B.Sc. ZOOLOGY
SKILL BASED ELECTIVE COURSE (SBEC) IV
POULTRY SCIENCE
UNIT I

Introduction to poultry keeping — Poultry Industry in India — Important breeds of Poultry — Desi,
—Chittagong and Leghorn.

UNIT II

Construction of poultry house — Types - Layer house and Broiler house

UNIT III1

Poultry feeds — Essential nutrients — Ration for Chick and Broiler.

UNIT IV

Hatchery, Nutritional value of egg, Marketing of egg and By products of poultry.

UNIT V

Common diseases of poultry — Raniket, Coccidiosis and Coryza, Vaccination programme.
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Poultry

* The tarm “poultry” refers to
domestic fow! reared for btheir
flesh, eg99s or feathers and
includes chickens, ducks, gease,
turkeys and pigeons- OF these, ©
chickan and turkey are most
commonly used for their meat:

« Poultry meat /s a good source
of protain and has a lipid
conteant and fow calorific value-
It is palatable, tender and
easily digestible-
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Poultry Feeds

Poultry feeding is one of the important aspect of poultry science. Poultry feeds are of three types
1. Starting poultry feed: An all mash ration to be fed to chicks upto the age of 8 weeks.

2. Growing poultry feed: A ration to be fed to growing chickens after 8 to 20 weeks or until laying
commences.

3. Laying poultry feed: A ration to be fed to laying birds after 20 weeks onwards or after laying
commences.

Following are the nutrient constituents of poultry feeds

Proteins: In poultry, the products produced consists mainly of protein. On a dry weight basis the carcass of an
8 weeks old broiler is more than 65% protein and the egg contents are about 50% protein. Typical broiler
rations will contain from 22 to 24% protein and in layers ration the amount varies between 16-17%.

Source: Meat scraps (lysine), fish meal (lysine, methionine), poultry by-product meal (tryptophan, lysine),
blood meal, liver and glandular meal, feather meal (hydrolyzed), animal tankage, milk products, cottonseed
meal, peanut meal, soybean meal, sesame meal, sunflower seed meal.

Carbohydrates: The main function of carbohydrates in the diet is to provide energy to the animal. The
polysaccharides of major importance are starch, cellulose, pentosans and several other complex
carbohydrates. Although cellulose and starch are composed of glucose units, chickens possess enzymes that
can hydrolyze only starch. Cellulose, therefore, is completely indigestible. Cereal grains and their by-products
are excellent source of starch and thus constitutes a bulk of poultry ration.

Source: Corn, sorghum grains (milo) barley, rye, oats, wheat, wheat middlings, various grain by-products.

Fats: Fats make up over 40% of the dry egg and about 17% of the dry weight of a broiler. Although fats supply
concentrated form of energy (2.25 times more energy than carbohydrate and protein) their inclusion as true
fats or oils in the ration is seldom practised because of high cost and the risk of rancidity which develops on
prolong exposure to air, heat, sunlight, etc. Most feed ingredients (maize, barley, safflower, milo, wheat, rice,
bran, etc.) contain 2-5% fat and that is enough for the inclusion of one essential fatty acid (Linoleic acid),
which must be present in the young growing chicks or they will grow poorly, have an accumulation of liver fat
and be more susceptible for respiratory infection. Laying hens with diets deficient in linoleic acid will lay small
eggs that will not hatch well.

Source: Animal tallow (beef), lard, corn-oil, other vegetable oils.

Minerals: The body of the chicken and the egg excluding shell contain nearly 4 and 1% mineral matter
respectively. The elements known to be required in the diet of poultry are calcium, phosphorus, sodium,
potassium, magnesium, chlorine, iodine, iron, manganese, copper, molybdenum, zinc and selenium. Usually
the grains and vegetable protein ingredients are relatively poor in mineral contents when compared with those
of animal protein feed stuffs. The common mineral supplements in poultry feed are as follows: -

i. Limestone

ii. Bone meal

iii. Oyster shell

iv. Sodium chloride

V. Dicalcium phosphate
Vi. Manganese sulphate
vii. Potassium iodide
Viii. Superphosphate.

Source: Meat scraps, fish meal, milk products, ground limestone (calcium), ground oyster shells (calcium),
dicalcium phosphate (calcium, phosphorus), defluorinated rock phosphate (phosphorus, calcium), steamed
bone meal (phosphorus, calcium), salt (sodium, chlorine, iodine), manganese sulfate (manganese), manganese
oxide (manganese), zinc carbonate (zinc), zinc oxide (zinc).



Vitamins:

Vitamins most commonly function as coenzymes and regulators of metabolism. The 13 vitamins required by
poultry have been summarised in tabular form. Apart from natural sources, commercial vitamin mixture
suitable for poultry are also available. One point to remember, of course, is that the natural vitamins are likely
to have other factors associated with them. These may be other recognised nutrients or they may be
unidentified factors. Diets continuously deficient in any one of the required vitamins will seriously tell initially
upon the egg production and then the life of the chickens.

Source: Yeasts, fish solubles, distillers’ solubles, liver meal, alfalfa meal, milk by-products.

Feed additives: Additives are never nutrients. They either singly or in combinations are added to a basic feed,
usually in small qualities for the purpose of fortifying these with certain nutrients or stimulants or medicines.
Often they are called "non-nutrient" feed additives.

Following are some modern feed additives used for poultry -
Additives that promote feed intake or selection

1. Antioxidants
BHT (Butylated hydroxytoluene) Santoquin: Ethoxyquin: BHA (Butylated hydroxyanisode);
DPPD (Diphenyl paraphenyl diamine).
2.  Flavouring agents
Poultry Nector
3. Pellet binders
Sodium Bentonite (clay), liquid or solid by-products of the wood pulp industry, molasses, guarmeal

Additives that Enhance the colour or quality of the marketed product
1. Xanthophylls , synthetic carotinoid, canthaxanthin
Additives that facilitate digestion and absorption

1.  Grit; oyster shell, limestones, gravel and pebbles
. Chelates :EDTA
3. Enzymes
Agrozyme, Diazyme, Zymopabst, Prozyme and Avizyme.
4. Probiotics;
strains of lactobacillus and streptococcus.
5. Antibiotics ; penicillin, steptomycin, tetracyclines, aureomycin

Additives that alter metabolism
1. Hormone Progesterone , Dienestrol diacetate.
Additives that affects health status

1. Antifungal additives,
Aflatoxin by Asperfillus flavus, sodium propionate, sodium benzoate, quaternary ammonium
compounds

2. Anticoccidial:
Bifuran supplement, Amprol25%, Embazin, Zonamix, Nitrofurazone, Furazolidone.

3. Antihelmintic drugs

Recommended range of proportion of poultry feeds

Ingredients Proportion (% by wt of materials)

Grain and Seeds

Bajra, bajra (Pennisetum typhoides) 10-15
Barley(Hordeum vulgare) 5-10

Black-gram (Phaseolus mango) 10-15
Chinna, cheena (Panicum miliaceum) 10-15
Kulthior horse-gram (Dolichos biflorus) 10-20
Jowar,Cholam (Sorghum vulgare) 10-15

Oat (Avena sativa) 5-20



Arhar (Cassia tora)

Ragi (Eleusine coracana)
Yellow maize

Grain by-products
Arhar chuni

Gram chuni

Black-gram chuni

Maize grit

Maize-gluten meal

Rice bran and polishings

Wheat bran

Minerals, Vitamins and antibiotics

Common salt

5-10

10-20

15-50

10-15

10-15

10-15

10-15

10-20

10-30

10-15

Dicalcium phosphate (fluorine content not exceeding 0.5%) 1-2

Limestone

Oyster shells

Vitamins (mineral stabilised)

Manganese sulphate

Antibiotic feed supplement

Oil-cakes and meals

Copra cake, coconut cake

Cottonseed oil cake (decorticated)
Groundnut oil cake (decorticated)
Guar (Cyamopsis tetragonoloba)meal

Safflower (Carthamus tinctorious)cake

Mustard cake: Expeller

Deoiled

Salseed cake (Shorea robusta)

Sesamum (Sesamum indicum orientale)cake

Soyabean meal

Karanja deoiled cake (Pongamia glabra)

Tubers and roots
Tapioca flour

Greens

Berseem (Trifolium alexandrinum) leaf-meal
Lucerne (Medicago sativa) leaf-meal

Waste materials and industrial by-products

Brewers’grains

Dried yeast and yeast sludge

Mango-seed kernel

Molasses

Penicillin mycelium residue

10-25

3-5

3-5

1-3

As recommended by
the manufacturer

0.02-0.3

0.1-0.5

5-10

Up to 5% by weight
15-3

Up to 5% by weight
10-15

10-20

25-50

0-5

10-20

10-20

7-8

2-5
2-5

5-10



Silkworm pupae (freed from membranous covering) 5-10
Bloodmeal 3-5

Animal products

Fish-meal 5-10
Liver residue 5-10
Meat-milk and meat-scarp 5-10
Skim milk (dried) 5-10

Blood meal 3-5
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Proper Handling of Eggs: From Hen to Consumption

Phillip J. Clauer, Poultry Extension Specialist, Animal and Poultry Sciences

To insure egg quality in small flocks, egg producers must learn to properly handle the eggs they
produce. This article will discuss how you can insure that your eggs will be of the highest quality and
safe for consumption.

A. Layer house management: The condition of the egg that you collect is directly related to how well
the flock is managed. Feeding a well balanced ration, supplementing calcium with oyster shell, water,
flock age and health all can affect egg quality. However, since these factors are covered in other
publications, this fact sheet will place emphasis on egg quality and handling after it is laid.

1. Coop and Nest Management

* Keep the laying flock in a fenced area so they cannot hide their eggs or nest anywhere they
choose. If hens are allowed to nest wherever they choose, you will not know how old eggs
are or with what they have been in contact, if you can find them at all.

* Clean Environment: Keeping the layerls environment clean and dry will help keep your eggs
clean. A muddy outside run, dirty or damp litter and dirty nesting material will result in dirty,
stained eggs. Clean-out the nest boxes and add deep clean litter at least every two weeks.

Clean-out wet litter in coop and make sure the outside run area has good drainage and is not
over grazed.

* Nest Space: Supply a minimum of four nesting boxes for flocks containing 15 hens or less.
For larger flocks provide one (1) nest for every 4 to 5 hens in the flock. This will help limit
egg breakage from normal traffic and daily egg laying. Make sure nests have a deep clean
layer of litter to prevent breakage and help absorb waste or broken-egg material.

2. Collect Eggs Early And Often
Most flocks will lay a majority of their eggs by 10:00 am. It is best to collect the eggs as soon as
possible after they are laid. The longer the egg is allowed to stay in the nest, the more likely the egg

will get dirty, broken or will lose interior quality.

Collecting eggs at least twice daily is advisable, especially during extreme weather temperatures.
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3.

Other Considerations for Layer House Management

* Rotate range areas often or allow enough area for birds in outside runs to prevent large dirt
and mud areas from forming by over grazing.

* Prevent eggs from being broken in order to minimize a hen learning to eat an egg and
developing egg eating habits.

* Free choice oyster shells will help strengthen the egg shells.

* Keep rats, predators and snakes away from the hen house. They often will eat eggs and
contaminate the nesting boxes and other eggs.

B. Proper Egg Cleaning and Handling

1.

Collect eggs in an easy to clean container like coated wire baskets or plastic egg flats. This will
prevent stains from rusted metal and contamination from other materials which are difficult to
clean and disinfect.

. Do not stack eggs too high. If collecting in baskets do not stack eggs more than 5 layers deep. If

using plastic flats do not stack more than 6 flats. If you stack eggs too deep you will increase
breakage.

. Never cool eggs rapidly before they are cleaned. The egg shell will contract and pull any dirt or

bacteria on the surface deep into the pores when cooled. Try to keep the temperature relatively
constant until they are washed.

Wash eggs as soon as you collect them. This helps limit the opportunity of contamination and
loss of interior quality.

. Wash eggs with water 10 degrees warmer than the egg. This will make the egg contents swell

and push the dirt away from the pores of the egg. If you have extremely dirty eggs, a mild
detergent approved for washing eggs can be used.

Never let eggs sit in water. Once the temperature equalizes the egg can absorb contaminants out
of the water.

. Cool and dry eggs quickly after washing. Store eggs, large end up, at 50-55°F and at 75%

relative humidity. If eggs sit at room temperature (75°F) they can drop as much as one grade per
day. If fertile eggs are kept at a temperature above 85°F for more than a few hours the germinal
disc (embryo) can start to develop. If fertile eggs are kept above 85°F over two days the blood
vessels of the embryo may become visible.

If eggs are stored properly in their own carton or other stable environment they should hold a
quality of Grade A for at least four weeks.



C. Sorting and Grading Eggs

It is best that you sort the eggs before you store, sell, or consume them. The easiest way to sort eggs is to
candle them with a bright light. This process can help you eliminate cracked eggs or eggs with foreign
matter inside like blood spots.

1. How to Candle Eggs: Hold the egg up to the candling light in a slanting position (see figure 1).
You can see the air cell, the yolk, and the white. The air cell is almost always in the large end of
the egg. Therefore, put the large end next to the candling light.

Hold the egg between your thumb and first two fingers. Then by turning your wrist quickly, you
can cause the inside of the egg to whirl. This will tell you a great deal about the yolk and white.

When you are learning to candle, you will find it helpful to break and observe any eggs you are

in doubt about.

FIGURE 1

2. Identifying Cracks: Cracked eggs will appear to have a white line somewhere on the shell.
These cracks will open if you apply slight pressure to the shell. Remove cracked eggs and
consume them as soon as possible or discard.

3. USDA Grade Standard: Use the specifications given in the table below to determine the grade
of an egg by candling. Consider air cell depth, yolk outline, and albumen quality.



Quality

Factor AA Quality A Quality B Quality Inedible
. 1/8 inch or less [3/16 inch or less in . \
Air Cell in depth depth More than 3/16 inch  [Doesn't apply
Clean, May be Clean, May be weak

White Clear, Firm

reasonably firm and watery Doesn't apply

Yolk

Outline slightly [Outline may be

defined fairly well-defined Outline clearly visible Doesn't apply

Spots
(blood or meat)

Blood or meat spots  [Blood or meat spots
None None aggregating not more |aggregating more
than 1/8" in diameter [than 1/8" in diameter

Air Cell Depth: The depth of the air cell is the distance from its top to its bottom when the
egg is held with the air cell up (see figure 2 ). In a fresh egg, the air cell is small, not more
than 1/8 inch deep. As the egg ages, evaporation takes place and the air cell becomes larger
and the egg is downgraded.

Point from —— e ——— e —
which to measure OFFICIAL
air cell depth EGG AIR CELL GAUGE
—— A RIALT AGUALITY
/W /J\‘l‘JuLl';:\AL:? v a6 Inch
R TP

FIGURE 2. Measuring Air Cell Depth

Yolk: The yolk of a fresh, high quality egg will be surrounded by a rather dense layer of
albumen or white. Therefore, it moves only slightly away from the center of the egg when it
is twirled before the candler. Because of this, yolk outline is only slightly defined in the
highest quality eggs. As the albumen thins, the yolk tends to move more freely and closer to
the shell. A more visible yolk when candled indicates a lower quality egg.

White or Albumen: The character and condition of the white or albumen is indicated largely
by the behavior of the yolk of the egg when the egg is candled. If the yolk retains its position



in the center when the egg is twirled, the white is usually firm and thick.

* Eggs with blood or meat spots more than 1/8-inch in diameter are classified as inedible. Eggs
with small spots collectively less than 1/-8 inch in diameter should be classified as Grade B.
The chalaza is distinguished from a meat spot by a bright area of refracted light that
accompanies its darker shadow. Blood spot eggs can be consumed without harm, however,
most people find the appearance undesirable.

4. Also remove any eggs with unusual shell shapes, textures, ridges or thin spots on the shell if you
plan to sell the eggs. These eggs are edible but break easily and are undesirable to most
consumers due to appearance.

D. Storage of Eggs
1. Store eggs small end down in an egg carton to keep the air cell stable.

2. Date carton so you can use or sell the oldest eggs first and rotate your extra eggs. Try to use or
sell all eggs before they are three weeks old.

3. Store eggs at 50-55°F and 70-75% relative humidity.

4. Never store eggs with materials that have an odor. Eggs will pick up the odors of apples, fish,
onions, potatoes and other food or chemicals with distinct odors.

5. Never hold eggs at or above room temperature or at low humidities more than necessary.
Leaving eggs in a warm, dry environment will cause interior quality to drop quickly.

E. Sale of Eggs

There are no laws which prevent the sale of eggs from a home laying flock. However, you should take
some basic steps to ensure that the eggs you sale have uniform quality.

1. Follow the suggestions about collection, washing, storage, and sorting above.

2. For marketing it is usually best to size the eggs. Medium, large and extra large eggs sell best.
Egg sizes are expressed in ounces per dozen.

Small - 18 oz.
Medium - 21 oz.
Large - 24 oz.
X-Large - 27 oz.
Jumbo - 30 oz.
Egg scales can be purchased at many farm supply stores.



3. Never sell eggs in cartons with another egg producer or store name on the carton. It is illegal to
do so. Only sell eggs in generic cartons or ask your customers to bring their own carton to carry
the eggs home in.

4. Most small flock producers base their prices on the current store prices in the area they live.
However, many producers niche market their eggs as a specialty item and receive premium
prices. If you have your birds in a fenced outside run and have one male for every 10-15 hens in
your flock, you can sell eggs at a premium as fertile, free range eggs. Brown eggs often will
bring higher prices as well.

Remember, prices will also be driven by supply and demand. If you do not have a lot of
competition and have a good demand you usually can get a higher price for the eggs you sell. It
is critical that you pay attention to quality and keep a constant year round supply for your
customers. Be prepared to replace any eggs that are not satisfactory to a customer. Learn about
and correct the dissatisfaction.

