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The control of parasitic helminths in 

domestic animals relies largely on the 

use of anthelmintic drugs. Although 

anthelmintics are used in all domestic 

species, the largest market is undoubt-

edly the ruminant market, especially 

cattle, where millions of pounds are 

spent annually in an effort to reduce 

the effects of parasitism. The tradi-

tional method to control the gastroin-

testinal nematodes is the use of chemi-

cal dewormers. There are three major 

classes of anthelmintics that are wide-

ly used for the control of nematodes in 

small ruminants: Benzimidazoles, 

Macrocycliclacctones and Imidazothia-

zoles/ Tetrahydropyrimidines. Howev-

er, the frequent use of these com-

pounds has caused resistance to the 

anthelmintics in numerous species. 

Factors responsible for failure of 

anthelmintics 

1. Inadequate integration between 

management strategies and 

chemotherapy. 

2. Incorrect use of anthelmintic 

drugs. 

3. Insufficient understanding of the 

relationship between pharmaco-

logical properties, and several 

host-related factors. 

4. The time of parasite exposure to 

active drug concentrations deter-

mines the efficacy or persistence 

of activity. 

Anthelmintic Resistance 

Drug resistance is heritable and re-

peated dosing will therefore select for 

an increasing proportion of resistant 

individuals. The mechanisms involve 
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either differences in drug metabolism 

within the parasite or mutations at 

the binding site of the drug. The prev-

alence and severity of anthelmintic 

resistance is increasing and leading to 

uncontrolled loss of production. Hel-

minth resistance to anthelmintics has 

been most frequently recorded in 

sheep and goats (mainly Haemonchus 

spp and Trichostrongylus spp in tropi-

cal and subtropical regions and 

Teladorsagia in temperate areas) and 

horses (mainly the small strongyles), 

and initially involved the benzimidaz-

ole group of compounds. Over the last 

decade resistance to all three chemical 

classes of broad-spectrum anthelmin-

tics, 1-BZ (benzimidazoles and proben-

zimidazoles), 2-LM (levamisole/

morantel) and 3-AV (avermectins/

milbemycins), and in some cases to the 

narrow-spectrum anthelmintics, such 

as closantel, has become more wide-

spread in nematode parasites of small 

ruminants. Studies have shown mini-

mal reversion to susceptibility in high-

ly selected homozygous isolates follow-

ing withdrawal of the selecting drug 

and, as a consequence, once resistant 

worms are present on a livestock en-

terprise they can be considered as per-

manent. Therefore, it is important to 

be able to detect the presence of 

emerging resistant isolates at an early 

stage. Unfortunately, the in vivo fae-

cal egg count reduction test and the in 

vitro egg hatch assay, larval develop-

ment assay and larval migration inhi-

bition assay, used to detect the pres-

ence of resistant worms.  

Detection of Anthelmintic Re-

sistance 

The presence of anthelmintic re-

sistance can be detected in flocks in a 

number of ways. 

 In vivo methods 

FECRT (Faecal egg count reduc-

tion test) 

The FECRT provides an estimation of 

anthelmintic efficacy by comparing 

faecal egg counts of animals before 

and after treatment.  

1. Randomly distribute or distribute 

based on egg counts 

2. Choose animals 3–6 months of 

age or if older with eggs counts 

>150 epg. 

3. Use 10 animals per group if pos-

sible. 

4. Rectal sample putting 3–5 g into 

individual pots. 

5. Count using the McMaster tech-

nique as soon as possible after 

collection. 

6. Individually weigh animals and 

give manufacturers recommend 

dose orally, from a   syringe. 

7. Take second rectal sample at the 

following time periods after treat-

ment: Levamisole 3–7 days. Ben-

zimidazole 8–10 days. Macrocy-

clic lactones 14–17 days. 

Control efficacy test 

When results from an FECRT under-

taken 10 days post-treatment are not 

definitive, the efficacy test can be car-

ried out to reach final conclusions. A 

complete parasitological necropsy 

should be performed in five animals 

selected at random from both groups 
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used in the FECRT to determine the 

worm burden in each test group. 

Critical anthelmintic test 

It is based on the collection of faeces 

from animals for at least 4 days after 

treatment and count the number of ex-

pelled worms. A residual worm burden, 

if any, is then estimate by post slaugh-

ter examination of the GIT, and effica-

cy of the drug calculated. However, this 

test is not suitable for animal worms 

which undergo digestion during pass-

ing through the intestinal tract. 

Controlled slaughter test 

It is consider most reliable method for 

evaluating the anthelmintic activity 

and is recommended for dose determi-

nation and dose confirmation trials.  

Animals randomly allocated to medi-

cated and non medicated group, and 

after a suitable period animals are 

slaughtered.  The parasite remaining 

in the GIT or tissue is identified, count-

ed and efficacy of the drug may be cal-

culated as follows 

Xg indicates the geometric mean num-

ber of parasites. 

In vitro methods 

Egg Hatch Test 

Benzimidazole anthelmintics prevent 

embryonation and hatching of nema-

tode eggs. A number of egg hatch/

embryonation assays have been devel-

oped for the detection of resistance to 

this group of anthelmintics.  

The Egg hatch test methods 

1. Add 1.89 ml water to each well in a 

24 well plate. This should be deionised 

water with a neutral pH. Then add 10 

ml of thiabendazole solution dissolved 

and diluted in DMSO to the water. Add 

DMSO to the control wells 

2. To determine the degree of re-

sistance use 0.05, 0.1, 0.2, 0.3 and 0.5 

mg/ml thiabendazole. A single concen-

tration of thiabendazole can be used, 

the discriminating dose. 

3. Place 100 ml of fresh eggs (less than 

3 h old or anaerobically stored) in each 

well. Since thiabendazole may bind to 

debris the eggs should be as clean as 

possible. Incubate at 250C for 48 h. 

4. Add two drops of Lugol’s iodine to 

each well. Count at least 100 of the re-

maining eggs and hatched larvae.  

