevailed in the third month in this

study. The mean temperature humidity index values never exceeded very severe
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levels (> 30). The difference in results in the present study to that of Devi et al.
(1990) and Nandakumar (1995) might be due to the lower level of stress in this study.

5.5 COST EFFECTIVENESS OF SUPPLEMENTING PROBIOTIC AND
ASCORBIC ACID

[ 4

The cost of production is the basic measure of economic efficiency in rabbit
husbandry (Biya (2006)). Since feed is the major factor contributing to the cost of
production, the economics had been calculated based on feed cost. Cost of production
per kilo gram live weight on feed basis for the different treatment groups is presented
in Table 4.14. The cost of production (Rupees) was lowest for T3 (76.28), followed
by T2 (79.67), T1 (96.08) and T4 (114.70). These observations were supported by the
findings of Abd-Elhalim (2008) who stated that supplementation of probiotic
improved the economic efficiency of New Zealand White rabbits. Many authors
reported that the economic gain from rabbits was low during higher environmental
temperature (Bovera ef al. (2008) Marai ef al. (1999) and Yamani and Khalil (1994)).
Hence it could be concluded supplementation of probiotic, Lactobacillus casei and
ascorbic acid in feed had a positive effect in improving the economic efficiency in

rabbit production.

From the current study it could be concluded that supplementation of
probiotic and ascorbic acid can be effectively and economically used to alleviate

summer stress in growing broiler rabbits.
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6. SUMMARY

The research work was conducted to study the efficacy of probiotic
(Lactobacillus casei) and ascorbic acid in alleviating summer stress in growing
broiler rabbits. The study was done in the summer season from March to May. The
growth performance of rabbits in summer, their physiological response to stress and
the cost effectiveness of supplementing probiotic, Lactobacillus casei and ascorbic

acid were studied.

Twenty four weaned New Zealand White rabbits were randomly selected
from Rabbit unit at Krishi Vigyan Kendra, Kerala Agricultural University,
Vellanikkara as uniformly as possible with respect to age and body weight and were
utilized for the study. The animals were allotted randomly to the experimental
treatments and each of the four treatments was replicated six times. The treatments
were as follows: Treatment 1 (T1) - Ascorbic acid (Merck) at the rate of 200 mg per
kg feed was given along with the basal diet, Treatment - 2 (T2) - Probiotic,
Lactobacillus casei (Unique Biotech) containing 10° colony forming units per gram
of feed was given along with the basal diet, Treatment - 3 (T3) - Probiotic and
Ascorbic acid at the same rate as in T1 and T3 were given along with the basal diet

and Treatment - 4 (T4) - Rabbits fed with basal diet alone.

The various parameters studied included maximum and minimum temperature
and relative humidity (morning and afternoon) in macro climate, maximum and
minimum temperature, dry bulb temperature (morning and afternoon) and relative
humidity (morning and afternoon) in micro climate, production parameters like
weekly body weight, daily feed intake, average daily body weight gain and feed
efficiency, physiological parameters like weekly respiration rate, weekly rectal
temperature and monthly cortisol levels (faecal and serum) (twice a month for three

months). The disease incidence and mortality in the rabbitry
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during the period was recorded. Cost effectiveness of supplementing probiotic and
ascorbic acid was determined. The results were analyzed using appropriate statistical

tools.

By one way Analysis of variance it was found that supplementation of
probiotic, Lactobacillus casei and ascorbic acid had significant effect in alleviating
summer stress in rabbits. The treatments groups differed significantly in mean weekly
body weight, mean daily body weight gain, feed efficiency, respiration rate and faecal
cortisol level. There was no significant difference between the treatments in mean

daily feed intake, rectal temperature and serum cortisol level.