F. What Is the Proper Way to Cook and Handle Eggs Foods?

Consumers should always keep eggs refrigerated until the eggs are used. Also, do not store eggs with
other foods containing odors like onions, fish or applies. Eggs should not be eaten raw. Pasteurized eggs
should be used in recipes that call for raw eggs which are not going to be cooked (i.e. eggnog, ice cream,
etc.) Eggs should not be combined and left to stand at room temperature before cooking for more than
20 minutes. Eggs should be individually cracked and immediately cooked. The USDA recommends that
hot food be kept above 140°F and cold foods be kept below 40°F.

Reviewed by Audrey McElroy, associate professor, Animal and Poultry Sciences
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Abstract

Large amounts of bones and trimmings are generated as a by-product of the poultry industry in mechanical
deboning of chicken. These by-products are potential sources of valuable components such as proteins and
nutrients. Enzymatic hydrolysis of animal by-products can be used to separate lipids and produce protein
hydrolyzates resulting in the formation of insoluble sediment rich in phosphorus and nitrogen. In this study, the
sediment from the enzymatic hydrolysis of by-product from mechanical deboning of chicken is hydrothermally treated
to evaluate the possibility for nutrient recycling. Hydrothermal processing was performed at elevated temperature of
150°C and 220°C using water as the reaction medium with varying pH and time. The elemental composition of the
liquid and solid fractions was measured after the treatments. With higher pH, the majority of phosphorus was
distributed to the solid fraction while with pH 1 the majority of phosphorus was found in the liquid fraction. Nitrogen
was concentrated in the liquid fraction in all processing conditions. The major part of the carbon was distributed to

\the liquid fraction.
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Introduction

Phosphorus is an essential nutrient for all living organisms and the
global food production is highly dependent on the use of phosphorus
fertilizers. The world's population is projected to rise 30-50% by the
year 2050 which could implicate a similar increase in the global
phosphorus demand [1]. At the same time the phosphate rock reserves,
the main phosphorus source currently, are becoming increasingly
scarce. To reduce the dependency on the non-renewable phosphate
rock, identification of alternative phosphorus sources and development
of efficient technologies for phosphorus recovery from currently
unexploited sources are required. Besides the sewage sludge from
wastewater treatment, by-products and wastes from animal production
and meat processing industries are potential sources of phosphorus
compounds. For example, the global broiler meat production is
estimated to reach 89.5 million tons in 2017 [2]. The rapid growth of
poultry production has led to a massive generation of food-processing
by-products like bones, viscera, feet, head, blood and feathers. It has
been estimated that bones and trimmings constitute about 7-8% to the
broiler live weight [3] resulting to the 12.5 million tons of potentially
valuable phosphorus-rich by-product in global scale. In addition to
dumping, landfilling and combusting exercised in different parts of the
world currently, processes such as rendering and composting as well as
chemical-, microbial- and thermal treatments have been developed
and used to convert animal wastes into livestock feed and organic
fertilizers [3,4]. However, the use of meat industry by- products for
livestock feeding collapsed after the outbreak of the Bovine
Spongiform Encephalopathy (BSE) and currently research on suitable
processing technologies for converting animal production by-products
to value added products is ongoing [4].

Enzymatic hydrolysis of animal by-products has been widely used to
produce lipids and fractions with high amount of amino-acids and a

broad spectrum of food ingredients including flavor enhancers and
compounds having functional, bioactive and therapeutic properties
[4]. In addition to enzymatic treatment, chemical, thermal and
microbial treatments have also been used to hydrolyse these by-
products. During the production of protein hydrolysates three
fractions are generated, lipids, the soluble fraction containing the
proteins and the insoluble sediment [5,6]. Several studies have
concentrated on the utilization of the soluble fraction while the
sediment is seen as a non-desirable fraction and often discarded [4].
Enzymatic hydrolysis of by-product from mechanical deboning of
chicken results in a sediment containing considerable amount of bones
of rigid and heterogeneous structure. Hydrothermal processing can be
seen as a potential option to treat this kind of material.

In hydrothermal processing raw material is heated at elevated
temperature and pressure using water as a reaction medium to produce
a range of valuable products [7-9]. Processing between 100 and 180°C
is usually referred as hot water extraction and it results in the
extraction of inorganics and hydrolysis of carbohydrates [10]. When
the temperature is increased to the range of 180-250°C, the organic
raw material starts to carbonize and the process is called hydrothermal
carbonization (HTC) [8]. In hydrothermal liquefaction (HTL) at
280-370°C biocrude oil-like component is produced with increasing
amount of gas [9]. Benefits of using hydrothermal processing for
animal wastes are the destruction of pathogens typically present in
such raw materials [10] and the fact that wet raw materials can be used
without energy intense drying step. In this study, the insoluble
sediment-rich in phosphorous and nitrogen-from the enzymatic
hydrolysis of by-product from mechanical deboning of chicken is
hydrothermally treated with varying process conditions (temperature,
time, pH) in order to evaluate the possibility for nutrient recovery
(Figure 1).
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Figure 1: Value chain for by-products from mechanical deb(;ning of
chicken.

Materials and Methods

Enzymatic treatment

By-product (bones and trimmings) from mechanical deboning of
chicken was obtained from Nortura SA (Norway) and treated

enzymatically as described by Tveit et al. [6]. The minced chicken by-
products were incubated at 50°C with Protamex enzyme
(Novozymes), inactivated by microwave heating (<90°C) and
centrifuged to fractionate oil, emulsion, protein hydrolysate and
sediments. The insoluble sediments taken after 30, 60 and 120 minutes
of hydrolysis were combined, mixed and freeze-dried.

Hydrothermal treatment

The sediments from the enzymatic hydrolyses were processed by
varying the pH (pH 6, pH 2, pH 1), temperature (150°C, 220°C) and
residence time (15 min, 3 h) (Table 1). The samples (90 g) were
suspended to water and the pH was adjusted to the desired level with 4
M sulphuric acid. The dry matter content of the suspensions in all the
experiments was 11 wt%. The suspensions were placed in 500 ml
autoclaves which were placed in an electrically heated hot air oven.
After the hydrothermal treatments reaction mixtures were centrifuged
for 20 min (4500 rpm) and liquid fraction was collected separately. A
small amount of tar-like oily component was formed on the surface of
the liquid fractions. The solid fraction was collected from the bottom
of centrifuge tubes, lyophilized and vacuum-dried at 70°C before
analyses.

Solid fractions
Sediment 150°C 220°C

pH 2 pH 2 pH 6 pH 2 pH 2 pH1

15 min 3h 15 min 15 min 3h 3h
pH final - 3.6 3.7 7.2 4.3 4.7 2.9
C (% dw) 41.6 35.9 35.6 23.4 231 16.7 10
N (% dw) 8.5 55 43 1.9 2 1.3 0.9
K (% dw) 0.35 0.12 0.1 0.06 0.04 0.04 0.03
Ca (% dw) 9.4 12 14 24 21 26 20
P (% dw) 45 4.7 5.6 10 7 1 1.5
O (% dw) 18.6 19.8 17.2 7.3 16.6 9.7 21
H (% dw) 6.1 55 5.3 35 3.3 24 1.5

Table 1: The elemental composition of the sediment from the enzymatic hydrolysis before and after hydrothermal processing.

Chemical analyses

Elemental analysis of solid samples (raw material, residue from
hydrothermal treatment) for carbon, hydrogen, nitrogen, and oxygen,
and liquid and oily component for carbon were determined using
using FLASH 2000 EA series analyzer (Thermo Fischer Scientific). The
total nitrogen content of liquid samples was analyzed by Kjeldahl
digestion method. The amounts of phosphorus, calcium, and
potassium in solid were analyzed by using Agilent 7500 ce ICP-MS.
The amount of oily component was so small that phosphorus, calcium
and potassium content could not be analysed. Phosphate (SFS 3025,
modified), total phosphorus (SFS 3026, modified), and ammonium
nitrogen (SFS 5505, modified) of liquid samples were analyzed
spectrophotometrically,. ~ The ash content was determined
gravimetrically after burning the samples at 550°C for 23 h.

Results and Discussion

The composition of the sediment from the enzymatic hydrolysis
before and after hydrothermal processing is presented in Table 1. The
sediment is known to contain a high amount of bone and protein,
which explained the high levels of calcium, phosphorus and nitrogen
in the original sample, approximately 9.4 wt%, 4.5 wt% and 8.5 wt%,
respectively. The ash content of the sediment was 37 wt% on a dry
basis. The amount of potassium was minor, 0.35 wt%. The elemental
composition (C, H, N, O, P) of the sediment was very typical relative to
similar residues [11].

The images of the sediment before and after the hydrothermal
treatments are shown in Figures 2a and 2b, respectively. It can be seen
that the original sediment contained visible bone pieces (Figure 2a)
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which were more or less degraded in the hydrothermal treatments,
resulting in solid fractions having 1.5-11 wt% of phosphorus (Figures
2b and 3a). The effect of processing conditions was clear with the
experiments. Apart from the experiment performed under pH 1, the
solid fractions still contained very small but visible white particles
whose amounts were dependent on the pH. The main source of
phosphorus in the solid fractions was undoubtedly the existing bone
fragments, with a smaller contribution from the organic matter.

Figure 2: a) The sediment from enzymatic treatment of poultry by-
product (residue from mechanical deboning of chicken) and b)
powdered solid fraction and liquid fraction after hydrothermal
treatment.

The white particles were not analysed separately but taken into
account the high amount of bone pieces in the sediment, they most
probably consisted of undissolved bone as well as precipitated calcium
compounds. Based on the calcium content of the original sediment, 79
to 129% of the calcium input was found in the solid fraction in all
processing conditions, which indicated low dissolution and possible
precipitation [12]. The values exceeding 100% are most likely caused
by inaccuracies in the used analytical methods due to challenging
analysable matrix. Bone is a heterogeneous composite material that
consists approximately 65% of hydroxyapatite, HAp (generally
Cas(PO,)3(OH)) and 35% of proteins [13,14]. The solubility of calcium
(ortho) phosphate compounds increases as the pH decreases and the
speed of the dissolution depends on the basicity of the salt [14]. HAp in
bones is a basic compound and its dissolution in acidic conditions
increases the pH of the solution through the release of hydroxide ions,
which can be seen as a pH increase in all the hydrothermal treatments
(Table 1). There are multiple models describing the dissolution of HAp
(e.g., [15]). In general, the bone HAp dissolution is a multistep process
where the surface dissolution is followed by diffusion of calcium and
phosphorus into the bulk solution. Depending on the pH and the acid,

the dissolved species of phosphorus and calcium can then in some
extent be absorbed back to the surface or form various insoluble salts
or complexes [15,16]. Calcium has also been suggested to form semi-
permeable calcium-rich layers on the apatite surfaces in acidic buffers
in the pH range 3.7-6.9 [15].
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Figure 3: Distribution of phosphorus (a) and nitrogen (b) between
solid and liquid fractions during hydrothermal processing.

Distribution of phosphorus between solid and liquid fractions in
hydrothermal treatments is shown in Figure 3a. Altogether 102 to
131% of the original phosphorus input was detected in these fractions
after hydrothermal treatments. The majority of phosphorus was
distributed in the solid fraction in pH close to neutral (pH 6). It is
reported that in neutral conditions, the majority of the phosphorus is
typically retained in the solid fraction in similar conditions when
hydrothermal carbonization process was used for manure [16], wheat
straw [17] and sewage sludge [18]. In the case of microalgae, however,
all the phosphorus was distributed in the liquid fraction in near neutral
pH range at the temperature of 200°C [19]. It has been suggested, that
the amount of inorganics influence the distribution of phosphorus
during the hydrothermal treatment [10,17] and the amount of
multivalent cations (e.g., Mg and Ca) in microalgae was too small for
the formation of insoluble phosphates that could be incorporated in
solid fraction [17]. Our results for enzymatically treated poultry by-
products showed that in pH 2 most of the phosphorus was still located
in the solid fraction while in pH 1 the majority of phosphorus was
found in the liquid fraction in the form of phosphate-ions (PO,*-P)
(Table 2). This observation showed that the behaviour of the sediment
during the hydrothermal treatment in acidic conditions was similar
compared to swine manure [10].

Processing conditions PO,2-P Total P PO,Z/tot P NH,-N Total N NH,*/tot N
mg L’ mg L % mg L mg L™’ %
150°C pH 2, 15 min 2319 2651 87 500 6800 7
pH2,3h 2272 2344 97 700 7500 9
220°C pH 6, 15 min 380 398 95 2100 10000 21
pH 2, 15 min 1323 1323 100 1700 8600 20
pH2,3h 782 796 98 2600 8000 33
pH1,3h 5453 5585 98 2700 8700 31

Table 2: The amount of phosphate PO,* and ammonium NH,* in liquid fraction as well as their percentage share from the total P and N,

respectively.
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According to the results, the influence of pH was more significant
on the migration of phosphorus than temperature and treatment time.
For sewage sludge it has also been shown [18] that temperature and
processing time did not significantly influence the migration of
phosphorus even though higher temperature did enhance the solubility
of nitrogen. The solid fraction from pH 6 contained the largest amount
of small bone particles due to the poor dissolution of the bone under
higher pH, which explained the lowest soluble phosphorus
concentration of the liquid fractions (Figure 3a). The result obtained
using pH 1 was also clear-cut as the pH was low enough to dissolve the
bones (no visible particles and the darkest color of all resulting solids)
and the phosphorus was transferred to the liquid fraction.
Interestingly, the amount of soluble phosphorus in pH 2 in 220°C was
lower than in 150°C. Also, the longer reaction time produced less
soluble phosphorus in both temperatures. One possible explanation for
these phenomena is the end- point pH (Table 1), which was higher
under 220°C than in 150°C, indicating higher dissolution of HAp and
release of hydroxide ions. The dissolved calcium and phosphorus may
have therefore formed larger amount of insoluble (acidic) calcium
phosphate compounds as the pH increased, thereby keeping the
phosphorus in the solid fraction. The end-point pH values may have
also been suitable for calcium-rich layer formation with the used
conditions, preventing further dissolution of the bone material. The
high concentrations of calcium in the solid fraction support these
conclusions although the difference to pH 1 is not very high. These
interpretations are, however, tentative as the original sediment was
treated as such, without further homogenization. Homogenized
sediment with similarly sized bone fragments probably would have
produced more comparative dissolution behavior for all samples.

Distribution of nitrogen between solid and liquid fractions is shown
in Figure 3b. Altogether 92 to 122% of the original nitrogen input was
detected in these fractions after hydrothermal treatments. Solid
fraction also included oily fraction forming up to 4% from the original
nitrogen input. The majority of nitrogen was concentrated in the liquid
fraction in all the processing conditions. The origin of nitrogen is the
organic residue and probably also the proteins remaining inside the
bone fragments in the sediments after the enzymatic treatment. The
nitrate and nitrite concentrations were very low (below detection
limits) which supports the statement of the nitrogen origin being
mainly organic [20]. As proteins hydrolyse, the released amino acids
first dissolve in water and then further hydrolyse into ammonium
nitrogen. Increasing temperature and time promoted the hydrolysis
resulting in higher ammonium concentrations [21] which was clearly
seen in the results. The amount of ammonium nitrogen (NH,*-N)
from the total nitrogen in liquid fraction varied between 7 and 9% in
150°C and between 21 to 33% in 220°C (Table 2). The results are also
consistent with the study of Kruse et al. [21] who found increasing
ammonium concentrations after hydrothermal carbonization of carrot
green as the temperature was raised from 180 to 220°C, although the
used pH was much higher. They also found temperature to be a more
significant factor for the ammonium increase than time, which again is
consistent with our results.

The majority of potassium (79-96%) was distributed to the liquid
fraction being negligible in the solid fraction (0.04-0.11%). Potassium,
released from the organic matter of the sediment, remained in the
solution phase, as potassium compounds are mostly water-soluble.
Furthermore, under acidic conditions, the remaining solid surfaces are
generally positively charged, thereby unattainable for cation
adsorption.

Up to 61% of the original carbon was migrated to the liquid fraction
with the higher temperature resulting in a solid fraction with rather
low carbon content between 10-23% (Table 1, Figure 4). At lower
processing temperature of 150°C, the carbon contents of the solid
fractions were slightly higher. Solid yield varied between 42 and 48% at
220°C and between 62 and 65% at 150°C. Tar-like oily fraction formed
at 220°C contained 71% of carbon and formed 0 to 21% of the original
carbon input. Overall 75 to 98% of the original carbon input was
detected in solid, liquid and oily fractions with the lowest rates at the
higher temperature. The rest of the carbon was gas, mass losses and/or
analytical errors. The amount of produced gas was not measured in
this study, but the trend of gas production was very similar to the
previous studies showing a gas increase with the increase of the
processing temperature and time [22].
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Figure 4: Distribution of carbon between solid and liquid fractions
during hydrothermal processing.

Conclusion

Phosphorus solubility was mainly pH dependent whereas nitrogen
extraction from the sediment was mostly affected by temperature.
Decreasing the process pH increased the amount of P extracted
whereas increasing temperature and time favoured nitrogen extraction.
A significant amount of organic-N was transferred to the liquid
fraction. The behaviour of potassium was independent of processing
conditions and highly soluble. The extraction of carbon was mainly
temperature dependent with higher temperature increasing the
amount of C in the liquid fraction, thereby decreasing the solid yield.
Calcium dissolution from the bones was again pH dependent with
higher extraction under lower pH. The results show that hydrothermal
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treatment is a viable solution for processing poultry by-products to
recover nutrients.
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‘Information Sheet

7. NUTRITION

/.14 Use of poultry manure

oultry manure is freely available within the

sugar industry, particularly in the KwaZulu-

Natal Midlands area (*100 000 tons
annually). Although applied regularly by some cane
growers, its use has been limited because of its bulk
and the relatively high cost of application. Presently,
however, there is considerable grower interest in its
use as an important source of nutrients in the farm
fertiliser programme, and for its ameliorating effect
on acid soils.

Composition of poultry manure

The nutrient content of poultry manure is highly
variable and depends on various factors such as the
feed given to the poultry, whether or not litter is
used as bedding, moisture content, and age of the
material. Two types of manure are commonly
available.