Larval development tests (LDTs) 

First stage larvae were cultured to 

third stage larvae in the presence of 

heat treated lyophilised Escherichia 

coli, as a food source, and the anthel-

mintic under test. Suitable controls 

were also run without the presence of 

anthelmintic. The test was able to 

show clear differences between benzim-

idazole resistant and susceptible 

strains of H. contortus and was also 

able to detect a levamisole resistant 

strain of H. contortus.  

Larval paralysis and motility assay 

(Larval migration inhibition assay) 

The test is used for levamisole and mo-

rantel resistance. This assay discrimi-

nates between resistant and suscepti-

ble strains of parasites, by estimating 

the proportion of third stage larvae in 

tonic paralysis after incubation with a 
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range of levamisole and morantel drug 

concentrations. It is relatively easy to 

carry out, stocks of infective larvae are 

readily obtained and it is reported 

that there is a fairly good reproducibil-

ity of the test, any differences in re-

peatability being attributed to the age 

of larvae. However, the interpretation 

is complicated by the fact that if the 

anthelmintic is added to the egg sus-

pension too early, the development 

has not proceeded far enough; if it is 

added too late the drug has no effect. 

Biochemical tests  

The mechanism of benzimidazole re-

sistance appears to be associated with 

a reduced affinity of tubulin for the 

anthelmintic. Biochemical assays com-

paring non-specific esterases and ace-

tylcholinesterases of benzimidazole 

resistant and susceptible trichostron-

gylid nematode strains have also been 

described. In these studies a simple 

colorimetric assay was developed in 

which samples were compared either 

by visual examination or through the 

use of a densitometer. Significantly 

greater esterase or acetylcholinester-

ase activity was found in the benzim-

idazole resistant strains. 

Molecular techniques  

Knowledge on the molecular mecha-

nisms of anthelmintic resistance is 

mainly confined to the benzimidazoles.  

It is correlated with single nucleotide 

polymorphism on the β tubulin isotype 

1 gene. Three mutation can be used as 

markers for the detection of re-

sistance, namely at position 200 and 

167 (both TTC to TAC) or at position 

198 (GAA to GCA) by allele-specific 

PCRs. The molecular basis of re-

sistance to other anthelmintic drugs 

remains largely unknown. The mecha-

nism of levamisole resistance is 

thought to be associated with a reduc-

tion in the number of nicotinic acetyl-

choline receptors (nAChR) of nema-

todes or a change in their binding 

characteristics. The proposed mode of 

action of the avermectins and milbe-

mycins involves the binding of the 

drug to α subunit of a glutamate-gated 

chloride channel that opens or potenti-

ates gating and leads to hyperpolari-

sation of the target neuromuscular 

cell. Research on p-glycoproteins, 

which appear to act as drug transport-

ers at the cell membrane, suggests 

that they may be involved in re-

sistance to ivermectin. 

Conclusion  

Due to emergence of resistant strains 

of the parasite we need alternative 

control strategies, such as vaccines, 

breeding ‘worm-resistant’ breeds and 

pasture control using nematophagous 

fungi, dietary supplementation with 

rumen bypass protein or forages rich 

in condensed tannins. Much effort has 

been directed towards the develop-

ment of a vaccine against H. contortus 

and a number of promising candidate 

vaccine antigens have been identified. 
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The poultry industry has emerged as 

the fastest growing segment of the 

livestock sector both globally and in 

India. In broiler farming feed cost 

alone accounts to more than 70 per-

cent of the expenditure on chicken 

rearing and therefore net returns from 

broiler production are greatly depend-

ent on the quantity and quality of the 

feed offered to broilers. Source of pro-

tein being the costliest dietary ingredi-

ent, attempts are therefore being 

made by research workers by altering 

crude protein content of broiler diet 

without affecting the performance.  

In India, mostly the protein levels rec-

ommended by the Bureau of Indian 

Standard (2007) are taken as a guide-

line in providing nutrient require-

ments for flocks. However, modern 

broilers consume less feed per unit 

body weight gain and reach their tar-

get weights in fewer days due to ge-

netic improvements compared to broil-

ers used before (Dozier et al., 2008). 

This necessitates that the dietary ami-

no acids need of the modern commer-

cial broiler should be increased to cope 

up with the increased rate of growth. 

It has been recognized that, poultry 

actually require a specific quantity 

and balance of the dietary essential 

amino acids and sufficient nitrogen for 

synthesis of the non-essential amino 

acids, rather than merely crude pro-

tein content (Abudabos and Aljumaah, 

2012). Therefore, fulfilling dietary 

amino acid needs for optimum growth 

and meat yield has been recognized to 

be of utmost importance in broiler nu-

trition (Dozier et al., 2008). Thus, with 

reduction in the level of CP of the ra-
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tion, it is possible to achieve signifi-

cant cost savings (Dozier et al., 2008). 

Formulating broiler feed with lower 

CP and with supplementation of limit-

ing essential amino acids could be one 

of the possible approaches to reduce 

feed cost without compromising the 

performance of the broilers. 

Methionine, lysine and threonine are 

the first three limiting amino acids in 

corn-soya based diet (Ayasan et al., 

2009). Lysine is used as the reference 

to which all the other indispensable 

amino acids are rationed to achieve an 

ideal protein pattern. Almost all of the 

lysine in the diet is used for protein 

accretion and that is the reason, why 

it is considered as a reference amino 

acid. 

Lysine not only increases protein syn-

thesis but also decreases protein ca-

tabolism (Kidd and Fancher, 2001). 

Lysine content in breast muscle is rel-

atively higher than other amino acids 

and represents approximately 7 per 

cent of the protein in breast meat. 

Breast muscle provides the greatest 

portion of edible meat in broilers and 

the contribution of breast muscle to 

total of carcass meat is approximately 

30 per cent of total carcass meat and 

contributes close to 50 per cent of total 

edible carcass protein and also help in 

improve FCR if supplemented above 

requirement.  