The changes in environmental variables all throughout the study period
revealed that the animals were exposed to stress during March and April. No
significant difference (P>0.05) existed between macro and micro climatic variables
during the experimental period. The mean monthly maximum temperature in the
rabbitry was highest in March (34.12+£0.04°C) and lowest in May (30.01+0.04°C).
The mean monthly minimum temperature in the rabbitry was highest in April
(25.6+0.02°C) and lowest in May (24.1+0.02°C). The relative humidity was highest
in May both in the morning (92.68+0.07%) and afternoon (71.19+0.33%). The mean
weekly temperature humidity index (THI) values were higher in the afternoon
compared to the morning. The mean monthly temperature humidity index values
suggested that animals were under moderate heat stress in the first (28.45+0.16) and
the second month (28.50+0.22), while no stress prevailed in the third month
(26.83+£0.21). The temperature humidity index (THI) value was lowest in the 120
week of the experiment when the dry bulb temperature was lowest and relative

humidity was highest.

Mean weekly body weights of different treatments showed that there was a
significant (P<0.05) difference among them towards the end of the experimental

period. The rabbits in the T3 group was significantly (P<0.05) higher than T4 rabbits
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from the tenth week onwards. The T3 animals had the highest final mean weight
among the four treatments. The T2 animals had significantly (P<0.05) higher body
weight than T4 animals from the eleventh week onwards. There was no significant

difference between T1 and T4, but T1 had a numerically higher body weight than T4.

* The mean daily body weight gain of New Zealand White rabbits revealed that
T1, T2 and T3 animals had higher body weight gains than T4 from the first week
onwards. Significant difference (P<0.05) was there between T3 and T4 animals from
the ninth week onwards. The T1, T2 and T3 rabbits had significantly (P<0.05) higher

overall mean body weight gain than T4.

Dietary supplementation of probiotic, Lactobacillus casei and ascorbic acid
did not make a significant difference (P>0.05) in the feed intake of rabbits reared in
summer. The T1, T2 and T3 rabbits recorded numerically higher overall mean values

compared to T4 rabbits.

The feed efficiency on dry matter basis among the four treatments differed
significantly (P<0.05). The T3 animals had significantly (P<0.05) higher feed
efficiency compared to T4 animals from the ninth week onwards. The TI1
(6.02+0.33), T2 (5.42+0.33) and T3 (4.72+0.15) rabbits had significantly higher
overall mean feed efficiency compared to T4 (7.91+0.44) rabbits.

The mean weekly respiration rate of the different treatments revealed that T1
and T2 animals had significantly (P<0.05) lower and T3 animals had numerically
lower overall mean respiration rate compared to T4 animals. The T2 rabbits had a
significantly (P<0.05) lower respiration rate compared to T4 rabbits from the first
week to third week, fifth week and from the seventh week to tenth week. The TI
animals had a significantly (P<0.05) lower respiration rate compared to T4 from the

eighth week onwards. The highest values for respiration rate in T4 group was
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obtained in the second (125.67 + 0.95 cycles per min) of the experimental period
when the dry bulb temperature (second week (34.79+0.45°C) reached peak levels.
The supplementation of probiotic, Lactobacillus casei and ascorbic acid did
not exert a significant effect on the mean weekly rectal temperature of New Zealand
White rabbits reared in summer season. The mean rectal temperature values of T1, T2

and T3 were comparatively lower than T4.

The mean monthly faecal cortisol values in the four treatments had significant
difference in the first (P<0.001) and the second month (P<0.05). The animals in T1
and T3 group were significantly lower than T4 in the first (P<0.001) and second
month (P<0.05) while T2 animals had a numerically lower value compared to T4 in
first two months. No significant difference (P<0.05) in faecal cortisol existed between
the different treatments in the third month but T1, T2 and T3 rabbits had numerically
lower faecal cortisol values than T4 rabbits in the third month. The highest values for
faecal cortisol in all the treatments were obtained in the second month when the
minimum ambient temperature was the highest (25.17£0.05°C). Considering the
control group alone, the lowest value for faecal cortisol was obtained in the third
month (5.70+1.41ug per dl) compared to the first (6.12+ 1.8541pg per dl) and second
month (7.58+0.1541ug per dl) when the temperature humidity index was lowest. The
mean monthly serum .cortisol values suggests that the treatments did not differ

significantly (P>0.05) during the entire study period.