Battery manure — from egg
laying hens in cages which
contain no litter. It is often wet,
lumpy and somewhat more
difficult to handle and spread
than chicken litter. Left
undisturbed it can undergo
anaerobic fermentation, leading
to loss of nitrogen as ammonia.

Details of the spreader can be
obtained from the
Extension Officer: Midlands North.
Tel: 033-501 1647 Fax: 033-5011743

Below is the average nutrient content on a dry matter
basis of 25 samples analysed by FAS:

Nitrogen :2,5% Calcium :6,0%
Phosphorus : 1,5% Magnesium : 0,9%
Potassium : 1,6% Moisture  :40%

Present value on a fresh weight basis is +R103
per ton.

Chicken litter — from broilers run on bedding
material such as sawdust. This ‘litter’ absorbs the
droppings, remaining reasonably dry with minimal
loss of nutrients through fermentation, and is
relatively easy to handle. Broilers are fed on a
different diet to battery hens, as reflected in the
average nutrient content of chicken litter based on
30 samples analysed.

A ‘muck spreader’ applying chicken litter to sugarcane in the KwaZulu-
Natal Midlands.

SOUTH AFRICAN SUGARCANE RESEARCH INSTITUTE



Nitrogen :3,3% Calcium :3,0%
Phosphorus: 1,6% Magnesium : 0,7%
Potassium : 1,8% Moisture  :20%

Present value on a fresh weight basis is =R160
per ton.

Availability of nutrients

During the first year following application, about
80% and 65% of the total N and P respectively in
battery manure will become available to the crop.
Comparable figures for chicken litter are 60% N and
45% P. However, within three years of application
the residual N and P from both types of manure
should become available to the crop.

Over three years based on average nutrient and
moisture content:

5 tons of battery manure per hectare would provide
75 kg N, 45 kg P, 48 kg K and 180 kg Ca

5 tons of chicken litter per hectare would provide
132 kg N, 64 kg P, 72 kg K and 120 kg Ca.

Application rates

In general, 5 to 8 tons of battery manure or chicken
litter per hectare applied to the planting furrow will
provide adequate amounts of N and P on most soils,
but K may be inadequate. If the manure is broadcast
and incorporated before planting, then about twice
the in-furrow rate will be required. Care should be
taken to cover the poultry manure with soil before
planting seedcane because of its high N content,
which may ‘burn’ the buds if placed in direct contact
with the manure.

Note: Because of the variable nutrient content of
poultry manure, it may be necessary to balance the
crop nutrient requirement with inorganic fertilisers.
For this reason it is strongly recommended that
representative samples of the manure are submitted
timeously in sealed containers to the Fertiliser
Advisory Service for analysis in order to obtain
detailed advice on optimum application rates.

Other characteristics of poultry manure
Amelioration of soil acidity

Poultry manures also supply significant amounts of
calcium (25-35 kg Ca per ton) which with continual
application help to reduce acid saturation,

particularly in Midlands soils.

Micro-nutrients

Poultry manure is generally well supplied with micro-
nutrients:

Boron =40 ppm, Copper =20 ppm, Iron =1 000
ppm, Manganese +300 ppm, Molybdenum *4 ppm,
Zinc *200 ppm.

It is unlikely therefore that trace element imbalance
will occur following continuous use of poultry
manure. As a precaution, however, soil pH and
nutrient levels should be checked periodically by
FAS.

Effect on sucrose % cane

Sucrose % cane may be lowered quite substantially
by the application of poultry manure. This is because
of its high N content and the fact that N is released
gradually, which may delay the ripening of cane.
When using poultry manure the rate of applied
inorganic N fertiliser must be reduced in category 1
and 2 soils, which have a low to medium N
mineralising potential. In category 3 and 4 soils which
mineralise substantial amounts of N, particularly in
the Midlands, additional inorganic N fertiliser will
seldom be required.

Effect on Eldana population

Because of its high N content, excessive amounts of
poultry manure should not be applied, particularly
to category 3 and 4 soils in the Midlands which
mineralise large amounts of N, as this will favour an
increase in the Eldana population.

Residual effects

Following regular broadcast applications of poultry
manure to ratoon cane crops (8 tons per hectare),
and the continual release of N and P from this
material, substantial residual effects on yield can be
expected. In time this should enable the grower to
reduce the application rate without loss of yield. Soil
sampling of ratoons at regular intervals will allow
the FAS to adjust fertiliser advice accordingly.
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MODULE THREE: COMMON POULTRY
DISEASES AND PREVENTION METHODS

WHAT YOU WILL LEARN IN THIS MODULE

When you have completed this module, you should:

+ Know how a disease is defined

+ Be familiar with disease-causing agents

+ Recognize the vulnerabilities of poultry

+ Know what symptoms to look for to identify high-risk poultry diseases

+ Know who to contact when you have sick birds

WHAT IS A DISEASE?
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In common terms, a disease is an abnormal condition that is caused by infection,
basic weaknesses, or environmental stress. A disease is defined by a specific

Y group of signs or symptoms. Diseases prevent affected animals from functioning
normally.

Health is the overall condition of an animal at a given time. Disease causes this
condition to weaken. This can result in poor productivity and reduced quality of
the affected animals. It could even lead to the death/loss of one or all of the birds in a flock.

Diseases can be categorized by common causes, such as genetic, mechanical, toxic, and
nutritional. Infectious diseases are caused by viruses, bacteria, and fungi. Parasitic diseases are
caused by protozoa, worms, and external parasites such as mites and lice.

Infectious agents, commonly referred to as “germs,” move from one susceptible bird to another in
order to survive. For this to occur in a flock, a sufficient number of disease-causing agents must be
able to gain access to the susceptible birds. These are birds that have no immunity or other
resistance against these agents or whose defense mechanisms have been reduced or
overwhelmed at the time of infection.

WHY IS DISEASE SUCH A CONCERN IN POULTRY??

Certain diseases have the potential to decimate a region’s poultry industry. When one of these
diseases strikes, a quarantine or embargo could suddenly be placed on a region or nation. This
could cause widespread economic hardship for both commercial and small flock owners. To
protect their animals—and the poultry industry—flock owners must be able to identify diseases
quickly to prevent them from spreading to other animals. The sooner a disease is identified and
action is taken, the better.

HOW ARE DISEASES SPREAD?

Diseases are spread by:

+ Direct contact (bird-to-bird, infected manure)
« Indirect contact (contaminated equipment, people, environment)

* Vectors (wild animals, rodents, insects)

In addition, infectious agents need a “home base,” or reservoir of the disease, to persist in an area.
This reservoir could be other birds or organic matter providing life support for these agents.
Disrupting the methods by which diseases are spread can greatly reduce the threat to your flock.

POULTRY DISEASES WITH HIGH DEVASTATION RATES

Some diseases have a greater effect and
higher consequences for the bird population




than other diseases. One of these, pullorum-
typhoid disease, caused such concern that it
prompted the creation of the National Poultry
Improvement Plan. Active efforts by the NPIP
to control this disease have proven very
successful, and as a result, the disease has
nearly been eradicated. However, pullorum-
typhoid testing needs to be continued due to continued exposure from imported birds and other
sources.

While concern about pullorum-typhoid disease has been reduced significantly, other diseases still
threaten today’s poultry population. Two of these are avian influenza and Exotic Newcastle
Disease.

By becoming educated about these diseases, flock owners can protect their birds and promote
better animal health. Below are descriptions of these diseases, including their symptoms, how they
are spread, and effective prevention methods. Take time to become familiar with this information.

Avian Influenza



Avian influenza (Al) is a respiratory disease of birds. Al viruses can infect chickens, turkeys,
pheasants, quail, ducks, geese, and guinea fowl, as well as a wide variety of other birds. Migratory
waterfowl seem to be a natural reservoir/host for Al viruses. Type A influenza viruses are classified
according to the severity of illness they cause. Al viruses can be classified into low pathogenic and
highly pathogenic based on the severity of the iliness they cause in birds.

+ Low Pathogenic Avian Influenza (LPAI): Most Al strains are classified as LPAI and cause few
clinical signs in infected birds. Birds with LPAI may appear healthy and without signs of
sickness. However, LPAI can cause mild clinical signs, such as slight facial swelling and
some respiratory symptoms. LPAI is monitored because two strains of LPAI—the H5 and H7
strains—can mutate into highly pathogenic forms.

+ Highly Pathogenic Avian Influenza (HPAI): This is a very infectious and fatal form of the
disease that, once established, can spread rapidly from bird to bird or flock to flock. One
gram (approximately one fourth of a sugar packet) of contaminated manure can contain
enough virus to infect 1 million birds. HPAI typically causes severe illness with high death
losses.

How Al Is Spread: Al viruses spread primarily by direct contact between healthy and infected birds
through respiratory secretions and feces. The disease can spread through:

+ Exposure of poultry to wild waterfowl

+ lllegal international movement of birds

+ Movement of people and farm equipment
+ Smuggling of poultry and poultry products

- Contaminated poultry equipment (such as cages and crates, manure, vehicles, and egg flats)
and people whose clothing or shoes have come into contact with the virus

« Direct bird-to-bird contact

Survival Period of the Al Virus: HPAI viruses can remain viable at moderate temperatures for
several weeks in the environment and can survive indefinitely in frozen material. The virus can be
killed by dehydration or sunlight.

Clinical signs of HPAI:

+ Sudden death without clinical signs
+ Lack of energy and appetite

+ Decreased egg production and/or soft-
shelled or misshapen eggs

+ Swelling of the head, eyelids, comb,
wattles, and legs

+ Purple discoloration of the wattles,
combs, and legs

+ Nasal discharge, coughing, and sneezing



+ Lack of coordination

- Diarrhea

Prevention of Al:

* House poultry indoors T
* Avoid the use of farm ponds and bird T )
feeders S o >

« Avoid all contact with wild and domestic
waterfowl

« Avoid live bird markets

« Control cats, rodents, beetles, insects,
and other pests

+ Seek diagnostic help on unusual deaths
+ Avoid contact with your flock if working in poultry or swine processing

+ Try to avoid sharing equipment

+ If you share or borrow equipment, thoroughly clean and disinfect




Exotic Newcastle
Disease

Exotic Newcastle Disease (END) is a contagious and fatal viral disease that affects all bird species.
It is one of the most infectious poultry diseases in the world. END is so deadly that many birds die
without showing any signs of disease. In un-vaccinated poultry flocks, a death rate of almost 100
percent can occur, and END can cause death even in vaccinated poultry. Poultry hobbyists and
owners of pet birds should be especially careful because birds illegally smuggled into the United
States are not quarantined and tested by U.S. Department of Agriculture and, therefore, may carry
the END virus.

How END Spreads:

+ Primarily through direct contact between healthy birds and the bodily discharges of infected
birds

+ Rapidly among birds kept in confinement, such as commercially raised chickens and turkeys

+ Through exposure to virus-bearing material picked up on shoes, clothing, equipment, and
vehicles

Survival Period of the END Virus:The virus that causes END can survive in a warm and humid
environment for several weeks. This environment could be birds’ feathers, manure, and other
materials. Frozen, the virus can survive for extremely long periods. However, it is destroyed quickly
by dehydration or sunlight.

Clinical Signs of END

*+ Sneezing, gasping for air, nasal
discharge, coughing

+ Greenish, watery diarrhea

+ Depression, muscular tremors, drooping
wings, twisting of head and neck,
circling, and paralysis

+ Partial to complete drop in egg
production

+ Production of thin-shelled eggs
+ Swelling of tissues around the eyes and in the neck
+ Sudden death and a high death rate in infected flock



Prevention of END: Prevention of END can be done through sound vaccination programs and
practicing biosecurity. Also, avoid contact with pet birds that belong to others, game fowl and live
bird markets.

Pullorum-Typhoid
Disease

Pullorum-Typhoid (PT) bacteria are host-adapted, with all types of fowl being vulnerable to
infection. Turkeys, for instance, are very prone to the disease. For them a serum test must be used,
because research has shown this is the most effective test for these particular birds. Chickens are
especially susceptible to pullorum-typhoid disease. Both hens and roosters can carry the bacteria,
oftentimes doing so without showing any outward sign of infection. Occasionally, though, an adult
bird’s joints may show signs of swelling, which is an indicator of possible pullorum-typhoid
contamination.



How PT Spreads:

« Primarily transmitted from hen to young hatchlings directly through the egg
+ Often localized in the reproductive organs of a diseased female

+ Can also be transmitted through the digestive and respiratory secretions of infected birds

Survival Period of PT: Pullorum-typhoid bacteria can live in birds or eggs for more than a few
weeks in the appropriate temperatures. The bacteria can be inactivated in extreme freezing
temperatures and killed in extreme heat.

Clinical Signs of PT:

+ signs of swelling in joints of adult birds
+ Severe lesions on many of the internal organs

+ White pasty excrement (the disease was
originally called bacillary white diarrhea)

+ Physical appearance of chicks and poults
(drowsiness, lack of appetite, drooping wing,
labored breathing, swelling in joints, and a
stunted or distorted body appearance)

+ High death rate in the first three weeks after
hatching, sometimes approaching 100 percent of
the brood

WHEN YOU RECOGNIZE A DISEASE PROBLEM IN YOUR
FLOCK

1. Take steps immediately to reduce the spread of disease.

If you suspect that a disease is present in your flock, taking steps to contain it will reduce its effect
and eliminate it sooner. To prevent the disease from spreading to even more birds—both within
your flock and to other flocks throughout the industry—take the following precautions:

+ Separate the sick bird(s) from the rest of the flock.

+ Do not allow any person or equipment to come into contact with your
flock or property until you can consult with a veterinarian.

+ Shower and disinfect your clothing and footwear after contact with the
sick bird(s) or its environment; you will need to repeat these actions each
time you have further contact with the sick bird(s).




There are many additional steps you can take to reduce the risk of infection for your birds. Module
4 contains more information about protecting your flock through a biosecurity plan, or a group of
actions that are used specifically to prevent the spread of diseases.

2. Contact your veterinarian.

When a bird shows signs of being ill, symptoms alone may not be enough to diagnose a particular
disease, since some diseases share similar symptoms. You should ask your local veterinarian to
diagnose all unidentified illnesses. If you do not have a veterinarian, contact your county extension
office at https://extension.purdue.edu/pages/CountyOffices.aspx

3. Contact the Purdue Animal Disease Diagnostic Laboratory.

This facility can perform the tests necessary
to help diagnose a disease in your flock. In
northern Indiana, contact the West Lafayette
location at (765) 494-7440. In southern
Indiana, contact the Dubois location at (812)
678-3401. Their website is
https://www.addl.purdue.edu/

4. (Optional) Call the USDA's Biosecurity for the Birds toll-free hotline at (866) 536-7593. The
USDA operates a toll-free hotline that can offer information about the proper steps for dealing with
a possible disease outbreak. They can provide a local contact.

Module 3 Quiz
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Respiratory Diseases

There are many common and important diseases which can
affect the respiratory system (air passages, lungs, air sacs)
of poultry (see Table 1). Poultry refers to birds that people
keep for their use and generally includes the chicken,
turkey, duck, goose, quail, pheasant, pigeon, guinea fowl,
pea fowl, ostrich, emu, and rhea. Due to modern systems
of management, usually with high poultry densities, these
diseases are able to readily spread.

Fowl Pox

Synonyms: chicken pox (not to be confused with chicken
pox in humans; the human disease does not affect poultry
and vice versa), sore head, avian diphtheria, bird pox

Species affected: Most poultry—chickens, turkeys, pheas-
ants, quail, ducks, psittacine, and ratites—of all ages are
susceptible.

Clinical signs: There are two forms of fowl pox. The

dry form is characterized by raised, wart-like lesions on
unfeathered areas (head, legs, vent, etc.). The lesions heal
in about 2 weeks. If the scab is removed before healing

is complete, the surface beneath is raw and bleeding.
Unthriftiness and retarded growth are typical symptoms
of fowl pox. In laying hens, infection results in a transient
decline in egg production (see Table 1).

In the wet form there are canker-like lesions in the mouth,
pharynx, larynx, and trachea. The wet form may cause

psS47

respiratory distress by obstructing the upper air passages.
Chickens may be affected with either or both forms of fowl
pox at one time.

Transmission: Fowl pox is transmitted by direct contact
between infected and susceptible birds or by mosquitos.
Virus-containing scabs also can be sloughed from affected
birds and serve as a source of infection. The virus can
enter the blood stream through the eye, skin wounds, or
respiratory tract. Mosquitos become infected from feeding
on birds with fowl pox in their blood stream. There is
some evidence that the mosquito remains infective for life.
Mosquitos are the primary reservoir and spreaders of fowl
pox on poultry ranges. Several species of mosquito can
transmit fowl pox. Often mosquitos winter-over in poultry
houses so, outbreaks can occur during winter and early

spring.

Treatment: No treatment is available. However, fowl pox is
relatively slow-spreading. Thus, it is possible to vaccinate to
stop an outbreak. The wing-web vaccination method is used
for chickens and the thigh-stick method for turkeys older
than 8 weeks.

Prevention: Fowl pox outbreaks in poultry confined to
houses can be controlled by spraying to kill mosquitos.
However, if fowl pox is endemic in the area, vaccination

is reccommended. Do not vaccinate unless the disease
becomes a problem on a farm or in the area. Refer to the
publication PS-36 (Vaccination of Small Poultry Flocks) for
more information on fowl pox vaccinations.

1. This document is PS47, one of a series of the Veterinary Medicine-Large Animal Clinical Sciences Department, UF/IFAS Extension. Original publication
date May 1999. Reviewed December 2018. Visit the EDIS website at https://edis.ifas.ufl.edu for the currently supported version of this publication.

2. G.D.Butcher, Extension poultry veterinarian, Faculty of Veterinary Medicine; J. P. Jacob, poultry Extension coordinator; and F. B. Mather, poultry
Extension specialist, Dairy and Poultry Sciences Department, UF/IFAS Extension, Gainesville, FL 32611.