Methionine acts as a lipotropic agent 

through its role as an amino acid in 

balancing protein or through its role 

as a methyl donor and involvement in 

choline, betaine, folic acid, and vita-

min B12 metabolism. Methionine sup-

plementation over and above require-

ment increases body weight gain and 

FCR in broiler chicken. 

Threonine participates in protein syn-

thesis and its catabolism generates 

many products important in metabo-

lism (i.e. glycine, acetyl-CoA and py-

ruvate). It serves as a component of 

body protein and precursor of glycine 

and serine which are involved in im-

mune responses, needed in gastroin-

testinal mucin production. 

Supplementation of synthetic amino 

acids to diet is important not only on 

nutritional and economic aspects, but 

also on environmental aspects by de-

creasing nitrogen excretion from poul-

try which results in decreased ammo-

nia production in the shed. Reduction 

in protein level in broiler diet can also 

allow for the use of a greater variety of 

feedstuffs which can be valuable in it 

as a method to increase flexibility in 

the choice of locally available 

feedstuffs. 

Now a days it has been emphasized 

that, poultry feed should be formulat-

ed in such a way so as to produce the 

most economical finished product, ra-

ther than trying to meet the rigid set 

of feed specification. The formulation 

of protein and amino acid-balanced 

diets for broiler chickens without syn-

thetic amino acid supplementation has 

limitations because of relatively high 

requirements of amino acids and as 

such synthetic amino acid supplemen-

tation has become an interesting part 

of the formulation.  

 
January 2018 
Vol 1| Issue 1 

Page 9 | 

 
Jan-Feb, 2018 

Vol 1| Issue 1 

 
Mar - Apr, 2018 

Vol 1| Issue 2 



 10 

 

The most economical crude protein 

and amino acid levels in feed may not 

necessarily be the levels that contain 

the required amino acid levels for 

maximum growth or minimum carcass 

fat but the diets providing the largest 

difference between costs and returns. 

It is also necessary to observe whether 

supplementation of low protein broiler 

diet with synthetic source of methio-

nine, lysine and threonine as first, sec-

ond and third limiting amino acids can 

give better profit without compromis-

ing broiler performance. 

It has been found that the amino acid 

supplementation to birds with low pro-

tein diet will help to increase body 

weight by utilizing nutrient efficiently 

due to availability of extra amino acids 

for anabolism. Moreover, adding the 

essential amino acids such as lysine, 

methionine and threonine to the 7.5 

per cent low crude protein diets will 

improve the cumulative FCR and can 

overcome the adverse effects of the low 

crude protein levels in the diets. It is 

due to better availability and balance 

of limiting amino acid that trigger the 

efficiency of protein utilization for 

body weight gain. 

Low protein (7.5%) diet is responsible 

for the deposition of abdominal fat per 

cent while supplementation with syn-

thetic amino acids decreases the depo-

sition of abdominal fat. The higher 

level of abdominal fat because of de-

creased dietary protein widened the 

calorie protein ratio resulting in to 

higher energy intake relative to pro-

tein intake. This increased energy in-

take will be diverted towards fat syn-

thesis and its deposition in abdominal 

area, and this effect can be overcomes 

by supplementation of amino acid 

above the given standard when pro-

tein level is decreased in broiler chick-

en. 

Conclusion 

The reduction of crude protein content 

of broiler feed along with extra provi-

sion of the lysine, methionine and 

threonine will not affect live body 

weight, feed conversion ratio, dressing 

percentage, breast meat percentage 

and net profit per kg live body weight. 

Further research is needed to unveil 

the many more facts regarding supple-

mentation specific limiting amino ac-

ids to broilers. 
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Abstract 

In recent years, we have witnessed a 

number of major disasters in and 

around India which have caused un-

told miseries and havoc to human as 

well as animal life and property. India 

has been vulnerable to many natural 

disasters on account of its unique geo-

climatic conditions. Floods, droughts, 

cyclones, tsunami, earthquakes and 

landslides have been recurrent phe-

nomena in India. Although in disaster 

the major objective is to safe guard hu-

man lives, but one must think about 

animals as they are also severely af-

fected. The aim of the article is to re-

view the role of veterinarian in disas-

ter involving livestock sector, chal-

lenges with respect to Indian sub-

continent and how to address these 

challenges. 

Introduction  

The impact of Indian Ocean tsunami, 

Kashmir earthquake, Sichuan earth-

quake and Nargis Cyclone are still be-

ing felt by the affected communities. 

India is vulnerable to various natural 

disasters viz. floods, droughts, cy-

clones, tsunami, earthquakes and 

landslides. About 60% of the landmass 

is prone to earthquakes of various in-

tensities; over 40 million hectares to 

floods; about 8% of the total area to 

cyclones and 68% of the area is sus-

ceptible to drought (GOI, 2004). 

According to an estimate by the World 

Bank, direct losses from natural disas-

ter are up to 2% of Indian Gross Do-

mestic Product (GDP) (Kumar, 2012). 

Whereas according to the World Disas-
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ter Report 2010, during the period 

from 2000-2009, as many as 85% of 

people affected by disaster belonged to 

the Asia Pacific region. More than 90% 

of global population exposed to flood 

lives in south Asia, East Asian and 

Pacific countries (UNISDR, 2001). 

Definition 

The World Health Organization 

(WHO) defines disaster as ‘any occur-

rence that causes damage, economic 

destruction, loss of human life and de-

terioration in health and health ser-

vices on a scale sufficient to warrant 

an extraordinary response from out-

side the affected community or ar-

ea’ (Kumar, 1998). 

Disaster Management Act 2005, de-

fines disaster as “A catastrophe, mis-

hap, calamity or grave occurrence in 

any area, arising from natural or man-

made causes, or by accident or negli-

gence which results in substantial loss 

of life or human suffering or damage 

to, and destruction of property, or 

damage to, and degradation of envi-

ronment and is of such a nature or 

magnitude as to be beyond the coping 

capacity of the community of the af-

fected area” (HPC, 2002). 