Disease incidence or mortality was not observed during the experimental period.
The cost effectiveness of supplementing probiotic and ascorbic acid were determined.
Supplementation of probiotic and ascorbic acid was found to be efficient in reducing
the production economics. Hence it was concluded that supplementation of probiotic,
Lactobacillus casei at the rate of 10° cfu per g of feed and ascorbic acid at the rate of
200 mg per kg feed in combination was found to be most effective and economic in

alleviating summer stress in growing broiler rabbits.
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ABSTRACT

The research work was conducted to study the efficacy of probiotic (Lactobacillus
casei) and ascorbic acid in alleviating summer stress in growing broiler rabbits. The
study was done in the summer season from March to May. The growth performance
of rabbits in summer, their physiological response to stress and the cost effectiveness

of supplementing probiotic, Lactobacillus casei and ascorbic acid were studied.

Twenty four weaned New Zealand White rabbits were randomly selected
from Rabbit unit at Krishi Vigyan Kendra, Kerala Agricultural University,
Vellanikkara were utilized for the study. They were divided into four groups of six
animals each. The treatments were as follows: Treatment I (T1) - Ascorbic acid
(Merck) at the rate of 200 mg per kg feed was given along with the basal diet,
Treatment - 2 (T2) - Probiotic, Lactobacillus casei (Unique Biotech) containing 108
colony forming units per gram of feed was given along with the basal diet, Treatment
- 3(T3) - Probiotic and Ascorbic acid at the same rate as in T, and T; were given

along with the basal diet and Treatment ~ 4 (T4) - Rabbits fed with basal diet alone.

The various climatic parameters studied were maximum and minimum
temperature and relative humidity (morning and afternoon) in macro climate and
maximum and minimum temperature, dry bulb temperature (morning and afternoon)
and relative humidity (morning and afternoon) in micro climate. The production
parameters recorded were weekly body weight, daily feed intake, average daily
weight gain and feed efficiency. The physiological parameters studied were weekly
respiration rate, weekly rectal temperature and monthly cortisol (faecal and serum)
values (twice a month for three months). Disease incidence and mortality during the
périod was recorded. Cost effectiveness of supplementing probiotic and ascorbic acid

was determined.



The mean monthly temperature humidity index values suggested that animals
were under moderate heat stress in the first (28.45+0.16) and the second month
(28.500.22), while no stress prevailed in the third month (26.83+0.21). By one way
Analysis of variance it was found that supplementation of probiotic, Lactobacillus
casei and ascorbic acid had a significant effect in alleviating summer stress in rabbits.
The animals in the T1 group showed significantly (P<0.05) higher overall mean daily
body weight gain, overall mean feed efficiency and significantly (P<0.05) lower
overall mean respiration rate and faecal cortisol level compared to T4 animals. The
rabbits in T2 treatment showed significantly higher (P<0.05) final body weight,
" overall mean daily body weight gain, overall mean feed efficiency and significantly
(P<0.05) lower overall mean respiration rate compared to T4. The rabbits in the T3
group showed significantly higher (P<0.05) final body weight, overall mean daily
body weight gain, overall mean feed efficiency and significantly (P<0.05) lower
overall mean faecal cortisol level compared to T4. There was no significant
difference (P>0.05) between the treatments in mean feed intake, rectal temperature
and serum cortisol. No disease incidence or mortality was observed during the
experimental period. Supplementation of probiotic and ascorbic acid was found to be
efficient in reducing the production economics. Hence it was concluded that
supplementation of probiotic, Lactobacillus casei at the rate of 108 cfu per g of feed
and ascorbic acid at the rate of 200 mg per kg feed in combination was found to be

most effective and economic in alleviating summer stress in growing broiler rabbits.