The Institute of Food and Agricultural Sciences (IFAS) is an Equal Opportunity Institution authorized to provide research, educational information and other services
only to individuals and institutions that function with non-discrimination with respect to race, creed, color, religion, age, disability, sex, sexual orientation, marital status,
national origin, political opinions or affiliations. For more information on obtaining other UF/IFAS Extension publications, contact your county’s UF/IFAS Extension office.
U.S. Department of Agriculture, UF/IFAS Extension Service, University of Florida, IFAS, Florida A & M University Cooperative Extension Program, and Boards of County

Commissioners Cooperating. Nick T. Place, dean for UF/IFAS Extension.
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Newcastle Disease
Synonyms: pneumoencephalitis

The highly contagious and lethal form of Newcastle disease
is known as viscerotropic (attacks the internal organs)
velogenic Newcastle disease, VVND, exotic Newcastle
disease, or Asiatic Newcastle disease. VVND is not present
in the United States poultry industry at this time.

Species affected: Newcastle disease affects all birds of all
ages. Humans and other mammals are also susceptible to
Newcastle. In such species, it causes a mild conjunctivitis.

Clinical signs: There are three forms of Newcastle
disease—mildly pathogenic (lentogenic), moderately
pathogenic (mesogenic) and highly pathogenic (velogenic).
Newcastle disease is characterized by a sudden onset of
clinical signs which include hoarse chirps (in chicks),
watery discharge from nostrils, labored breathing (gasp-
ing), facial swelling, paralysis, trembling, and twisting of
the neck (sign of central nervous system involvement).
Mortality ranges from 10 to 80 percent depending on the
pathogenicity. In adult laying birds, symptoms can include
decreased feed and water consumption and a dramatic drop
in egg production (see Table 1).

Transmission: The Newcastle virus can be transmitted
short distances by the airborne route or introduced on
contaminated shoes, caretakers, feed deliverers, visitors,
tires, dirty equipment, feed sacks, crates, and wild birds.
Newcastle virus can be passed in the egg, but Newcastle-
infected embryos die before hatching. In live birds, the
virus is shed in body fluids, secretions, excreta, and breath.

Treatment: There is no specific treatment for Newcastle
disease. Antibiotics can be given for 3-5 days to prevent
secondary bacterial infections (particularly E. coli ). For
chicks, increasing the brooding temperature 5°F may help
reduce losses.

Prevention: Prevention programs should include vac-
cination (see publication PS-36, Vaccination of Small
Poultry Flocks), good sanitation, and implementation of a
comprehensive biosecurity program.

Infectious Bronchitis
Synonyms: IB, bronchitis, cold

Species affected: Infectious bronchitis is a disease of

chickens only. A similar disease occurs in bobwhite quail
(quail bronchitis), but it is caused by a different virus.

Common Poultry Diseases

Clinical signs: The severity of infectious bronchitis infec-
tion is influenced by the age and immune status of the
flock, by environmental conditions, and by the presence

of other diseases. Feed and water consumption declines.
Affected chickens will be chirping, with a watery discharge
from the eyes and nostrils, and labored breathing with
some gasping in young chickens. Breathing noises are more
noticeable at night while the birds rest. Egg production
drops dramatically. Production will recover in 5 or 6 weeks,
but at a lower rate. The infectious bronchitis virus infects
many tissues of the body, including the reproductive tract
(see Table 1). Eggshells become rough and the egg white
becomes watery. (See publication PS-24, Egg Quality, for
other causes of poor egg quality.)

Transmission: Infectious bronchitis is a very contagious
poultry disease. It is spread by air, feed bags, infected

dead birds, infected houses, and rodents. The virus can be
egg-transmitted, however, affected embryos usually will not
hatch.

Treatment: There is no specific treatment for infectious
bronchitis. Antibiotics for 3-5 days may aid in combating
secondary bacterial infections. Raise the room temperature
5°F for brooding-age chickens until symptoms subside.
Baby chicks can be encouraged to eat by using a warm,
moist mash.

Prevention: Establish and enforce a biosecurity program.
Vaccinations are available.

Quail Bronchitis
Synonyms: none

Species affected: Bobwhite quail are affected. Japanese
corturnix quail are resistant. The disease is prevalent in the
southern states where bobwhite quail are common. Quail
bronchitis occurs seasonally as new hatches and broods
come along each year.

Clinical signs: Respiratory distress occurs with tracheal
rales (rattles), sneezing, and coughing. Feed and water
consumption declines dramatically. There can also be
conjunctivitis (inflammation of the eye). Loose watery
feces are seen in older and sub-acutely affected birds. Nasal
discharges are not seen, differentiating quail bronchitis
from similar diseases in other poultry (see Table 1).

Transmission: Once infected, quail bronchitis remains on
the farm for the duration of the breeding season, infecting
each successive brood.



Treatment: There is no specific treatment against quail
bronchitis. Quail bronchitis infections are often compli-
cated by concurrent mycoplasma infections. Antibiotics
can be used to combat secondary infections. Add tylosin
(500g/ton) to the feed for 10 days, withhold the medication
for 5 days, and then repeat medication for 5 days. Alternate
medication regimens are tylosin (Tylan) or erythromycin
(Gallimycin) in the drinking water for the same period of
time.

Prevention: There is no commercial vaccine on the market.
It is necessary to break the cycle by depopulating and
thoroughly cleaning and disinfecting pens and equipment,
followed by a 30-90 day quarantine of the facilities.

Avian Influenza

Synonyms: AJ, flu, influenza, fowl plague

Species affected: Avian influenza can occur in most, if not
all, species of birds.

Clinical signs: Avian influenza is categorized as mild or
highly pathogenic. The mild form produces listlessness, loss
of appetite, respiratory distress, diarrhea, transient drops in
egg production, and low mortality. The highly pathogenic
form produces facial swelling, blue comb and wattles, and
dehydration with respiratory distress. Dark red/white spots
develop in the legs and combs of chickens. There can be
blood-tinged discharge from the nostrils. Mortality can
range from low to near 100 percent. Sudden exertion adds
to the total mortality. Egg production and hatchability
decreases. There can be an increase in production of
soft-shelled and shell-less eggs (see Table 1).

Transmission: The avian influenza virus can remain viable
for long periods of time at moderate temperatures and can
live indefinitely in frozen material. As a result, the disease
can be spread through improper disposal of infected
carcasses and manure. Avian influenza can be spread by
contaminated shoes, clothing, crates, and other equipment.
Insects and rodents may mechanically carry the virus from
infected to susceptible poultry.

Treatment: There is no effective treatment for avian influ-
enza. With the mild form of the disease, good husbandry,
proper nutrition, and broad spectrum antibiotics may
reduce losses from secondary infections. Recovered flocks
continue to shed the virus. Vaccines may only be used with
special permit.

Prevention: A vaccination program used in conjunction
with a strict quarantine has been used to control mild forms
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of the disease. With the more lethal forms, strict quarantine
and rapid destruction of all infected flocks remains the only
effective method of stopping an avian influenza outbreak.

If you suspect you may have Avian Influenza in your

flock, even the mild form, you must report it to the state
veterinarian’s office. A proper diagnosis of avian influenza
is essential. Aggressive action is recommended even for
milder infections as this virus has the ability to readily
mutate to a more pathogenic form.

For more information on avian influenza, refer to publica-
tion PS-38 (Avian Influenza in Poultry Species).

Infectious Coryza
Synonyms: roup, cold, coryza

Species affected: chickens, pheasants, and guinea fowl.
Common in game chicken flocks.

Clinical signs: Swelling around the face, foul smelling,
thick, sticky discharge from the nostrils and eyes, labored
breathing, and rales (rattles—an abnormal breathing
sound) are common clinical signs. The eyelids are irritated
and may stick together. The birds may have diarrhea and
growing birds may become stunted (see Table 1).

Mortality from coryza is usually low, but infections can
decrease egg production and increase the incidence and/

or severity of other diseases. Mortality can be as high as 50
percent, but is usually no more than 20 percent. The clinical
disease can last from a few days to 2-3 months, depending
on the virulence of the pathogen and the existence of other
infections such as mycoplasmosis.

Transmission: Coryza is primarily transmitted by direct
bird-to-bird contact. This can be from infected birds
brought into the flock as well as from birds which recover
from the disease which remain carriers of the organism
and may shed intermittently throughout their lives. Birds
risk exposure at poultry shows, bird swaps, and live-bird
sales. Inapparent infected adult birds added into a flock are
a common source for outbreaks. Within a flock, inhalation
of airborne respiratory droplets, and contamination of feed
and/or water are common modes of spread.

Treatment: Water soluble antibiotics or antibacterials can
be used. Sulfadimethoxine (Albon®, Di-Methox™) is the
preferred treatment. If it is not available, or not effective,
sulfamethazine (Sulfa-Max®, SulfaSure™), erythromycin
(gallimycin®), or tetracycline (Aureomycin®) can be used as
alternative treatments. Sulfa drugs are not FDA approved
for pullets older than 14 weeks of age or for commercial



layer hens. While antibiotics can be effective in reducing
clinical disease, they do not eliminate carrier birds.

Prevention: Good management and sanitation are the best
ways to avoid infectious coryza. Most outbreaks occur as a
result of mixing flocks. All replacement birds on “coryza-
endemic” farms should be vaccinated. The vaccine (Coryza-
Vac) is administered subcutaneously (under the skin) on
the back of the neck. Each chicken should be vaccinated
four times, starting at 5 weeks of age with at least 4 weeks
between injections. Vaccinate again at 10 months of age and
twice yearly thereafter.

Infectious Laryngotracheitis
Synonyms: LT, ILT, trach, laryngo

Species affected: Chickens and pheasants are affected by
LT. Chickens 14 weeks and older are more susceptible than
young chickens. Most LT outbreaks occur in mature hens.
In recent years, LT has also caused significant respiratory
problems in broilers greater than 3 weeks of age, especially
during the cooler seasons of the year. This is believed to be
due to unwanted spread of LT vaccines between poultry
flocks.

Clinical signs: The clinical sign usually first noticed is
watery eyes. Affected birds remain quiet because breathing
is difficult. Coughing, sneezing, and shaking of the head to
dislodge exudate plugs in the windpipe follow. Birds extend
their head and neck to facilitate breathing (commonly
referred to as “pump handle respiration”). Inhalation
produces a wheezing and gurgling sound. Blood-tinged
exudates and serum clots are expelled from the trachea of
affected birds. Many birds die from asphyxiation due to a
blockage of the trachea when the tracheal plug is freed (see
Table 1).

Transmission: LT is spread by the respiratory route. LT is
also spread from flock to flock by contaminated clothing,
shoes, tires, etc. Birds that recover should be considered
carriers for life. LT may be harbored in speciality poultry
such as exhibition birds and game fowl.

Treatment: Incinerate dead birds, administer antibiotics

to control secondary infection, and vaccinate the flock.
Mass vaccination by spray or drinking water method is

not recommended for large commercial or caged flocks.
Individual bird administration by the eye-drop route is sug-
gested. Follow manufacturers instructions. In small poultry
flocks, use a swab to remove plug from gasping birds, and
vaccinate by eye-drop method.
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Prevention: Vaccinate replacement birds for outbreak
farms. Vaccination for LT is not as successful as for other
disease, but is an excellent preventive measure for use in
outbreaks and in epidemic areas. Refer to the publication
PS-36 (Vaccination of Small Poultry Flocks) for more
information on LT vaccinations.

Turkey Rhinotracheitis
Synonyms: TRT, rhino tracheitis

Species affected: Turkeys of all ages are susceptible, but
the disease is most severe in young poults. Chickens are
susceptible to the virus. Experimentally, guinea fowl and
pheasants are susceptible, but waterfowl and pigeons are
resistant.

Clinical signs: Respiratory signs in poults include snick-
ing, rales, sneezing, nasal exudates (often frothy), foamy
conjunctivitis, and sinusitis. Drops in egg production can
be as much as 70 percent (see Table 1).

Transmission: Spread is primarily by contact with con-
taminated environments, feed and water, recovered birds,
equipment, and personnel.

Treatment: No drugs are available to combat the virus.
Antibiotic therapy is recommended to control secondary
bacterial infections.

Prevention: No vaccines are currently available. Prevention
is dependent on a comprehensive biosecurity program.

Chlamydiosis

Synonyms: ornithosis, psittacosis, parrot fever

The disease was called psittacosis or parrot fever when
diagnosed in psittacine (curve-beaked) birds, and called
ornithosis when diagnosed in all other birds or in humans.
Currently, the term chlamydiosis is used to describe
infections in any animal.

Species affected: Affected species include turkeys, pigeons,
ducks, psittacine (curve-beaked) birds, captive and aviary
birds, many other bird species, and other animals. Chickens
are not commonly affected. Humans are susceptible, espe-
cially older and immunosuppressed individuals who are at
a higher risk. Chlamydiosis in humans is an occupational
disease of turkey growers, haulers, and processing workers
in the live-bird areas and of workers in pet-bird aviaries
although the incidence is rare. For more information, refer



to publication PS-23 (Avian Diseases Transmissible to
Humans).

Clinical signs: Clinical signs in most birds include
nasal-ocular discharge, conjunctivitis, sinusitis, diarrhea,
weakness, loss of body weight, and a reduction in feed
consumption. In turkeys there is also respiratory distress
and loose yellow to greenish-yellow colored droppings.
Chylamydiosis runs rather slowly through turkey flocks,
with a maximum incidence of around 50 percent (see Table

1).

Transmission: The primary means of transmission is
through inhalation of fecal dust and respiratory tract secre-
tions. It can also be transmitted on contaminated clothing
and equipment. Recovered birds remain carriers and will
continue to intermittently shed the infective agent for long
periods after clinical signs have subsided. Environmental
stress may provoke a reoccurrence of the disease.

Treatment: Chlorotetracycline can be given in the feed
(200-400 g/ton) for 3 weeks. Other antibiotics are usually
ineffective. Recovered birds are safe for processing. Perma-
nent lesions on the heart and liver are not infectious. FDA
withdrawal periods for medications used must be strictly
observed to avoid residual chemicals in the tissues.

Prevention: There is no vaccine. Have a good biosecurity
program, excluding wild birds as much as possible.

Swollen Head Syndrome
Synonyms: Facial cellulitis, thick head, Dikkop, SHS

Species affected: Chickens and turkeys are the known
natural hosts. Experimentally, guinea fowl and pheasants
are susceptible but pigeons, ducks, and geese are resistant
to the infection. SHS does not presently occur in the United
States, but is present in most countries of the world.

Clinical signs: In chicks and poults, there is initial sneez-
ing, followed by reddening and swelling of the tear ducts
and eye tissue. Facial swelling will extend over the head and
down the jaw and wattles. Adult chickens have mild respira-
tory disease followed by a few birds having swollen heads.
Other signs include disorientation, twisting of the neck, and
a significant drop in egg production (see Table 1).

Transmission: The infection spreads by direct contact

with infected birds or indirectly by exposure to infectious
material.
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Treatment: There is no proven medication for swollen head
syndrome. The disease is caused by a virus classified as a
pneumovirus. A disease closely mimicking SHS is caused
by a mixed infection of respiratory viruses and specific
bacteria. Antibiotic therapy may be helpful against the
bacterial component.

Prevention: A commercial vaccine is available. Swollen
head syndrome is considered an exotic disease and a live
vaccine is not approved for use in the United States.

Synonyms: MG, chronic respiratory disease (CRD),
infectious sinusitis, mycoplasmosis

Species affected: chickens, turkeys, pigeons, ducks, pea-
fowl, and passerine birds.

Clinical signs: Clinical symptoms vary slightly between
species. Infected adult chickens may show no outward
signs if infection is uncomplicated. However, sticky, serous
exudate from nostrils, foamy exudate in eyes, and swollen
sinuses can occur, especially in broilers. The air sacs may
become infected. Infected birds can develop respiratory
rales and sneeze. Affected birds are often stunted and
unthrifty (see Table 1).

There are two forms of this disease in the turkey. With the
“upper form” the birds have watery eyes and nostrils, the
infraorbitals (just below the eye) become swollen, and the
exudate becomes caseous and firm. The birds have respira-
tory rales and show unthriftiness.

With the “lower form”, infected turkeys develop airsac-
culitis. As with chickens, birds can show no outward signs
if the infection is uncomplicated. Thus, the condition may
go unnoticed until the birds are slaughtered and the typical
legions are seen. Birds with airsacculitis are condemned.

MG in chicken embryos can cause dwarfing, airsacculitis,
and death.

Transmission: MG can be spread to offspring through
the egg. Most commercial breeding flocks, however, are
MG-free. Introduction of infected replacement birds can
introduce the disease to MG-negative flocks. MG can also
be spread by using MG-contaminated equipment.

Treatment: Outbreaks of MG can be controlled with the
use of antibiotics. Erythromycin, tylosin, spectinomycin,
and lincomycin all exhibit anti-mycoplasma activity and
have given good results. Administration of most of these
antibiotics can be by feed, water or injection. These are



effective in reducing clinical disease. However, birds remain
carriers for life.

Prevention: Eradication is the best control of mycoplasma
disease. The National Poultry Improvement Plan monitors
all participating chicken and turkey breeder flocks.

Synonyms: MS, infectious synovitis, synovitis, silent air sac
Species affected: chickens and turkeys.

Clinical signs: Birds infected with the synovitis form show
lameness, followed by lethargy, reluctance to move, swollen
joints, stilted gait, loss of weight, and formation of breast
blisters. Birds infected with the respiratory form exhibit
respiratory distress. Greenish diarrhea is common in dying
birds (see Table 1). Clinically, the disease in indistinguish-
able from MG.

Transmission: MS is transmitted from infected breeder to
progeny via the egg. Within a flock, MS is spread by direct
contact with infected birds as well as through airborne
particles over short distances.

Treatment: Recovery is slow for both respiratory and
synovitis forms. Several antibiotics are variably effective.
The most effective are tylosin, erthromycin, spectinomycin,
lincomycin, and chlorotectracycline. These antibiotics can
be given by injection while some can be administered in the
feed or drinking water. These treatments are most effective
when the antibiotics are injected.