Types of Disasters 

Broadly disasters can be categorized, 

as natural disasters, which result from 

natural phenomena, or manmade dis-

asters, that result from man’s inter-

vention or non-intervention. Further, 

both natural and manmade disasters 

can be sub-categorized as major and 

minor. 

A. Natural disasters 

Major natural disasters: flood, cyclone, 

drought, earthquake and tsunami etc. 

Minor natural disasters: cold wave, 

thunderstorms, heat waves, mud 

slides and storm etc. 

B. Manmade disaster 

Major manmade disasters: setting of 

fires, epidemic, deforestation, pollu-

tion due to prawn cultivation, chemi-

cal pollution and wars etc. 

Minor manmade disasters: Road/ train 

accidents, riots, food poisoning, indus-

trial disaster/ crisis and environmen-

tal pollution etc. 

A High Powered Committee in 2001 

(HPC) identified a total of 31 disasters 

in India and categorized them into five 

major groups. 

1. Water and climate related disas-

ters: Floods and drainage manage-

ment, cyclones, tornadoes and hurri-

canes, hailstorm, cloud burst, heat 

wave and cold wave, snow avalanche, 

droughts, sea erosion, thunder and 

lightning etc. 

2. Geologically related disasters: 

Landslides and mudflows, earth-

quakes, dam failures/ dam bursts and 

mine fires etc. 

3. Chemical, industrial and nucle-

ar related disasters: Chemical dis-

asters due to accidental leakage of 

chemical, gas or any other toxic sub-

stance and leakage of nuclear radia-

tion/ substance from nuclear power 

plant etc. 

4. Accident related disasters: For-

est fires, urban fires, mine flooding, oil 

spill, major building collapse, serial 

bomb blasts, festival related disasters, 
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electrical disasters, fires, air, road and 

rail accidents, boat capsizing and vil-

lage fire, etc. 

5. Biologically related disasters: 

Biological disasters and epidemics, 

pest attacks, cattle epidemics and food 

poisoning. 

Disaster involving livestock 

The two major disasters related to an-

imals are epizootics and geophysical 

events (Heath, 1999; FAO, 1991). Epi-

zootic diseases have killed large popu-

lations of animals and have reduced 

the production efficiency of many ani-

mals. Numerous geophysical disasters 

also affect livestock population and 

agriculture every year and cause con-

siderable loss of animal life and spoil-

age of processed foods for humans and 

animals (Tremblay and Martineau, 

1994; Cassina et al., 1992). 

 Although in disaster the major 

objective is to safe guard human lives, 

but one must think about animals as 

they are also severely affected. Gener-

ally, disaster affect animal by one of 

the following reasons: due to shortage 

of feed and fodder; spoilage of food and 

water supply; zoonoses; animal bites; 

damage to both domestic and wild ani-

mal species, lack of space and the dis-

eases which spread during and after a 

disaster (Sen and Chander, 2003). 

 Animal displacement commonly 

occurs during periods of disaster. 

These displaced domesticated and 

wild animals, rats; insects, snakes, 

and reptiles often result in an in-

creased incidence of bites to animals 

and human. Diseases transmitted by 

rodents, vectors and other animals 

may increase during heavy rainfall 

and flooding because of altered pat-

terns of contact (Diaz, 2007). Finally, 

diseases among sick animals 

(contagious diseases) may spread to 

other animals and even to the human 

population (zoonosis), such as rabies, 

tuberculosis, and avian influenza. 

Disaster preparedness and re-

sponse in livestock  

  Disaster preparedness is im-

portant for all animals, but it is par-

ticularly important for livestock be-

cause of the animals' size and their 

shelter and transportation needs. Dis-

asters can happen anywhere and can 

take many different forms, from barn 

fires to hazardous materials spills to 

propane line explosions, and train de-

railments all of which may necessitate 

evacuation. It is imperative that you 

be prepared to protect your livestock, 

whether by evacuating or by shelter-

ing in place. Following steps can be 

taken to ensure the disaster prepared-

ness and to minimize the disaster loss-

es by making a disaster plan to pro-

tect your property, facilities and ani-

mals.  

Create a list of emergency telephone 

numbers, including those of your em-

ployees, neighbors, state veterinarian, 

poison control, local animal shelter, 

animal care and control, county exten-

sion service, local agricultural schools, 

trailering resources, and local volun-

teers. 

If evacuation is not possible, a deci-

sion must be made whether to confine 
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large animals to an available shelter 

on your farm or leave them out in pas-

tures. Owners may believe that their 

animals are safer inside barns, but in 

many circumstances, confinement 

takes away the animals' ability to pro-

tect them. This decision should be 

based on the type of disaster and the 

soundness and location of the shelter-

ing building.  

The leading causes of death of large 

animals in hurricanes, storm, floods 

and similar events are collapsed 

barns, dehydration, electrocution, and 

accidents resulting from fencing fail-

ure.  

If you own farm animals, you should 

take precautions to protect them from 

these hazards, no matter what the dis-

aster potential for your area and evac-

uate animals as soon as possible.  

Be ready to leave once the evacuation 

is ordered by local authorities.  

Arrange for a place to shelter your an-

imals.  

Plan ahead and work within your com-

munity to establish safe shelters for 

farm animals. 

Potential facilities include fair-

grounds, other farms, racetracks, hu-

mane societies, convention centers, 

and any other safe and appropriate 

facilities you can find.  

Survey your community and potential 

host communities along your planned 

evacuation route. 

Make a disaster kit so you have sup-

plies on hand in the event of a disas-

ter.  

Place the kit in a central location and 

let everyone know where it is. 

Check the contents regularly to ensure 

fresh and complete supplies.  

Disaster kit must contain current list 

of all animals, including their location 

and records of feeding, vaccinations, 

and tests and basic first aid kit includ-

ing handling equipment such as hal-

ters, cages appropriate for each kind of 

animal and other safety and emergen-

cy items for your vehicles and trailers. 

Feeding and nutritional aspects 

during disaster  

In the calamities, there are acute 

shortage of feed, fodder and drinking 

water for livestock. Saving of animal’s 

life is considered on priority basis. The 

Feeding strategies can be developed 

with two major objectives: 

To feed animals for maintenance that 

ensures survival of animals. 

To feed productive stock, such as preg-

nant and lactating cows preferentially. 

It is useful to produce complete feed 

for use during calamities. Biologically 

complete feeds with appropriate bal-

ances of roughage and concentrates 

may lead to better utilization of locally 

available crop residues agricultural by

-products and waste. The transport of 

complete feed is easy and low in cost. 

Animals maintained on malnutrition 

condition for prolonged period are sup-

posed to suffer from different diseases 

and immunity of animals goes down. 

So immediately, when the scarcity pe-

riod is over, animals should be ade-

quately fed taking care of supplemen-

tation of different minerals and vita-

mins.  
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Role of veterinarians in disaster 

 Veterinarians have been pioneers 

to animal health throughout the globe 

and are responsible for the eradication 

of many diseases from many regions 

and countries (PAHO, 1982). Veteri-

narians have also responded to the 

needs of countries affected by geophys-

ical disasters on many occasions (FAO, 

1991).  

 Veterinarians are in unique posi-

tion to strengthen the countries sur-

veillance and disaster management 

system, due to their ideal position in 

society, easy access to the animal own-

ers, their knowledge and trainings. 

Last but not the least their role in the 

human animal bond is also to be not-

ed. These professional competencies 

are essential for identification and 

management of disaster involving hu-

man and animal health. Appropriate 

surveillance, clinical curiosity, epide-

miological studies and disaster train-

ing are the essential tools that veteri-

narians must use to meet the chal-

lenges of any disaster. Thus, we and 

our colleagues greatly enhanced the 

ability to rapid implementation of dis-

aster management programme and 

work together to improve the animal 

health status of our communities by: 

• Notifying any suspected or con-

firmed case or outbreak involving 

a disease of public health im-

portance during or after disaster. 

• Cooperate with administrative 

and public health authorities 

during surveillance. 

• Implementing control measures 

including isolation and quaran-

tine of animals as per the recom-

mendation of authorities. 

• Collection of data from animal 

owners, zoo, and wildlife parks, 

dispensaries, private clinics and 

dispersing them to the concerned 

and needful authorities. 

• Educating and counseling of ani-

mal owners regarding the zoono-

tic aspect of the disease, their 

control, diagnosis, prophylactic 

measures and treatment etc. 

• Encouraging clients for micro 

chipping, tagging and tattooing 

for permanent identification. 

• Providing copies of medical and 

vaccination records to clients. 

• Informing clients of resources 

that provide information on fami-

ly preparedness and developing 

an emergency kit for human and 

animals. 

• Encouraging clients to keep col-

lars or harnesses with identifica-

tion on all pets 

• Encouraging farm clients to es-

tablish a “sister” farm that can 

help transport and/or accommo-

date their livestock in a disaster. 

• Offer guidance on the most ap-

propriate place on the farm to 

house the animals during a flood, 

barn fire, or blizzard. 

• Participate as volunteer with lo-

cal disaster response team or a 

regional-level animal disaster 

team as a veterinary resource. 

Conclusion 

The evolving sphere of disaster man-
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agement is offering the veterinarians 

an opportunity to take a leading role 

in animal welfare during disasters. To 

systematically implementing the full 

range of activities righty from prepar-

edness, response prevention, and re-

covery from the disasters, veterinari-

an should steer their work. As vets, 

we are in a position to understand the 

issues surrounding disease epidemiol-

ogy, nutritional and behavioral as-

pects of animal management, as well 

as husbandry methods for better 

productivity and viability of livestock 

during disaster management. 
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Kinnow mandarin is one of the major 

citrus fruit crops of India and the na-

tional production is in tune of over 

1 .14  Mi l l i on  Metr i c  Tonnes 

(Anonymous, 2016). Owing to its large 

availability in short period i.e. Novem-

ber to march, about 20-25% of total 

produce is lost due to faulty method of 

harvesting, post-harvesting, grading, 

packing, storage and transportation. 

The single most hindrance in the pop-

ularity and processing of kinnow man-

darin juice is the development of 

(delayed) bitterness due to enzymatic 

conversion of a non-bitter precursor 

Limonoate-A ring Lactone (LARL) in 

to intensely bitter limonoid-limonin 

via limonoate-D-ring lactone hydro-

lase.  

The kinnow is large fruit with 12 to 25 

seeds and a globular shape. It matures 

in January to February. It easy peel 

citrus has assumed special economic 

importance and export demand due to 

its high juice content, special flavor 

and as a rich source of vitamin C. The 

factors which have contributed to the 

success of this fruit are its beautiful 

golden-orange color, its abundant 

juice, and its excellent aroma and 

taste. Its trees are highly productive 

with 1000 fruits per tree. Handsome 

returns, much higher than those ob-

tained from most of other fruit crops, 

can be had from well looked-after 

kinnow orchards by adopting proper 

methods of cultivation. Kinnow fruits 

have more seeds per wedge than other 

citrus fruits. Some workers have made 

efforts to select seedless kinnows by 

survey or by the use of mutants. The 

seeds of kinnow are natural-
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ly diploid or tetraploid. Seed-

less triploid varieties have been devel-

oped.  

Origin of Kinnow 

 The kinnow is a variety of citrus 

fruit cultivated extensively in Punjab 

region. It is a hybrid of two cit-

rus cultivars - "King" (Citrus nobilis) x 

"Willow Leaf" (Citrus deliciosa), first 

developed by H. B. Frost at the Citrus 

Research Centre, University of Cali-

fornia, Riverside, USA (Hui et al, 

2006). After successful testing, the 

kinnow was released as a new variety 

for commercial cultivation in 1935.  

In 1940, Punjab Agriculture College 

and Research Institute, Faisalabad, 

Pakistan, introduced the kinnow. It 

has become an important variety in 

the Punjab province of Pakistan, occu-

pying major part of the area under 

cultivation for fruit crops. In India 

this variety was introduced by J. C. 