Prevention: Eradication is the best and only sure control.
Do not use breeder replacements from flocks that have had
MS. The National Poultry Improvement Plan monitors for
MS.

Synonyms: MM, N strain, H strain

Species affected: MM affects turkeys of all ages, although
poults are affected more severely than mature turkeys.
Recently, MM has been shown to infect pigeon, quail and
peafowl.

Clinical signs: A drop-off in production and hatchability
can be expected in breeder flocks. There can be very high
mortality in young poults. Unthriftiness, respiratory
distress, stunting, crooked neck with deformity of cervical
vertebrae, and leg deformation are common in young birds
(see Table 1).
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Transmission: Egg transmission is low in the early breed-
ing period, but rises as the the age of the flock increases.
Infections can be introduced into a flock by contaminated
equipment, shoes, and clothing of workers and visitors.

Treatment: Several antibiotics have been effective
including tylosin, erythromycin, spectinomycin, and
linco-spectinomycin.

Prevention: The best preventive measure is to keep
MM-free breeders. The MM-free status of breeders can be
confirmed by periodic blood tests through the National
Poultry Improvement Plan.

Aspergillosis

Synonyms: brooder pneumonia, mycotic pneumonia, fun-
gal pneumonia, Aspergillus. When the source of the disease
is the hatchery, the disease is called brooder pneumonia. In
older birds, the disease is called aspergillosis.

Species affected: All birds (domestic poultry, pigeons,
canary and zoo bird species), animals, humans, and plants
are susceptible.

Clinical signs: Aspergillosis occurs as an acute disease of
young birds and a chronic disease in mature birds. Young
birds have trouble breathing and gasp for air. Characteristi-
cally, there are no rales or respiratory sounds associated
with aspergillosis. Feed consumption decreases. Occasion-
ally there is paralysis or convulsions caused by the fungal
toxin. Mortality in young birds averages 5-20 percent,

but may be as high as 50 percent. Mature birds also have
respiratory distress, reduced feed consumption, and may
have a bluish and dark color of the skin (cyanosis). Nervous
disorders, such as twisted necks, may occur in a few birds
(see Table 1). Mortality in mature birds is usually less than
5 percent.

Transmission: Aspergillosis is caused by a fungus. The
fungus grows well at room temperature and higher. All
litter and nest materials (peat moss, peanut hulls, sawdust,
peat, bark, straw) have been known to have been contami-
nated with aspergillus. Feed and water should be suspect
when attempting to identify the source of contamination.

Treatment: There is no cure for infected birds. The spread
can be controlled by improving ventilation, eliminating the
source of the infection, and adding a fungistat (mycostatin,
mold curb, sodium or calcium propionate, or gentian
violet) to the feed and/or copper sulfate or acidified copper
in the drinking water for 3 days. The litter can be sprayed



lightly with an oil-base germicide to control dust and air
movement of fungal spores.

Prevention: It is important to thoroughly clean and disin-
fect the brooding area between broods. Use only clean litter,
preferably soft wood shavings. Do not use sawdust, litter
high in bark content, or shavings that have been wet.

Viral Diseases (nonrespiratory)
Marek’s Disease

Synonyms: acute leukosis, neural leukosis, range paralysis,
gray eye (when eye affected)

Species affected: Chickens between 12 to 25 weeks of
age are most commonly clinically affected. Occasionally
pheasants, quail, game fowl and turkeys can be infected.

Clinical signs: MareK’s disease is a type of avian cancer.
Tumors in nerves cause lameness and paralysis. Tumors
can occur in the eyes and cause irregularly shaped pupils
and blindness. Tumors of the liver, kidney, spleen, gonads,
pancreas, proventriculus, lungs, muscles, and skin can
cause incoordination, unthriftiness, paleness, weak labored
breathing, and enlarged feather follicles. In terminal stages,
the birds are emaciated with pale, scaly combs and greenish
diarrhea (see Table 2).

MareK’s disease is very similar to Lymphoid Leukosis, but
Marek’s usually occurs in chickens 12 to 25 weeks of age
and Lymphoid Leukosis usually starts at 16 weeks of age.

Transmission: The Marek’s virus is transmitted by air
within the poultry house. It is in the feather dander, chicken
house dust, feces and saliva. Infected birds carry the virus
in their blood for life and are a source of infection for
susceptible birds.

Treatment: none

Prevention: Chicks can be vaccinated at the hatchery.
While the vaccination prevents tumor formation, it does
not prevent infection by the virus.

Lymphoid Leukosis

Synonyms: visceral leukosis, leukosis, big liver, LL
Species affected: Although primarily a disease of chickens,

lymphoid leukosis can infect turkeys, guinea fowl, pheas-
ants, and doves, but not on a large scale.
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Clinical signs: The virus involved has a long incubation
period (4 months or longer). As a result, clinical signs are
not noticeable until the birds are 16 weeks or older. Affected
birds become progressively weaker and emaciated. There

is regression of the comb. The abdomen becomes enlarged.
Greenish diarrhea develops in terminal stages (see Table 2).

Transmission: The virus is transmitted through the egg to
offspring. Within a flock, it is spread by bird-to-bird contact
and by contact with contaminated environments. The virus
is not spread by air. Infected chicken are carriers for life.

Treatment: none

Prevention: The virus is present in the yolk and egg white
of eggs from infected hens. Most national and international
layer breeders have eradicated lymphoid leukosis from
their flocks. Most commercial chicks are lymphoid-leukosis
negative because they are hatched from LL-free breeders.
The disease is still common in broiler breeder flocks.

Infectious Bursal Disease

Synonyms: Gumboro, IBD, infectious bursitis, infectious
avian nephrosis

Species affected: chickens

Clinical signs: In affected chickens greater than 3 weeks of
age, there is usually a rapid onset of the disease with a sud-
den drop in feed and water consumption, watery droppings
leading to soiling of feathers around the vent, and vent
pecking. Feathers appear ruffled. Chicks are listless and sit
in a hunched position. Chickens infected when less than

3 weeks of age do not develop clinical disease, but become
severely and permanently immunosuppressed (see Table 2).

Transmission: The virus is spread by bird-to-bird contact,
as well as by contact with contaminated people and equip-
ment. The virus is shed in the bird droppings and can be
spread by air on dust particles. Dead birds are a source of
the virus and should be incinerated.

Treatment: There is no specific treatment. Antibiotics, sul-
fonamides, and nitrofurans have little or no effect. Vitamin-
electrolyte therapy is helpful. High levels of tetracyclines
are contraindicated because they tie up calcium, thereby
producing rickets. Surviving chicks remain unthrifty

and more susceptible to secondary infections because of
immunosuppression.

Prevention: A vaccine is commercially available.



Equine Encephalitis
Synonyms: EE, EEE, WEE

Note: This disease should not be confused with St. Louis
Encephalits (SLE). Chickens are used as sentinels (test
animals) in SLE suspect areas, such as southern Florida.
While SLE is also carried by mosquitos, that is where
the similarities between the two encephalitis diseases
end. Chickens do not get SLE. Refer to Factsheet VM71
(St. Louis Encephalitis—The Role of Chickens) for more
information on SLE.

Species affected: Equine encephalitis is a contagious
disease of birds (especially pheasants), mammals (especially
horses), and people. Birds are the major source of the virus.

Clinical signs: Two forms affect birds: eastern equine
encephalitis (EEE) and western equine encephalitis (WEE).
The clinical signs are identical and include reduced feed
consumption, staggering, and paralysis. Surviving birds
may be blind, have muscle paralysis, and have difficulty
holding their head up. Damage to the bird’s nervous system
varies with species. In pheasants, there is pronounced leg
paralysis, twisting of the neck, and tremors. Mortality is
high. Chukar partridges and turkeys show drowsiness,
paralysis, weakness, and death (see Table 2).

Transmission: Infected mosquitoes are the primary

source of the virus. The Culiseta melanuria mosquito is the
primary transmitter of the virus to poultry. Other mosquito
species transmit the disease too, but feed mostly on other
animals. Cannibalism of sick or dead birds by penmates is a
major source of transmission within pens.

Treatment: none

Prevention: Remove the source of infection by establishing
mosquito control: keep weeds mowed in a 50-foot strip
around bird pens. This removes cover and resting areas for
mosquitos. Eliminate mosquito breeding areas. Fog areas
with malathion.

It is possible to immunize birds, especially pheasants, with

the vaccine prepared for horses. The recommended dose is
one-tenth of a horse dose per bird.

Avian Encephalomyelitis
Synonyms: epidemic tremor, AE

Species affected: The disease is most prevalent in chickens
less than 6 weeks of age. Pheasants, corturnix quail, and
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turkeys are natural hosts as well, but less susceptible than
chickens. Ducklings, young pigeons, and guinea fowl can be
experimentally infected.

Clinical signs: Signs commonly appear during the first
week of life and between the second and third weeks.
Affected chicks may first show a dull expression of the eyes,
followed by progressive incoordination, sitting on hocks,
tremors of the head and neck, and finally paralysis or
prostration. Affected chicks are inactive. Some may refuse
to walk or will walk on their hocks. In advanced cases,
many chicks will lie with both feet out to one side (pros-
trate) and die. All stages (dullness, tremors, prostration)
can usually be seen in an affected flock. Feed and water
consumption decreases and the birds lose weight. In adult
birds, a transitory drop (5-20 percent) in egg production
may be the only clinical sign present. However, in breeding
flocks, a corresponding decrease in hatchability is also
noted as the virus is egg- transmitted until hens develop
immunity. Chickens which survive the clinical disease may
develop cataracts later in life (see Table 2).

Transmission: The virus can be transmitted through the
egg from infected hen to chick, accounting for disease
during the first week of life. The disease can also be spread
through a flock by direct contact of susceptible hatchlings
with infected birds, accounting for the disease at 2-3 weeks
of age. Indirect spread can occur through fecal contamina-
tion of feed and water. Recovered birds are immune and do
not spread the virus.

Treatment: There is no treatment for outbreaks. Infected
birds should be removed, killed and incinerated. Recovered
chicks are unthrifty.

Prevention: A vaccine is available.

Egg Drop Syndrome
Synonyms: egg drop, egg drop syndrome 76, EDS-76

Species affected: The natural hosts for EDS virus are ducks
and geese, but EDS has become a major cause of reduced
egg production in chickens in many parts of the world. No
illness has been observed in ducks or geese. Chickens of all
ages and breeds are susceptible. The disease is most severe
in broiler-breeders and brown-egg layer strains.

Clinical signs: There are no reliable signs other than the ef-
fects on egg production and egg quality. Healthy-appearing
hens start laying thin-shelled and shell-less eggs. Once
established, the condition results in a failure to achieve egg
production targets. Transient diarrhea and dullness occur



prior to egg shell changes. Fertility and hatchability are not
affected (see Table 2).

Transmission: It is believed that the syndrome was first
introduced into chickens from contaminated vaccine. Verti-
cal transmission occurs from infected breeders to chicks.
Newly hatched chicks excrete the virus in the feces.

Treatment: There is no successful treatment. Induced
molting will restore egg production.

Prevention: Prevention involves a good biosecurity
program.

Infectious Tenosynovitis

Synonyms: viral arthritis, tenosynovitis, teno, reovirus
enteritis, reovirus septicemia, malabsorption syndrome,
helicopter disease

Species affected: turkeys and chickens

Clinical signs: Several serotypes of the reovirus have been
identified. Some localize in the joints (tenosynovitis) while
others target respiratory or intestinal tissues (septicemic
form) (see Table 2).

The principal sign of tenosynovitis is lameness with swell-
ing of the tendon sheaths of the shank and area extending
above the hock (see Table 2). Affected birds are lame, sit

on their hocks, and are reluctant to move. Rupture of the
tendon can occur in older roaster birds, resulting in perma-
nent lameness of the affected leg. If more than two joints
are affected, the entire carcass will be condemned.

Infection can also play a part in broiler stunting, the result
of malabsorption syndrome. In chicks, malabsorption

due to viral enteritis is called “helicopter disease” because
feathering is affected. Wing feathers protrude at various
angles. A reovirus is believed to play only a secondary role
in this syndrome.

In commercial layer flocks, increased mortality may be the
first sign of the septicemia form (see Table 2). Egg produc-
tion will decrease by about two to three times the mortality
rate. For example, a mortality rate of 5 percent will be
accompanied by a 10-15 percent drop in egg production.
In the septicemic form, joint involvement is present but less
pronounced. Affected birds become cyanotic (blue) and
dehydrated. The tips of the comb turn purplish. The entire
comb darkens as the disease progresses (see Table 2).
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Transmission: The infection spreads rapidly through
broiler flocks, but less rapidly in caged layers. Spread is by
respiratory and digestive tract routes. The virus is shed in
the feces.

Treatment: There is no satisfactory treatment available.
With hens, tetracycline, molasses, and oyster shell therapy
is helpful.

Prevention: A vaccine is available for use in endemic areas
or on endemic farms.

Nonrespiratory Bacterial Diseases
Fowl Cholera

Synonyms: avian pasteurellosis, cholera, avian hemorrhagic
septicemia

Species affected: Domestic fowl of all species (primarily
turkeys and chickens), game birds (especially pheasants
and ducks), cage birds, wild birds, and birds in zoological
collections and aviaries are susceptible.

Clinical signs: Fowl cholera usually strikes birds older
than 6 weeks of age. In acute outbreaks, dead birds may be
the first sign. Fever, reduced feed consumption, mucoid
discharge from the mouth, ruffled feathers, diarrhea, and
labored breathing may be seen. As the disease progresses
birds lose weight, become lame from joint infections, and
develop rattling noises from exudate in air passages. As
fowl cholera becomes chronic, chickens develop abscessed
wattles and swollen joints and foot pads. Caseous exudate
may form in the sinuses around the eyes. Turkeys may have
twisted necks (see Table 3).

Transmission: Multiple means of transmission have been
demonstrated. Flock additions, free-flying birds, infected
premises, predators, and rodents are all possibilities.

Treatment: A flock can be medicated with a sulfa drug (sul-
fonamides, especially sulfadimethoxine, sulfaquinonxalene,
sulfamethazine, and sulfaquinoxalene) or vaccinated, or
both, to stop mortality associated with an outbreak. It must
be noted, however, that sulfa drugs are not FDA approved
for use in pullets older than 14 weeks or for commercial
laying hens. Sulfa drugs leave residues in meat and eggs.
Antibiotics can be used, but require higher levels and long
term medication to stop the outbreak.

Prevention: On fowl cholera endemic farms, vaccination
is advisable. Do not vaccinate for fowl cholera unless you



have a problem on the farm. Rodent control is essential to
prevent future outbreaks.

Omphalitis

Synonyms: navel ill, mushy chick disease
Species affected: chickens

Clinical signs: Affected chicks may have external navel
infection, large unabsorbed yolk sacs, peritonitis with fetid
odor, exudates adhering to the navel, edema of the skin of
ventral body area, septicemia and dehydration (see Table 3).

Transmission: Infection occurs at the time of hatching or
shortly thereafter, before navels are healed. Chicks from
dirty hatching eggs or eggs with poor quality shells, or
newly hatched chicks placed in dirty holding boxes, are
most susceptible. Chicks removed prior to complete healing
of the navel due to improper temperature and/or humidity
are also more susceptible. Eggs that explode in the hatching
tray contaminate other eggs in the tray and increase the
incidence.

Treatment: There is no specific treatment for omphalitis.
Most affected birds die in the first few days of life. Unaf-
fected birds need no medication.

Prevention: Control is by prevention through effective
hatchery sanitation, hatchery procedures, breeder flock
surveillance, and proper preincubation handling of

eggs. Mushy chicks should be culled from the hatch and
destroyed. If chick mortality exceeds 3 percent, the breeder
flocks and egg handling and hatching procedures should be

reviewed.

Pullorum
Synonyms: bacillary white diarrhea, BWD

Species affected: Chickens and turkeys are most suscep-
tible, although other species of birds can become infected.
Pullorum has never been a problem in commercially grown
game birds such as pheasant, chukar partridge, and quail.
Infection in mammals is rare.

Clinical signs: Death of infected chicks or poults begins
at 5-7 days of age and peaks in another 4-5 days. Clinical
signs including huddling, droopiness, diarrhea, weakness,
pasted vent, gasping, and chalk-white feces, sometimes
stained with green bile. Affected birds are unthrifty and
stunted because they do not eat (see Table 3). Survivors
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become asymptomatic carriers with localized infection in
the ovary.

Transmission: Pullorum is spread primarily through the
egg, from hen to chick. It can spread further by contami-
nated incubators, hatchers, chick boxes, houses, equipment,
poultry by-product feedstuffs, and carrier birds.

Treatment: Treatment is for flock salvage only. Several
sulfonamides, antibiotics, and antibacterials are effective in
reducing mortality, but none eradicates the disease from the
flock. Pullorum eradication is required by law. Eradica-
tion requires destroying the entire flock.

Prevention: Pullorum outbreaks are handled, on an
eradication basis, by state/federal regulatory agencies.

As part of the National Poultry Improvement Program,
breeder replacement flocks are tested before onset of
production to assure pullorum-free status. This mandatory
law includes chickens, turkeys, show birds, waterfowl, game
birds, and guinea fowl. In Florida, a negative pullorum test
or certification that the bird originated from a pullorum-
free flock is required for admission for exhibit at shows and
fairs. Such requirements have been beneficial in locating
pullorum-infected flocks of hobby chickens.

Necrotic Enteritis
Synonyms: enterotoxemia, rot gut

Species affected: Rapidly growing young birds, espe-

cially chickens and turkeys 2-12 weeks of age, are most
susceptible. Necrotic enteritis is a disease associated with
domestication and is unlikely to threaten wild bird popula-
tions. Necrotic enteritis is primarily a disease of broilers,
roasters and turkeys. Ulcerative enteritis, on the other hand,
commonly affects pullets and quail.

Clinical signs: Initially there is a reduction in feed
consumption as well as dark, often blood-stained, feces.
Infected chickens will have diarrhea. Chronically affected
birds become emaciated. The bird, intestines, and feces emit
a fetid odor (see Table 3).

Transmission: Necrotic enteritis does not spread directly
from bird to bird. Bacteria are ingested along with infected
soil, feces, or other infected materials. The bacteria then
grow in the intestinal tract. Infection commonly occurs

in crowded flocks, immuno-suppressed flocks, and flocks
maintained in poor sanitary conditions.

Treatment: The clostridia bacteria involved in necrotic
enteritis is sensitive to the antibiotics bacitracin, neomycin,
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and tetracycline. However, antibiotics such as penicillin,
streptomycin, and novobiocin are also effective. Bacitracin
is the most commonly used drug for control of necrotic
enteritis. As with all drugs, legality and withdrawal time
requirements must be observed.

Prevention: Prevention should be directed toward sanita-
tion, husbandry, and management.

Ulcerative Enteritis
Synonyms: quail disease

Species affected: Captive quail are extremely susceptible
and must be maintained on wire-bottom pens or on pre-
ventive medications. Chickens, turkeys, partridges, grouse,
and other species are occasionally clinically affected.

Clinical signs: In quail, the disease is acute with high
mortality. In chickens, signs are less dramatic. Acute signs
are extreme depression and reduction in feed consumption.
Affected birds sit humped with eyes closed. Other signs
included emaciation, watery droppings streaked with
urates, and dull ruffled feathers (see Table 3). Accumulated
mortality will reach 50 percent if the flock is not treated.

Transmission: Birds become infected by direct contact with
carrier birds, infected droppings or contaminated pens,
feed and water. Bacteria are passed in the droppings of sick
and carrier birds. Infection can be spread mechanically on
shoes, feed bags, equipment, and from contamination by
rodents and pets.

Treatment: Bacitracin and neomycin can be used singly

or in combination. Other antibiotics and drugs such as
tetracyclines, penicillin, Lincomycin, and Virginomycin are
also effective. Consult a veterinarian for dose, route, and
duration of treatment.

Prevention: Ulcerative enteritis is difficult to prevent in
quail. When quail have access to their own droppings, this
disease commonly occurs. To eradicate, depopulate stock,
thoroughly clean and disinfect, and start over with young,
clean stock.

Botulism

Synonyms: limberneck, bulbar paralysis, western duck
sickness, alkali disease

Species affected: All fowl of any age, humans, and other

animals are highly susceptible. The turkey vulture is the
only animal host known to be resistant to the disease.
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Clinical signs: Botulism is a poisoning causing by eating
spoiled food containing a neurotoxin produced by the
bacterium Clostridium botulinum. Paralysis, the most com-
mon clinical sign, occurs within a few hours after poisoned
food is eaten. Pheasants with botulism remain alert, but
paralyzed. Legs and wings become paralyzed, then the neck
becomes limp. Neck feathers become loose in the follicle
and can be pulled easily (see Table 3).

If the amount eaten is lethal, prostration and death follow
in 12 to 24 hours. Death is a result of paralysis of respira-
tory muscles. Fowl affected by sublethal doses become dull
and sleepy.

Transmission: Botulism is common in wild ducks and is a
frequent killer of waterfowl because the organisms multiply
in dead fish and decaying vegetation along shorelines.

Decaying bird carcasses on poultry ranges, wet litter or
other organic matter, and fly maggots from decaying
substances may harbor botulism. There is no spread from
bird to bird.

Treatment: Remove spoiled feed or decaying matter. Flush
the flock with Epsom salts (1 Ib/1000 hens) in water or in
wet mash. It has been reported that potassium permanga-
nate (1:3000) in the drinking water is helpful. Affected birds
can be treated with botulism antitoxin injections.

Prevention: Incinerate or bury dead birds promptly. Do
not feed spoiled canned vegetables. Control flies. Replace
suspected feed.

Staphylococcus

Synonyms: staph infection, staph septicemia, staph arthri-
tis, bumblefoot

Species affected: All fowl, especially turkeys, chickens,
game birds, and waterfowl, are susceptible.

Clinical signs: Staphylococcal infections appear in three
forms—septicemia (acute), arthritic (chronic), and bumble-
foot. The septicemia form appears similar to fowl cholera
in that the birds are listless, without appetite, feverish, and
show pain during movement. Black rot may show up in
eggs (the organism is passed in the egg). Infected birds

pass fetid watery diarrhea. Many will have swollen joints
(arthritis) and production drops (see Table 3).

The arthritic form follows the acute form. Birds show
symptoms of lameness and breast blisters, as well as painful
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movement (see Table 3). Birds are reluctant to walk, prefer-
ring to sit rather than stand.

Bumblefoot is a localized chronic staph infection of the
foot, thought to be caused by puncture injuries. The bird
becomes lame from swollen foot pads (see Table 3).

Transmission: Staphylococcus aureus is soil-borne and
outbreaks in flocks often occur after storms when birds on
range drink from stagnant rain pools.

Treatment: Novobiocin (350 g/ton) can be given in the feed
for 5-7 days. Erythromycin and penicillin can be adminis-
tered in the water for 3-5 days or in the feed (200 g/ton) for
5 days. Other antibiotics and drugs are only occasionally
effective.

Prevention: Remove objects that cause injury. Isolate

chronically affected birds. Provide nutritionally balanced
feed.

Common Poultry Diseases
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Table 3. Possible clinical signs of nonrespiratory bacterial diseases of poultry.

Clinical signs Fowl Omphalitis  Pullorum  Necrotic  Ulcerative Botulism Staphylococcus
cholera enteritis  enteritis

Dead birds, no signs of disease
Fever

Reduced feed consumption
Discharge from mouth

Ruffled feathers

Labored breathing

Weight loss/stunted growth
Lameness

Swollen joints

Abscessed wattles

Swollen foot pads

X X X X X X X X X X X X
>
>

Twisted necks
Navel infection X
Dehydration X
Huddling of chicks

Droopiness

Diarrhea/pasted vent X

White feces

<X X X X
>
>

Blood in feces X

Paralysis X

Cyanotic

Foul odor X X

Common Poultry Diseases
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261l | &85 8|S &He06T QULDMIS (LIg.U|LD:

o QYMMEL: 62.5 ECeLMIfI &6l

o LJ&LDd 5.5 HMD (HMLDd)

o Qg QampLL: 4.2 &ymid, Q6L 1.4 SFMD Hewmeymma)
o  G&MgUILD: 189 LHIGLENAHFITLD (LOIK)

e SMELFIILD: 24.6 LD &)

e  @(mLDL: 0.8 LO.&.

o Q&efHuid 5.3 LAL.&.

e UmervOLIeN: 86.7 LOL.&.

e QUL I&WLD: 60.3 LOL.&).

e §I5HBMSLD: 0.6 LO.&.

o QampLULy: 162 LO.&.

o QgedlesNid: 13.4 e ECHTHIFTLD (6TLD.&. &)

o 6Ile6dT LOMMILD SFUITEHE MEBTIG63T: 220 6TLD.&).&3.
o GUTGeLL: 15.4 6TLD.&.&).
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(PL6mL &6 6m6UL_L LDI6aT&6M 6], LT, FF LoMMILD C& gy HiieumMI6sT CLAVLDTGLD.

WLemL QeueTemen LMHMILD LOEhF6IT &1 Q6ti(HLD L& S SH 60T 6U6LDT60T
S HMIMRISEN. €2(Ih (LPL6DL_UIN6DT 2630165018 Forlq Ul LIGHUNEIT FLOMIT 12.6% LTHLD S @LD.

S| 55178 @5 SH&BIT68T 2015-2020 2_60076) EULAIGTL (RGEVS6IT 19 QUILIGI LDMHMILD SDHS
CMULL QLIS UbHSEUT&HET HRIGEIT eUILIGI LDHMILD LITedlsn &Hem &L QUITMIS S
626UGI6UM(K BTEHLD 46-56 SJMLD UTHSHeng 2 L Qamerer Galau (b 6T6rm)

Ll &lenTSE6TD6 . Q&I SleujHerilent HTMTL HGeVMF&eriled 10-35% 06 GM&HS
Geucior(pLb.

2018 QYLD Y60011q.60, 62 (1 24 [MLLIEFIITETT (LPL6MLSH6T6L 2 I SHILDTE LTS S0 &S

Qameuntiq (HLLSTEHALD, (DLemL FTUN(RaUG QHW CHTUISE UGS 6T60TM)LD
Wlg6 Q&WIGT].

Q&S LTHS 6 €2 HeLEL CPELTHAYLD Q@ EGLOGCUTEI, SiFleL Hemmeymm
Q&ML GUTETM GEMMbHS ) CHTEEILLTET FomI&H6T AHEHS SHeTeiled QI SSHEVMLD.

(WL DL &6 61860601 HGELMIFIS6IT 2_earnen? QRhCs &600(RLI &S0 |

Q&I (LpLIL| &6

QG BESHST (LML UTEL &LOMT 4.2 SFMLD QSM(LPLIL 2 661, HeUMMIEL 1.4 LD
Bepmelmm). 2@ (WL L UT6L 2 etar QUkLLUTeLTeT Q&M(LPLIL| Hlenme DTS S €2 (b
&ment 2 60166 Q& HMHS U QABT(PLIL 6T6aTm)| BILICTITSET & (15 SIS 6STM 6D

Qg g Q&ML e Bufler Hergifl sGeomfleeatled 25-35% <48 Q&S Geustr(HLd,
Glogiid Hlemmelmm QaT(pLIL 10% SGLD GemmeUTs Q)(H &S Geuetn(BLD.

@5 601 CQILIT(H6T 62 (15 BHITEM6NTEHG 2,000 HGeLM&HEME 61(5& G186 CBTETEHLD 62 (16U
SFaULFLD 22 b Hemmenm QsmLpLemL 2 L Qsmerter Geuleu(hid.

6T6LEVIT Q&n@ﬂu&@m 2 & EHSHE CLOMFLOMETme S16L6V. QRICH Cloey|d Ml .
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@GSN -3 QST (PLIL LOI6LKIS 6T

WPLEML&6T CLo6y|LD QULDRIS 62CLO&IT -3 (PSHHWILDTE QL TEHCHTeromam&eromiiesils

SiLblevLd (DHA) ailge)l6D, QBT (LHLIL SILDIGLMRIGET. eLpemeuiles Q& webLm (R MHMID
LITJ6meU6mILI LITMTLOF &8 DHA 286 HM&).

QhS Q&ML SILOELRIGET 6TEuRewIL Hlenmbhe L6i&6Med LHl6eyLD

QuIrgleumssTenel. 6T FTUILINLTS6UTHEHSHE (DL ML MMM CLPEVEENG 6ULPMIS
(plgujib.

60 6UL_L_LOI60T Lg.

smeUL_L_LDI6IT Lo, 62(1h SISHUITeUFUI 2611 L F&F &I, LDMHMILD GHMDHS 66
LIV EEITLOTET SH6DELG| 2 DL WIS EFalq Ul 6TILDLISEH &S QULNIIGSHGLD. (LML &aM6L

QNN SHWITECE Qb sneuL_L A6 2 6o, GLosyID Hlev CaHMLAGer6 &eueorid
eLp6VLD emeL L LO6T Lg. eLpeVULD LIeVLILI(H& & LILI(h &l6oTm 6ot

2 L 60 Gl epaflufled QphEH CoHeneulIL(HLD CLI(HLDUITEVTSI 6m6L L LOI6 Lg. &3
R(HRISMEISHMDEG. Q(HULINHILD, LD&SEHEHS 26116 CLPELMRISEMEON(HHEI &Flev
sneUL_L_LOI6oT 1g. CHemeULILIBGHMSG).

@B BHSHSHT (LPLEMLUITEL &LOII 0.9 6TLD.&.83) 6m6UL_ L LOI6IT 1q. 2_6T6nd|, Qemel
ST HGILD LDEHE 61T &([H6X16D 2_6IT6rT6wl.

Q&L

QG bESHST LPLL UL QUTGHeUTS 162 A& Q&T(LPLIL| 2 6TeTHl. HLHG HTevHSl6v,
QILVIBITSHET QhS STITISH MBS (LPL ML &enerT 2 L Csmenalend &L (hUUBSHS
LfIbEI0T &S 60T

AU, (PLOL HSTUSGL @FW CHITU SILUMLSSHHGLD GenLuled 62(h
QB ML FmL Y TMUIEF TS &6001(H LIl &&Tl606meD .
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2 efTerest Q6001(H EUEDSHUITE GOMHG SILFHSH CST(PULLILTSLD (LDL) LoHMID 2 Wify

SILFHH QSMPULUILTSLD (HDL): QSM(LPLIL. “HELEV” 618 1g..6T6D CISM(LPLIL| “CISLL"
6T60.1q..6T60 QBT(LPLILTEHT SiaTemEUsH GMMULIGTES QST HMSI.

WL DL ST 2 L& TeTeug) 618 .1q..6T60 QHM(LHLILN6GT SieTemed SIS @GLD MHMILD
6T60.1q..6T6L CIHM(LHLILN6EHT SIaTEDEUS GEMMEGLD 6T60TMI CHTETMI M) .

Fa (BSOS, (LML &aN6L Henmeymm CSM(LPLIL GeDMEUTS 2 6Teng). Q)& 60T
allemaralns, Qr&HsSHS6L 2 enar QET(LPLLTET SieTe|safed Sieummie ST&HBLD

LO(HSGI6Y If SILITS LD&S &MMEY.

QsMLpLmLS GmMES Hev QUINEnS eULNISET WMenel? QRIGCSH SRl &&6aL0 .

&i(H& &L

€2(I5 U LIGLOMS FMLULILLITEV, (LPL6ML G6IT 2_6u0T6)T160
S, CITSSILILDITE Fo(hH6LMTEH @ (HSHGSLD.

€2 (15 LT H6VEV Y CITHHUIGHHMSTET HMECHTELTS 6TIHG 66U (TH
SevTlLILLL 2 60TeIleV|Ld 66D CIFeVISHGHIaend aTlL, LI6V6U6mSUIT6oT
&IJmeuT 2_6v0T6m6) 263016501 GoU6TOT(HILD.
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GCHMLH Glev6vor HWIMFILIL| 6
G&mLHI Gl6m6vur HIMTFILIL| S 61T

GCampl mmId CaMLH QUIT(HL &6 Lhlga LD SLNIH & CUTSH6oTmeoT.

TG, 2 MUSSITET&ET, Q&FWIe0&6T LMHMILD HISTCEUT HeVI&H&TEH CHTLH LMHMILD
GCam swmiluysener USLILGSSISH6D, UTGISTHSH60 MHMILD aNMLIEw 6T

Q&ieug QFTL U6 LNJF&emesiseT GMSHH 2 il H6U6Td Q&FaISHHLILL. Ceuetn(hLD.

@@ CamH ugUUGH S FIb Nflalle, epeuLICILIT(HL &6l

AU55LD, QDG &6, §6060 LDMHMILD HTELHET EIG.ETN6EL HLH6YHENTS C1& 6L E6ITM6IT .
GCamL &1 sL06safleL

D6V (5 & S60TEMLDILIETOT (DL 6ML &6, QMIhS & ([h&&6T LMHMILD CamL &ifl Hlemeowimm
GCaMA g, Hienel JILMIGLD. 915&

Slene) L6t Bi&gleaMsen HenL &&emmen. Qb

16061 HWIMHILILISE 6T QFUIOTHGeUGILD LwsiTU(h S GHIeuGID CaMLH o MU Sluiledt
allemeVen Ll GeMMLILIG| DL (HLDEVLEVITLDED

, ABHMILD Hl&&HEM6L FTHGLD LDHMILD LOTE: HUMLSMNS GDMEBGSLD. 62 (1 Gl
Coumev Qb HIe6unT HUIMFILILISE 6T QMG -2 60016, CHITLH G166 HUIMFILILI&6IT
2_auui6), CRML &Il &I6n6T HWITHILILS6NT 26016, (LML Q696D 2 65016, Si6LLLOI6OT
Q& SleL&aTS, 2_60(HS LMMILD CHTLA 6T(HEUTSH CIFIIOTHGOUSDSHTH

Q&L (BeiTeng) .