Bakhshi in 1954 at the Punjab Agri-

cultural University, Regional Fruit 

Research Station, Abohar.   

Harvesting of Kinnow 

As a general rule, citrus will not ripen 

further after picking. Higher brix 

(sugar) levels are gained by leaving 

the fruit on the tree longer, so early 

season fruit tends to be a bit tart 

while late season product can be prone 

to molding. Avoid product with soft 

spots, dull and faded coloring or rough 

and bumpy skin. Kinnow harvesting 

starts when the fruit's external colour 

becomes orange, from December to 

February. The best harvesting time is 

mid-January to mid-February, when 

the fruit attains a TSS/acid ratio of 

12:1 to 14:1. The fruit quality declines 

in later pickings. Fruits are harvested 

by clipping the stem with the help of 

specially designed sharp clippers 

(secatures) called kinnow clippers. In 

order to avoid damage to branches, 

the fruits high on twigs should be har-

vested with the help of ladders.  Dur-

ing picking, care must be taken that 

length of peduncle should be as short 

as possible, otherwise longer stem 

may pierce into other fruits and create 

suitable site for growth of pathogens.  

Harvesting during early morning 

when weather condition is humid and 

fruits are wet should be avoided. The 

rind is turgid when wet and can be 

readily bruised leading to decay dur-

ing subsequent handling. The picked 

fruits should be collected in picking 

bags, but never dropped and pooled 

under the shade for subsequent grad-

ing. As it is a comparatively loose rind 

fruit, harvesting by pulling fruits with 

one's hands is avoided. 

Storage procedure for kinnows 

It is essential to check the deteriora-

tive changes in produce, while pro-

longing its availability and marketa-

bility, thus ensuring higher returns to 

producer. For enhanced shelf life, 

fruits can be wrapped in HDPE (high 

density polyethylene) bags and packed 

in CFB boxes or wooden crates. Such 

fruits can be stored for 56 days. Wax-

ing of kinnow increases its shelf life as 

well as improves consumer appeal. 

Coating kinnow fruits with commer-

cial waxes can increase the shelf life 
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up to 60 days. The fruit can be stored 

in cold storage at a temperature of 4-

5°C and a relative humidity of 85-90% 

for 8 weeks. However, Pre-cooling 

Kinnow immediately after packing 

further extends its shelf life under 

storage conditions. Food processing 

includes the selection of good-quality 

mandarins. The ideal kinnow is firm 

to slightly soft, smooth-skinned with 

no deep grooves, and deep orange to 

almost red. Punjab Agricultural Uni-

versity in Ludhiana, Punjab has devel-

oped new technologies for obtaining 

higher yields of better quality fruits 

under the conditions of Indian Punjab. 

These fruits can be stored at room 

temperature conditions or under cold 

storage conditions (Rattanpal et al, 

2008).  In general, you don't need to 

refrigerate citrus if it will be con-

sumed quickly, but it will last longer 

when refrigerated. Once they reach 

your preferred level of sweetness, 

place remaining fruit in the refrigera-

tor to extend the shelf life. 

Serving half cup (109 grams) of 

Kinnow juice contains: 

Percent daily values are based on a 

2000 calorie diet 

Nutritional facts about Kinnow 

fruit 

Kinnow is widely available in India in 

winter season. It is a popular citrus 

fruit cultivated in hot climate. Kinnow 

is loaded with vitamin C and vitamin 

B complex. Kinnow Mandarins are 

very low in Saturated Fat, Cholesterol 

and Sodium. They're also a good 

source of Dietary Fiber.  Kinnow man-

darins contain beta-carotene which 

has powerful antioxidant properties 

and helps the skin resist damage 

caused by the sun. Apart from these 

constituents it contains minerals such 

as iron and phosphorous.  

Health Benefits  

There are many benefits of including 

kinnow in your daily diet. Some of 

these include the following listed be-

low: 

1. Body Energizer: Having a 

kinnow a day will energize your 

body. Owing to the huge amounts 

of carbohydrates present in the 

fruit including glucose, fructose 

and sucrose, it proves to be one of 

the best sources of energy in win-

ters. 

2. Typhoid and Chronic Constipa-

tion: Kinnow is considered to be 

the best fruit for those recovering 

from typhoid and chronic consti-

pation. 

3. Aids Digestion and stomach 

health: One of the best qualities 

about Kinnow is that it absorbs 

into stomach and aids in diges-

tion without placing any burden 

or load on stomach. Those with 

50 calories 1 g protein 

200 mg potassium, 

0 mg  sodium 
2% Vit- A 

11 g total carbohy-

drates 
110% Vit-C 

2 g dietary fibre 4% calcium 

10 g sugars 2% iron 

0 g trans fatty acid 
0 mg cholester-

ol 

0 g MUFA 0 g PUFA 
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weak stomach are recommended 

to take kinnow juice instead of 

milk. 

4. Relieves Acidity: Since Kinnow is 

rich in mineral salts, it helps in 

alleviating acidity. The fruit is 

very helpful for those leading 

sedentary lifestyle. 

5. Intestinal Health: Kinnow is 

helpful in reducing sluggishness 

of intestines resulting from in-

take of junk and various sub-

standard foods. It being rich in 

roughage  helps relieve chronic 

constipation. 

6. Miracle Health Fruit: Kinnow is 

often referred to as miraculous 

fruit for those who suffer from 

recurrent fevers. It helps in elim-

inating symptoms fever and elim-

ination of toxic elements from 

kidneys. Regular intake of fruit 

helps in keeping skin healthy 

and clear. Besides quenching 

thirst, Kinnow juice is low in fat 

and helps burn calories fast. 
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Marketing of Fruits Under WTO Re-

Juice 
Kinnow contains about 48-52% juice which is more than any other 

fruits of citrus family. 

Vit. C 

It contains 15-20mg Vit. C per 100ml of juice which is more than 

other fruits. Intake of one glass juice (300ml) daily during season 

prevents Vit. C deficiency. 