Garifl 2 b

§158 601 2_[JLD 2 61161 G| LD6LLD @6t CHTLOISEIT 62(Ih
LwleTU(RSHSLILGSH MG S0 2 [ GOILILITS 6T &6DMIhS

SHITEUT, 6MIHL_[TE260T . [1] S6M6ETISH G| O)I6VMIEG 2_[RIG6rTVID , QHleL &S
SI6116) EMIHL_JE60T, LITENVLITEN LOMMILD GCILIML L TEIULILD

2 616 . [2] F1&HS60T 2_JLD Hlev CHIMISGENED pelletized 69 (Th LIIeoTL(RSHS 217,
LMHMILD @b SWMHILIL Fa(hGH6eL LITervLIfery, QILITL L THILILD 6LV G|
OBHL 60T CFISSHLILILL G @ (HSH6VMLD. (3 CHITLY 6T(H ST 2_&H
GC&LOILILS HlemeLEMLDSET, Si6m CLPIq.UI LIGSUITIEL 6m6SH T G601
HTUSMGHG &&&HM6UHGHCSHTETOUHID SILMRIGLD, 6J6leurenileL GSleL
GO §5 58 S16116) 6nBHLJER60T 2 6TenHIFMIBIT . 41
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LA G&TLA 6T(HaTIEL 0.5% [5] (LD &6V 0.9% 6MIBL_[EREVT, [6] 0.4% [4] (LD GFH6L 0.5%
LITeroLIfery, s LoMmMILD 1.2% (LP&H6VL 1.7% CILITL_ L TEILD 2_6Teng)). [5] 62 (16
GaMLf THHCHTMID SLOM 8-11 LI6Y 65T (h'&61T 6T(IH6med 2_MLiG &
QFWISMSG). (6] QL 1q 60 FT6UT 2_[RIGEM6NT 2 (H6UTEHS CHMLH 6T(1H
Liw6oTLI(h & &H6VILD. [6]

QUT (KT & SLD

U &HETAHT (S

1986 LD 24,6001lq.6V, LN6OILIEmLI6TTENO16D 62 (1 (D &IHIEm6L Sy 1eUMI%Hem S
Sl 2 L Hi] @emmiseafled LimevLisr o mugHlenwt CoUG S S
LeLGaIM 2 JRIGEETL LILIGTL(H S HI6)SH 60T allemnerne]semner

UL &I . 11 g ule], CaHMLA L GG 2 gL LweTUGRdHSH UGS
eUNEHWLGEUTE) LM(H 2 7LD L (HLD 16-20-0 2.7 L (KD 66 WM(E 2-[JLd
LOMMILD 16-20-0 2_F, G&MLA 6T(1H LOMMILD 16-20-0 62(Ih HEVEMIEU HEVEME

2 _[Lb, LOMMILD 6THG 2 JHMGUILD LWIeTL(RSHSHTSH SL_(RLUUTL (B G(L. 11 UG
6T(IH6M6Y 62(Ih 2_JLOMS LOL- (HGLD LiIesTL(h & Gleudl HmbhSHS) 6T6oTMILD,
GamLf 61(Hemex 2 fms L (HGL LwleTU(h$&las Q6oL meug)
SDHSSTS Q[HSHGSLD 6T6TMID YUl (LDlg 6 QFWIGHGI. 7

LOT&QASHT (G

GamL 61(m e)l60T Gl @& ER6vT LIW6aTLIT (R &6T QI(HLDLSSHSHTS 6UITF 606uT6n LI
2 (H6UTEHSHSFa(HLD. 6JLIT6L 2014 @6V, H601GLMITesTIWIme 65T
61610G&MetuTI GL_ M6, CHITELLI 6T(IH6MEY BIG 60T ilg LILIEML U6
"QBMLIgul" G&ITEL. Ll 6MLDGITEUTLD, 6UTEFEM6uTemLLILI LIMHM

2 _61ean JeUTS ST LO(hH G eUbHS LSTTSHmens CGMLhg| LDmTeuL L
SIJFMRISSHT6L GCLOMCHTEN STLLLILLL §|. (]

g §LDLIY 2011 @60, HMMIFFHLPEL G(LD FOMIE & 060 GLofleombgl GSHML
sT(heYL 60T 2 JLOIL L eNeugmut hleomiseailed (bh&l By CleuaflCuimieug)
Q&&F158 flGL M6 DTS SieTened HHSFLILSTS

QUL MISHUIG). (9] ONFIGLTeNEL Q([BIHGHI S SLILIGUITEDT

umerougey eifl@Lmaned Qmihs LO6TUIL 6VRIS6T 60T HHSFILLSGS
URISNUUSTS G (LD eUeOWMISHIIG) . (9] 2015, SIS LIMLILIRLD (L6t
alleguild 2 smyuwimmm (PUMHESHaN6D, CLOFleLMH ] S, @M IbIJ DML Lq.65T
O'Malley €2 (15 LISl SL_ (LU (B LW6TUNL1g M@ "HILP&HE SLMH&em
aNeUFTUNG6T HHIGET HlevmhiGaNeL LILIGTL(RSS (LPIg.U|LD eTeaTm) GHMLA
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61(15 lemeneui|Ld SL_(HLLGSHUIG) o (hLD" éT6uT

606US &I. [10] Q(HLINEYILD, LN6TTEUIHLD Sy, @B IBIT 6V COnTE 60T
UgaNGUIMM LT6sTeuty LG 62(LOMRIG (LMD eXl6DTEUTS
BESEINL_LTT. [10]"FIFIWITETT Si61T6Y 6T(TH6M6US SHevtSHE(H6USMS
STeVMEUSIUITEST X1 (EhEHT6uT &(He" LIeTU(H S HLILI(H6UGCS [F60TS).".L
516869186 SMT6uILD. [10] CLOFlELTH S LIV &ML &SNS
eNepEpmensailLO(hH& (WPTCMANWLIULL S|, eNeusmuLl
LILIESTUIT (R & @5 5@ CHITL 61(1H 63T &FIFILLITET HETEM6LUS G615 S
leuFmuIG6T LHW (H(hHSHLILL L) &S HTHmGLI LeTU(BSHS
Geuetor(hLD. [10]

weflg HHUYQSHT(S

GComLAl 61(, €2 (I, W6vG &(HLY W (HHSH TS LU SHSLULMBEMG]. D606V
2013 @60, LNFIL 19610 Q& mevDLNWITaN6T HCUTL 6MV..GUMjIq.60, H&HJSH

Qg mhevmanI&eT afl_mMm &H&Semer SILLGHUNO(HHE &§HES 6 (I

Fa LT (LP&MLOI6L CHITL 6T(HemeULI LiLI6dTLI(H& Hl6uTl]. [11] UTHSSLILIL_L
il mmeurse Q&mg g @LoLiY LMMID Q&THS C&F5HsHmemest ML

2 flennGCaHMI6L ULNSHEGSHMENG GIFHTL MRS

SILL O L 6v1l). (11 UTEHSSULL L el MM L0&SaT6L 62(H6UIT HS&

Qg mplevmeny&eaiest &bHCITUTILIRIGMET " TNOQUIRISH6D6ITE

QEWIW 6(IH C&ITLAI LOeLLD eULP " 6T63TM)

QNUFG ST . (121 HIGUTL 6r0..CUMTIg.60T CLOWI(HLD LG LIETeNS & T5HE
B3 GLeomen(pLd Leorer] @b FLOLIILD GMIS &I LDeoTeofLIL

GCaL_L6v1. (11 11 @QH G euULHIUNGL CHMLAI 6T(TH ML LILIGTLI(H & &l61& M HIT6ut
B&Lp6) & @EpLD LNFIL1q.60 Q& TeDINWLITENED FFCT LbOHMILD CUTTL
Gamsaill_eomhled HaDbH& e, SieummleL Nhenduig)
"SIGUTLerv.-.GCumy(® FbLaSHDHGL MG HSLDHSHSI. [11]
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GCamHl UGLLI(H S G)IS6L 5o 6vor &WTHILIL S 6erfleor
GLo6vITeveT6mLD - QM (G & 6rfleor LiwtesTUm(h

Gaemfl usLLBHGID SWeMeL&ML @h SWMHLLTE @GS QuFlw Slenelled o MLGE
QEWwWLUGHTDET, @& 268D (PWAUGID  JUEIGCHTID  LHILEOIWET L ciTHemer
SIMLEAMG. Siened  QUEBLLTID  HNQGMET SSHMID /| SHOHMIFHLHE IHFLGSSHILD
SIUMILLTS LMD,  THSSUIUGHGTDET  SLevg  BeollglNed Q&ML LL(h&HeTmer.
QGUINID, Semel aNleLhG SelThiGET, L& @evevd QAHMAL, Sflliy &L GUun(, SienLo,
&E0ELLILEML LI, Qeulil &ML, &THS LIHMIGET (49 §5aIHWD F @y WOHMID 51 FHaHLD
AmG QenL), TNl GOMHS SHLL ML QUITIHL &6, GG Heveneauser, B 6lq.&L (H&60
QenLp&6T yAIeUMMEL L6 LeTUT(H&emens Qamesoi(hetensor. , 6w (Sl D&HGLD &6T6mLD
Q&ML GI), QIDMEID WOMID euTHETH QHMALSGET WOHMID Lwiuf HIOSHe0. erarGel,
Qn@smer  eueis FHLMTSH LWETUGRSSHIUSDHSTET  CQHTLAHIL LIMIGNET 2 (HeUT&HE
SeNlLwemss Calsu@id. Q& Camfl 2 musbHuimenyser, @miH L6t QHTLHCL&ET HMILD
GEONIFSHPNGG UweTeasEGD. Qg s (B @m@sener LG  LwsTUT(h el
OSIILIMILIEY GG LD.

(PSS 6UITIT 6D & G 6IT: QM@ &6 keratin LOSEHLD

&HVMEUSH6T QI6HuTL_flRI 2_JLD

SIMLP&LD

Camfl @n@&eT grrenonse|d LelITSe|D 2 eereal. Samel  CHMA-USLILGSSID
SLEMEVEAMNED €(h HIEMEUILI QUITHeTTE QU Senelled 2 MHUGHH QLB HeTmen, Q&)
2 UBLD (LP(PEUGILD YETHCHTMID LHIGLEOILIGHT SETSSTE L TSN ML MG (LS. .LUMS
MMID L6VIT, 2010). (WHIHS CaMPuNed, @m@& CHhilg TemLuied 5-7% QG&LD, @G 90% &GLD
SHBOM6T LTHRIGmeTS Cameuhereand, @Her (&AW Faml C&TLIq6r, (b BTJFFHH
MHMID HEOIWITS LTS (@ADL, 1996; rvGIeUL LT MHMILD LGV, 2010). @M@&GS&H6T SHLbLief
GumevGeu Q&L Iq.65T, yearmed GoHUFLL upLilene) Wsa D Quilwig), ghlarsied @enipsesor
QLD N&e|d HNWSTS QEHEHGD. Ul Sbuel SleLevg CFeLIGeTerY @emLp&emern
ol S5sMs 2 MEh&. QMEGLU ULRSafsr QuIhHy L& rHMUIENLDSSLILIL L
GOLIMIE 2I6D6VG| HTeU] LTSmgeT Cureim M 2 ulj &Mins SWmfliysenet e MM
QUUETE WMh (2011) QS HlaNSGeTang. QMESS6T Lew FrHHIDTET LUIETUT(HS6mes
QEmeuI(herenent, QeuImeL  CLHLOUMEYID, Senel  SLflesemeT  SISOMID /| &HMIFFHLH6L
Lr&UHSSHILD SILIMWLILOTS LOMMILD, 6Tif & &LILH E6tTm 60T AV BleoLiLyLiNeL
QST LUG&6TmSsT (WM 2011). eNeLRIG &6 Seueuhiser, Lsenn @evevd QFMLHleD, SiflLiL
SLGUUTEH, S0, SmELLILMLLIL, Qeulil &ML, &ST&HE WIHMIGET (49 §HaIHD b QenLp
OHMID 51 #HaBL QMG QL) QGTS SLL ML QUIT[HL &6, &G He0M6ISET, B
Q&L BHL YHweummMied  @QmE@G&eT  LWaTUGRSHLULGUSTE QY TTILFHUITOTTEHET
Qe leaNsGeTenen). QenLS6T, Hl6w (UG &G ST QST GI), NDMEID LOMHMILD
QTGS CHTLHGLSET MMID LWLy HFiysed (Smblerv, 1998; eolhfll., 1998; GL&IL, 2010).
61601Ge, GleuelGauml 2 608 (u6jhg LMMILD eUaT(HLD) CIUITIHETTSHTIRISELSSTE QMG Henern
s FHUMsL LWETUGSS CSTNOBIL LRISET 2 (HeUTSSUULE  HeoNUUUITTSSILL
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GCeuaniBd. @& CHMN 2 MHUSHuwimearjser, @mid LiieT] QHTLACLSET HMID &MHMIEFFLOVISHS
Lwee&GLD. Qg S B0 Qm@&seriler LwleTUT(h&snell UMM eNeUTHSEHME).6TH &L L
91606V G| HleoLILTLINED Q&ML LILLL &) (WITHI 2011). ON6LIRIG 66T S6UETTHISET, LIGisHLD @606V
QamPleL, Sfliy SLEUUTE, SH6MLD, SHeneLLILmLLIL, Qe &MU, &T&HG IMHMIGET (49
&5aiBLD Ly enLp LOHMILD 51 §§0IFLD QME QnLD), QVEGTS HLL MLOLIL QLIT(IHL &6, LD&GLD
SLEMEUGET, B  QSLEHO  HEweummMed Qm@GSeT  LWTURSSILBUSTS
SpUMUFSIITeISHeT QgHleNSGlenens]. QenLp&6T, 6N (G &G SH6TenD Q&ML Gi),
eNomeTd WMHMID aT&H6TSH QSTLACLSET WMHMID Lwiuj HFULSeL (STlerv, 1998; aioLhll, 1998;
GL L, 2010). 101G, CleueNGaum| 2 608 (EUATJHS LDMHMID EUET(HLD) CILIT(H EMTS TS Eh&&T60T
Qn@smer  euamiles FHWUMSL  LWELGSS  CQSTHAOMIL LUMIGHT 2 [HeumsSIuL B
SevlliLwemma sl Ceuaui(Bd. @& CaHMH 2 musHuwimerjser, @miH vwler] QS TLHCLHT
LOHMID &OMIFSHLLNIGES UWeTaNsGL. Qhs &L Gm) Qm@saisr LweLT@aements umm
aNeUTHSHME THSSLILL L. 3606V HleoLILTLINED QSTLL LU L & (WITHI 2011). 760! gerileor
FaueThIS6NT, L&nLD @6Levd QHTLAL, SIflLL SLGUUTEH, SH6MLD, SHEMeVLILIEMLLIL|, CleULILl STLIL,
SMHS WIMHMIGET (49 FFHaBHD WY Qe WLOHMID 51 §HaBHHL QNG Qo) QOGS
SLL6NWOLIL QUTHL &6, GG &Heveneusst, B gL (HEHeL YWHWeUDHML QMmES 6
LWTU(RSSLILGUSTS QY TMUFSILTETTSH6T QGG gleTenso]. QenLp&eln, Hi6utn (G LDSSLD
SH6oT6mLd QSHTEHIILGI), QNDTEUTLD LOMHMILD QUTHENTSH CQHTLHCLSET DHMILD L uiuiy BIFLILSH6L (Smiblery,
1998; eglhll_, 1998; GL &ML, 2010). eT6niGeu, GleucuGaIm 2 608 (QUMJhS LOMHMID 6UeT(HLD)
QUITBEMTHTIRISELSSHTET  QDGSHmeT 6UmNs FHLTSL LWTLUGSS CHTLH6COHIL LIhiS6T
2_(HUMESLIUL (B HefliuwlemasiuL. GColanpd. @& CaMl 2 mudHHuimeryser, @misH Liulery
QampleL&eT MWD  SFOMIFHPNIGS UweaalsGh. Qhs sy QMm@ saiet
Lwetur(hasnenl umml eNeurHsEmg.ugmn oft Qsmfled, Sifluy sLGUUTE, S,
SemeoLiLenL LI, Qeulil &MY, ST&G LIHMIGET (49 F5IFLD ] @ WOHMID 51 FHeIFHLD
Ame Q) QoGS SLLEMLL QUTIHL&ET, &G &eoameusel, B 6uq&L (H&H60
QenLp&er, FlwN (IDSHGLD 660D ST 6me), NDTEID WMMID QUTSHETSH CSTLHCLSHET
LMHMID Lty BIFLLged (Srblerv, 1998; eglhll, 1998; GLaL_, 2010). eTen1Ge, CleusGoum| 2 608
(uemjhs WLOMHMID  eueTBLD)  QUTHATHTIRSELSSTET  @DGSHmen  6U6NS  If SIITEL
LWETU(RSS QSMHELHIL LIKIGET 2 (HeUuTSSULL (B SeonliuwemseLuL. GCauci(hd. Qg G
o_musHimenjser, QmiS Lwlesy CQHTLHGLST WMHMID HMHMIFSHVIGES LisTeas@Gn. Qhs
sL B0y @m@Gseiet Lweturhssnenl UuHM eNeurséHmg.usamn aff QsmHed, SiFliLy
SLEUUTE, S, SHeneoLlilemL L, Qeulil &L, STHS IHMIGET (49 FHaIGLD L] QenLp
MHMID 51 FHBL QMG Q6nLp), QOGS SL LML CQUTHL &6, D&HGLD HeV6MEUS6, B
QIS (HHL QeNLNGET, HIEWN (IDEHGSLD H6TenD CHTEILmed), NDTEILD MM CUTSH6uTSH
Qg mplev&eT WMMID Lwilg BIFLLsed (smiblerv, 1998; elfll, 1998; CLaNL, 2010). 6rGel,
QeueuGoum| 2 608 (QUaTHS LOMMID eUeT(HLD) CUIT(HETTHTIRISESHSTT QDESHM6T 6N
FHwms LweU(hdS QSTALHIL LRIGET 2 (HeuTsSUIUL G FHeofiuwemesiuL. GeusuLb.
@z Coemfp o musHumerjser, QMG uvwery QFMHCLSET WOMID &HOHMIFFHLONVISES
LwereN&GL. Qbhg sSLEGmF @n@&seils LwsiuT(hEHsnerll umm  eNeurSé&Ams).Biy
QIS (HH6L QemLpGe, FHEwT (SIFH SGLD FH6oTenD CHMETuIL &), QNDTEILD DHMID LTSS
QFMPleL&eT WMMID Lwiuy BIFLLGed (Smiblerv, 1998; elfll, 1998; GL &L, 2010). eGel,
QeucuGaim| 2 608 (aaMh LOMHMID EUEN(HLD) QAUITIHATTSTIRISELSSHTET QMESSHEMET Cl6wN%
FHwrsl LWeTLGRSS QSTLALHIL LMIGET 2 (heurssiul (B SefluwemssiuL. Causm@L.
@3z GCoemh o musHwumerjser, @mF uUwery QFMHELSET WOMID  SFOHMIFHLOVISES
LwereN&GL. Qhg sSLEGmF @m@&seils LwsiuT(hEsnerll umm  eNeurSé&Hms).Biy
QIS (HSH6L QemLpGET, FHEw (SIFH LSS FH6TenD CSTEHuIL &), QNDTETLD DHMILD LTSS
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Qmplev&eT WMHMID Lwilg Bysed (smblerv, 1998; eolfll, 1998; GLalL, 2010). 1Ge,
QeuauGalm 2 608 (Qahd LMHMID QIeM(IHLD) CQAUTHATTSTIRISELSHSTET QMESSHMmen 6l6Ns
FHwrsl LeTLGRSS QSTLAHIL LMGET 2 (haumssUiUl (B SefluweamésiuL. Calsum@Lb.
Qg Coemp o musHwmerjser, QMG uLwery QFMHCLSET WOMID  &HOHMIFFHLONVISE
LwiesTaN&GLD. Qb SL-(heny Qm&seMst LiwesTUT(R&HeneanL LHM eNeUTSHESHMG|.