Vit. A 

It contains 900 IU Vit. A per 100 ml of juice, which is about three 

times more than other citrus fruits. It contains beta-Carotene, a 

good source of Vitamin A; which is beneficial for the eyesight as it 

can help prevent macular degeneration. 

Limonin 

 Kinnow fruit is rich in limonin, limonin is 15-20 ppm in juice, 

2500-3000 ppm in seed and 60-80 ppm in peel. Limonin fight six 

type of cancer and also lowers cholesterol levels. 

Calcium 

Kinnow fruit contains about 2-2.5 times more calcium as com-

pared to other citrus fruits. The intake of kinnow provides calci-

um which strengthens the human bones. 

Pectin 

 It contains 0.2 to 0.3% pectin helps in lowering cholesterol. Apart 

from these, saturated fat, cholesterol and sodium are found in 

very less amount. 

Best things in kinnow 
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Today, poultry is one of the fastest 

growing segments of the agricultural 

sector in India. Poultry plays an im-

portant role in the Indian economy 

and is an important sub-sector of live-

stock. Backyard poultry production is 

an age-old practice in rural India. The 

state sector has been taking care of 

backyard poultry units and the capital 

requirement of its co-operatives. Back-

yard farming has over the years con-

tributed to a great extent to the agrar-

ian economy of India. It provides live-

lihood security to the family in addi-

tion to securing the availability of 

food. Unemployed youth and women 

can also earn an income through poul-

try farming.  

There is plenty of evidence to demon-

strate the role of rural backyard poul-

try husbandry in elevating the food 

and nutrition security of the poorest 

households and reducing the liveli-

hood insecurity (Otte, 2006). Backyard 

poultry is a potent tool for the uplift-

ment of poor because it requires hard-

ly any infrastructure set-up. Besides 

income generation and poverty reduc-

tion, rural backyard poultry can pro-

vide better nutrition in the form of 

valuable animal protein. Impressive 

growth has been achieved in the inten-

sive poultry farming, but the rural 

poultry sector lack behind rather stag-

nant. The native chicken varieties 

adopted in free-range backyard condi-

tions for centuries contribute about 

11% of total egg production in India 

(Kumaresan et al., 2008).  Due to their 

low productivity (annual egg produc-
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tion average: 50-60 nos.), their contri-

bution to the total egg output was al-

most static for the last few decades. 

Therefore, the consumption of eggs in 

rural areas is far below the national 

average egg consumption.  

Backyard poultry production system is 

a low input or no input business and is 

characterized by indigenous night 

shelter system, scavenging system, 

with little supplementary feeding, nat-

ural hatching of chicks, poor produc-

tivity of birds, local marketing, and no 

healthcare practice (Mandal et al., 

2006). 

Advantages of backyard poultry 

farming  

A lot of advantages are there for which 

rural poultry farming should always 

be backed up by Government and non-

government organizations. Some are 

listed here; 

1. A low initial investment but 

higher economic return. 

2. A unit can be started with as low 

as two chickens to a large flock. 

3. It is free ranging system so feed 

cost is negligible due to better 

utilization of agricultural by-

products and leftover feed and 

grains. 

4. Egg and birds can be sold in the 

local market with a high price 

because there is a growing de-

mand for local chicken. 

5. Boost up in family income for bet-

ter utilization of family laborers 

who are not able to perform other 

agricultural works like old family 

member or children. 

6. Backyard poultry farming acts as 

an ‘ATM’ because as per family 

needs the birds and eggs can be 

sold at anytime anywhere with 

cash in hand. 

7. Quality of chicken and egg is bet-

ter in terms of organic farming as 

the birds are raised in stress less 

environment with natural in-

put.  It is eco-friendly approach. 

8. Gives employment to the rural 

small-scale and marginal farm-

ers.  

9. Aids in enhancing the soil fertili-

ty in backyards (15 chickens pro-

duce 1- 1.2 kg of manure/ day).  

10. Products from rural poultry 

farming fetch high price com-

pared to those from intensive 

poultry Farming.  

11. Birds reared under free-range 

conditions give eggs and meat of 

low cholesterol concentration 

compared to those produced un-

der intensive poultry farming.  

Desi Indian chicken  

Desi or indigenous birds are 

generally poor performers in egg and 

meat production. To obtain maximum 

profit from backyard poultry farming 

there is an urgent need in the country 

to improve the status of backyard 

poultry farming with an improved 

strain, which performs an excellent 

result when raised in the backyard 

with low inputs. Understanding the 

importance of backyard rural poultry 

farming in India, several research or-

ganizations have developed different 

backyard chicken varieties which have 
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successfully been reared by farmers 

from many parts of the country. These 

improved varieties include CARI 

Nirbheek, CARI Shyama, CARI Upka-

ri, CARI Hitcari, CARI Debendera, 

Gramapriya, Vanaraja, Giriraja, 

Swarnadhara, Nandanam Chicken I, 

Nandanam Chicken II, Nandanam 

Chicken IV, Narmadanidhi, Him-

samridhi, Pratapdhan, Jharsim, 

Srinidhi, Kamrupa, Kaveri, Rajasri, 

Kuroi ler ,  Gramalakshmi  and 

Gramasree. These birds combination 

of native and exotic blood and possess 

other characteristics essential for 

backyard/scavenging poultry produc-

tion. Phenotypically these birds look 

like their original native breed with 

two or three times more egg produc-

tion with bigger size and weight, bet-

ter tropical adaptability and disease 

resistance along with the capability of 

bearing the stress of sub-optimal feed-

ing and management. Backyard poul-

try system is a common practice all 

over the country, so government of In-

dia funded bodies like ICAR-CARI, 

State agricultural universities, veteri-

nary colleges, etc. have developed new 

improved varieties of chicken suitable 

for backyard system with more 

productivity in both eggs and meat 

quality.  

Good practices followed for back-

yard poultry farming 

1. Disease-free, improved strain, 

dual-purpose poultry birds may 

be procured for backyard poultry 

farming. 

2. Periodical vaccination should be 

done on regular basis. 

3. Clean drinking water and fungus 

free feed should be supplied to 

the birds. 

4. The poultry shed should be regu-

larly cleaned and free from mois-

ture and humid condition. 

5. Overcrowding should be avoided. 

If possible there should be sepa-

rate space for the different age 

group of birds. 

6. The sick bird should be immedi-

ately separated/ culled from the 

healthy flock. 

7. Poultry equipment particularly 

waterer and feeder should be reg-

ularly cleaned and disinfected. 

8. There should be a restriction for 

outsider into the poultry shed or 

farm. 

9. The birds should be free from 

predators and should not be 

scared by other animals. 

10. Before procuring new flocks the 

shed should be thoroughly 

cleaned and disinfected. 

11. There should be provision for 

footbath in front of poultry shed. 

12. During summer and winter 

months the shed should be pro-

tected from the hot or cold wind 

by hanging curtain around the 

side of the wall or shed. In sum-

mer months water sprinkling al-

so can be done. 

 In order to increase poultry produc-

tion at the farmer’s level, a systemic 

training program should be organized 

specifically for rural tribal women. 

Furthermore, adequate arrangements 
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should be made for disease preven-

tion and control. Additionally, exten-

sion and motivational work along 

with technical support should also be 

conducted in the villages to en-

courage farmers to rear and consume 

more backyard system of poultry pro-

duction. Since this means for the sus-

tainable livelihood of poorer sections 

of the society and also contribute to 

social food security, gender equity 

and rural employment to women. Im-

provement of local breeds and their 

conservation for future can be done 

hand in hand by Government and 

farming community. 
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CARI Nirbheek, CARI 
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Debendera 
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Introduction 

India has one of the largest livestock 

population in the world and its feed 

requirement is mostly met from crop 

residues, grasses and agriculture by 

products. At present country is facing 

deficiency of green fodder, dry crop 

residues and concentrate feeds. Rumi-

nants in India rely on low quality crop 

residues which are deficient in pro-

tein, energy, minerals and vitamin 

and also imparts poor digestibility. 

Thus ruminants fed low quality forage 

need supplementation of critically de-

ficient nutrients for better production. 

Instead of the conventional feed re-

sources, non-conventional feeds like 

tree leaves may be used for feeding the 

animals, since they are rich in nutri-

tive value and good alternate source of 

proteins, vitamins and minerals. 

Subabul is a multipurpose tree leg-

ume. Its average yield ranges from 3 

to 30 t Dry Matter/ha/year depending 

on soil, temperature and moisture con-

ditions. Scientific name of Subabul is 

Leucaena leucocephala. It has high nu-

tritive value and crude protein. It is 

highly palatable, tolerant to severe de-

foliation and draught and an im-

portant source of protein for rumi-

nants. 

Nutritive value of Subabul 

Protein content is around 292 g/kg of 

crude protein in leaf meal and 220 g/

kg of crude protein in foliage. Utiliza-

tion of cereal straws may be enhanced 

by tree foliage to improve supply of 

fermentable nitrogen, carbohydrate 

and micronutrients to the animal.  
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Secondary metabolites in Subabul 

Presence of secondary metabolites like 

tannin and mimosine limit the use of 

Subabul in the animal ration due to 

adverse effects. Subabul leaves con-

tain tannin, 4.45 % hydrolysable and 

0.53% condensed. A toxic non-protein 

amino acid mimosine (up to 12% DM 

in young shoots), structurally similar 

to tyrosine is also present in Subabul. 

It is broken down in rumen to DHP (3, 

4 and 2,3 dihydorxy-piridine), a goitro-

gen which is detoxified by rumen bac-

teria and becomes lethal when Suba-

bul is consumed in excess of 50% by 

small ruminants. 

Potential benefits of incorpora-

tion of Subabul in ruminant ra-

tion 

Subabul may be incorporated in rumi-

nant feed upto certain level. In rumi-

nant ration up to 15 % in straw based 

diet digestibility of feed may go up to 

55.87 %. Since it has good amino acid 

index so it may be helpful to improve 

microbial fermentation, body weight 

gain in growing animals (upto 16 % 

and <32% inclusion level) and milk 

production. Presence of tannin is also 

important, as tannins form natural 

tannin-protein complexes and protects 

the dietary protein against rumen deg-

radation by ruminal microorganisms, 

decreasing ammonia production and 

increasing the flux of dietary protein 

for absorption in the intestines.  

Consumption of high amount of rough-

age diet may also lead to higher 

amount of methane production. Me-

thane is a green house gas, its global 

warming potential is 23 times than 

that of CO2 and is responsible for 2-12 

% of gross energy loss of feed and also 

negative impact on the environment. 

Due to the presence of tannin in the 

Subabul, it helps to mitigate methane 

production from the ruminants and 

saves the energy which may be reflect-

ed in the form of higher milk produc-

tion. Subabul can be incorporated in 

the feed up to 30 and 50 % in large 

and small ruminants respectively. 

Straw intake may be improved and 

along with this energy and protein in-

take also may be pronounced in Suba-

bul supplemented animals. 

Conclusion 

Subabul is available in huge amount 

particularly in tropics and it can be 

concluded that its inclusion in the diet 

up to 30 % of large and 50 of small ru-

minants may be beneficial for live-

stock. 
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Content Amount 

Crude protein 14.2-3.3 % 

Crude fibre 12.5-29.7% 

Neutral detergent fi-
bre 

22.2-59.1% 

Acid detergent fibre 11.2-43.1% 

Lignin 3.6-22.0% 

Ether extract 1.5-6.1% 

Ash 18.3-23.5% 

Gross energy 
18.3-23.5 MJ/kg 

DM 

Calcium 3.0-15.1 g/kg 

Phosphorus 1.1-3.5 g/kg 

Table 1: Nutritive value of Subabul 

leaves (Dry matter basis)  
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