M 5 6efl6or LiWI6oT 8 61T

Henmervlg & 2 MU H

Nemmevigé SWmilifNed @m@&sen Lwieiu(hSSLLGSeiimer. Lenmervigd QUeti(B G (LHSSHeNMs
2_eitertent, QIHJGLOMIANGTTEVIgHEV LMHMID CHTCLOTCFL IqHI LeTTervigd. C1&FCLOMIeTTe VI &6
sTeuIQmT MHMID @uiHens eumeNedGhs SWMH&SIUGHADS. Qemel eNeneou|wljhs
CLPELLIQUT(HL &6, &G, Memmervigd  SWMHUUSMHSTET  LIHMIL  QUITIHET MWD
QF WL (MM SEHENETS STl MUl YIMLIFH QFeTmenend| (WMkI, 2011). QHIGLOMIemTervilg &6rdled
smpeomsdt, LTedstleSetr, Lmedlervlgifetr, LmedleNenenied GCenmemnyE LMOMID LIV 6UMSS6IT
SILMRIGLD. LI6L GIeV&HGSH6L (PL&ET (PG6L GEMLIT LITLI LML 196056 616N ST LILDLITHET 62601
HI&FGeuy HMID QASTHOLGHOD SWTFILILSmET HUIMHES emel LwisiL(hSSLILHE6Tmen.
Qg IGLMNenTervig H6nu°sh@ (b HaudHedl(hhe QmIS algaisdled &learliuhdd el
(SI606VE TEMLIETRIGET) CHeme, CLeID SeunHemm 2 GBS Wan@ Wk Wsn@Ld
2_(HEUTHSHEVMD (IEH&ESET QHNGESH0D QFTMEL L, 2011). WLMIUOLWD, QHTCLMAFL IqMH
NeMmavIg &GS6T 62(h (LPEOM SlgdTEHGSEeoiment, LGNEL Henera u®GsHs (WigUITg.CamL-
Am® sMiHhg QHIGLMNaTTervIg&Herv Hifled Hemevuwimsarene, HCH CHIHSleL eueiauTsnT @UIhEHT
LeBoTL&emen LDMOH&H6Tmen. CHFMUT LJHLD Si60D6LG LOTeFFSHHO([HHE SWMHEHELILELD
Menmervig &G&emen L. iemed HEUNFLNS 6leIQITETme, HLNSGSLILIGIMS 61S[&HHl6TmeT,
CoaId Heouteni(h&E HeLev THTLMLE Q& Teun(H6iTene (HHCLF&ESH6T CQHNGSH0 CQFTmEFL L,
2011). @MG-CQUOLUULL. NeMmervigd MM Lenmervlg&ensll CUTeuGel 6llg 6lMLO&SLILIL 6VITLD
LOHMID  uredlsTHleSstT  WOHMID  UTIATTINeSeT  (W.6TeMV.1q.6),  2009)  GUTETM
Nemmevig6G&Ep5HE S 5658 LuLSmens Csmauherarg. Q& CusCaBIn 060G
9158 auedlemid MWD WEGLD Heimend aN@GBUD Cauml 6hF LWETUTL IgMHGSLD (b
SesflGglaunmer QUTHOTTS HMLEME. QMG-CUDULL L Kearmevigsd MM Lenmervlg &HensLl
GumevGe 611q.eUMLDSSHLILIL 6D LOMMILD LITedlsTHeS6dr LoMmILD LTeANLIQFTLILNES6T (W.6T6rv.1..6],
2009) Gumstim LNeMMOVIEGSEFHES LDGHEID 2655 UMILSEDeTS CaTa(hererg. Qg
CusCagml  SIL6LG SHG 6uedlemd WOHMID WEGLD Hestend N@GLUD Coiml 6hE
LIWISTUML IgMGLD 625 SH6vNlSHHIULDMeT QUTHOTES SMEMH. QMG-QUMLILIL L TeTmervlq &
MM  Nenmevig&amsll  CUTeLGel  6MIGEUMDSSLILIL VMDD  DMHMID  LITedlsT&H606T  LoMHMILD
umeSILIQEmLILNeS6dr (W.6T610.19..67, 2009) GUIT6TTM LNEMTOVIG 5SS EH5E LOSELD 6258 LIGHILISH06TS
Qamsn(heengl. Q& CUSCHBIM LELG S1HS QUMD MMID D&HGD H6STeMLD 6([HLDLLD
Geum) 6ThG LILIEHTUML_1gD@GLD €2 (1H &H6vNlSHHIQILDMES QLT ETTS HMLDHMG|.

Lev euesNs UMenesT 2 MHUSHWTOTIHET WSS C&ILIg60T SligLliLsnLuleomss LN&edrgeMest
eueM&EAUNL UL Geenenry, Semey  QULGHTEOW  SjiglitemLulleomssr  Lenmmervlg &
LTEn6THEh&E SHOMIFHLNNIGS Heneowlmsn IMHHGSMET QINMIS LILIGTLIH SSLILIL 6OMLD,
LMD SWMLLSeNed (QU°LT MMID L6V, 2008). LITENESISEH&SSTEN 2 MHLISSLITENTS6T
QBTEMTSHEL6ITS @ SHSTEN 2 &HG CLoMELIGRI eMeuTsGMLILSemen Syomefliuged FFEHUL (B eTerTey.
AmE SWIHLLSET &G  LNMTaVISEG&HEMET 2 (HUTHGHEUSEM  CLPEVD  &HHMIEF & LPEL
Np&&ensnienl i&s 2 Gead, CLID QMGSHEF5HE C1F606)| GNMHS 6U6TNS LILIETLTL 6L
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QIMBIGLD. QLT LDHMILD LILI. (2008) €263TM] (LPSH6L BHGI 4680T(H&H6T eUMTUNCVMEST LOMMLIL L
BMELMIGANED HMFHSHIOUBLD (L (LYEMLOWITET LOSGLD L6 LITEDSIEHENET 2 (heUTSSHUIF]. 66
6he QULGCITEOW FamiGEHD @6LELMDED SUWIMHESUILGHHTMET, &HOHMIFHLLNIGES ShiG
aNemeaTal&sMned QUINMSWITEGe HmsheH, HETOD LUIGSLD MBHLJEREM6 LOCTIIISHES
Qugeurs QeuaNuN(HHemmen.cULp&SSHOMe  LNeMTevIqdh D6V LITMETHET &HTeveusmuilem
Blg&@LD, S4601M6L LOMIGLPME QFIUILI (PIGUITG. SGSLD LNenmervig & &M CHM(H LVen&a6T, LM
2 eMglemm Lenmevigd &M UMHMKIGET, QFeeINIL SJ6urg, (DL &6l MMID 2 66
CusGagim g &wieummlieid LwIeTUHSSLILGHME).

DML 2 HUSE)

2 u&le0, WeNGeiT Qe QUL FaumEL&HMET THTCSTETHMTET, HLH6SHMET SHHMICUS)
MMID  JUMENDNeT  &HHLOMeoT PMHMEOlesT CHemed. CaMH  USLULGSSIGHO6HT  Gl6mevor
aNemeTQUIT(HETTE QMG SHET CUTSHIOITSH HSMHMILD FEUTENEV (LpesTemeusSlement. Qbs @retur(
Ny&fenesis@p&GLD Fflwimer ey HLN6|&meT g MHMeL-2 UNJ THAUITG TS LIHMIQISTESLD.
GLmUSaNOBHE QB QHe HHMEL &STIUT 2 LOpemel 80% GMM&HEFa (D, ACH
Crrgdled Quilw siemeaNeomssr QULCHTeOlWSSHesT CHemeusmw! LOTHMID. LGCUIMeF6d 6T6TLIS
SMUSM ETEOICGILGET 2I6060F aNVRIG QBTPLLSMEOBHG CQUDLILLL Heoi &Fhi&Hed
Q&MY  Sifleomiseiler  GLOTGETT-SIEMEE  (TOVLJHMETES  QBTEIL.  6THEUTGATGLD
(--U@&LIT LoMMILD LI6VIJ., 2001). WemeurClL_ L ervGL L_endlev, LIGILIMe 6D 2 MLIGSSSHT6 (LD &65T6mLD
SABMIRIGET Gamum, Ggmend, &Gsrmeom WHMID UGSSH allens saubiml. @hg &euevlLl
LUmIG&emer Bl &MeudHHmG UWsTU(GSSHIG Fp&SESHDHGLD &HOHMIFHLNVIGGD FhiG
aNemeaTall&@Ld (6UMeullg 61V MMILD LIV, 2007).UGIWIMe&60 QFMLAL Siq.&oilq. 6THTOSTETERLD
WPSHHIW §lE&H60 LDEOIUTES MMILD 6JPTELOTE, 2 WITSH) HeU6T-Uh@ HenL LIUGTSLD. 6T601Ge,
LOMMHMI, 2 60016 SH6LEVMS, 66U LGS Hme Se(hLllgLILG (LEITEnIFlenid. 2 6016 SIL6eVTH
cpeumigened(bhg 2 ulifl THAUTGBLSmeT 2 MHUSHEH C&FUIeUSMSTT YIMLUEFS cpevd, QM
o qwie] LGWMe&ded 2 MUSHEE (5 HELVL SeUI-LUKEG (LGNS QUPHIGHDS 6T6Im)
e MiuL (Bemengl. CHMH @m@GS6T Ledleumstienel LOMHMID JITETong 2 eernel. @nG&
2 auie)] (ML Grm-smevey GQFLWINULL.  GCe&MA @m@&&en "UBESTaEme0  GFwIINLLL
Ganp&saNed®hal &SN, ANNGSUILLTS QMG N(PHSSHetn Ep HHFm&UTen
aleneneunsd o (HuNGL SWTHILIL" 66Im UOIWUMISSILGHDS. CoHMH @ME 2 6usnel
Gousemeuliug et eeoLd, 12% Q&mIpUY 2 6TaTl &5 NfHOSESSUUL(H LETU(RSSS8alq W
o uMfl eQUTBeMTE UFSLILGSSLULGHDS . LCWIMesFd 2 MUSHEES QMG 266 (b
BLONGMSESGHIW F6U6T-UREG CLPVSHMS QUPHIGHMS 6T6Tm Sesor MUl (heengl. GCamfl
AmE@&6T edlaumarenel MHMID 6PTeIong 2 eiamel. @M@ 2.6wi6] (maml Grm-smevevy
Qi L Gamfl @m@&sen "UREsTmen QFuwill L. CaMA&aNedl(bh& &HHLOme,
SANNGSILLTEH QDGSaN6 (WPdHHHHen Ep HAFmEWeT eNemateund 2 (HeUTGLD
SWMHLIL" 6T61m) eumIIIMISSILGEDG. CHMH @G 2 6wTsned GCausemelLliLGe LD, 12%
Qampuy 2 6 &s50  NHESESSULLE UwWeaTUhRSSHEEaquw 2 ulf  eflummenms
ugLILGSSLULGHDS.LCWIMesFd 2 MUGHEES QDG 2 e @ BNGEMSSGHIL Se6o-
LURIG CLP60&HMS QUPHIGHMEG 66T SHevor MILILILL (BeTengl. CHTA @M@GS6T LedlelTeuTenel
LOMHMILD FUTETLOTS 2_6T6nee. QMG 2 606 (el Crm-emevav QFLIWIILLL CaMH @M@ &)
"u@EQsmeme  QFwwbul L. CaMN&aNeOBhe &HSLWOmet, ANNMNGSIULTSH QMm@ Serilest
3(Ws5ssHHetT  Ep  HEEFmEulenr  alleweneuns 2 BTG  HWMHLLY  6T6Tm
UOIUMIGSLILGSHDG. CaMH QD@ 2 ummel GCaldsmealllger (Lpeod, 12% QamepLUy
2_6TeNML_&&LD Nf$QsESsLIUL G LWIETU(R S S SFalg W 2 _ufifl TRQUT(HeTTS
LUSILGSSILGHS!.
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2 LD LoMHMILD €L 3ilq. CLP6VS T M) & EMTTELI LILIGHTL(B & &l his 61T

QMm@ &My 15% Uissemndsd Qameierengl UmUUTGLTU ou Geomerv LOMMID LIELE., 1986)
MHMID LGHEHD QeLELRIGET MHMID HijFFEHefled QAgaurs QeuaNuNBD DBHLTER6ST 2 JLOMGL
LTRSS 21$& Hmet 2_eeng). Q@ LULNMID, QD& SN (bhg enbLJRRenest CleueNul(heusg
QLGleuns 2 [JLOM&L LWeTU(RSSUILGHD S (eN6LEOIILDED LOMMILD QBEL& 69T,
992). HEOLDIIDTESHND H&HEHS LTOGULMLL  MHMID I1q6rveL6MLIL  LNen6uuLiL|&eMed
&L_L6mLDOLIL| LOMMHMRISET Q&L (hemeres (GFm LbHMID CHeLE 6, 1996). QM@ &eMstr Hrmal
BrmmHUGLIY (Lp&6L 5 eumphisefed N Qeuafuiliqed 4x SIESHLIL JOHLLL G, S 60TT60 QILDG|EUTETT
Qeuefuiligesr 12 eumy &SweleugdHeng Carssalcvsnev. Hrmell BrmHuGLUUSGL MG
~umjomeLlgmamGLel @@ UTSSHL 2 6Ten SIDGETT & PEEHMmaT GMISE QenerliLg)
Am@ Cwgeurs CeueMuN(Bd usL&amen  GbLBGSFHaNevemev. QELUN@IW, CLdlvery
evlgClgsofl..umjLblerveL e pistoigomulj  BomdHuGLLs  (PHL 11 My  STeuLLGSHUNL N
QeueuiLsnL 9IH&HS S (C&mLI LoMHMID QBHELFEDT, 1996). efLIG T LOHMILD LGV (2012) CHTLA
A gne GCuileverv steroNuflesr LCHMLGL medllq.& ClFUIEOLITL Iq.63T CLACVLD S S161T6Y &H6MIHS
UTeSms 2ieaNSssms AMeNlsSs]. MPTKE. Qg RiGEmUN] CBTE GFTAORILUD Gmmbs
SbMHMEL Q&MEHITL LOMHMILD FHMIEF FHLO6V BL L.

Q&meT&He6iT QELWILULL. &iframeley WOHMID BIHORSTL LUNjHaNeT 2 MHUSSHUTNeL
QFWMENS Sllg CLPELEHFaMIGET CUTGHIEUTHL LWETLGSSLIL(HSH6Tmen (QbeLF 6T, 1998). 1L
QAUTEITS QFWIMHENS Sl CLHEVSGFaMIGEMET 2 (HaUTHGSL LWLGTLEGSSULGEMSI, 46016
GOMIFSHN0 OMID CFEE| SEUMELEEMET 6T(PLILIL|6TOTS (TTUTLF6T, 1993). @& LOMHM)
QILNIGMET 2 (HUTEHGSDETeT QYIMUFAUND alNemeathgleneng. CealsiCeum oleaneievmes
QMG QnLp&mes QSBTEHIL Sllq CLPVSFaMIGEET UG b QuleNed, &l WMHMILD
QuUemeLL. Sliq LILIEHL_UT6LMEIT Sllq. CLPELEHFaMIGHETEL QUETTSSLILIGLD STEUTHRIGET H6L60G| 30%
MG QoNEmaTs CQHTEIL SB-300 eINS Iilg CLPVSEaM| 0% QMG QeMLN&HMETS ClSHTevrL
Sy CPL&HFAMIHAND euaTf&ESLULGMSL CuTeGeal 2 0fHS WMHMID &HEHLD ETeMLMISH
Qa6 (hhSG (MD&ECHE, 2004). QMG QenLpseilert Sleme| 30% 8§ SmeuBLCUTS),
UL g L womitb Geury euanj&s GmmhaHl. 30% QM@ B CQSHTEIL. Iilg. CLHEVSFe M&6TIeL
QUATIESLILELD STEUTRISHT FhensLILGSSHEFalqLl GRS C&TILmel. 6T6TGe,30% QMG
Qepsmensd QBMEIL Slg.  CLPLSFaMIGATND STOUTHIGMET 6UaI&HSMD, &Il  Lgmest
BLOLSSSHETMDMUIS GOMSGSLD WLMMID  Silg  CPL&GFaMe 6L (KOS CFmealsd
GMDEGL. HFeramelav chL Slg CPVGFamIseilar @QUINNUIL ULSeled Q&
QenLpsemend CEILLIGE TN STEHSHMS TMUILD 6(H WUIOND, QMG QenLp CsmesorL
Sllg  cPeLSFamIGeileot @QuIMDINUIL uUeuLEeT 0% @nG @ SLEUUTLG  Slg
CPVGFaMIGEMN(BHE CamUBHEOTDET, PeTeL QrEsH Hener QLD WwmHMID B
UG MHGGD  HmeiT  WWHLULSET  EFsTameley LUNJEEFESE  UFHSIeNI&HSLILLL
QUG Eh&GT QhHSH6 (M&ECH HMID edaQor, 2007). MHM HIULLULL SHeneT @L LD
Ufh&INTSSILULL Slenenel ol HH&HLTE QBHSH, WML LFHSIMISGSIULL STHMm
Brouiul L gener QL Hmg el JHSLTsTTn6e &FLI-SiLgLo6L B m6usH[HEGLD SHM6oTsHemern
gmuhHHaNeveme. 611G, @M@ Q6emp 30% eum) allHHHSL &ifl WHMID QLTI Silq
CLPVGFaMIGEHL 6T  CLPVGFaMIET @UIMINUIL LIGITLSEmET  6THITDEMMUITS  LTHSSTLOED
LweTUGSGeomd. @GUINID, & wHMID UL QsmaiL 30% Qme@ Qenpseailed, @mid
Sllg. PV&EEM HLSGLCUTEH QNS Qenlp HTL(HSHL SieLeLg L (HEL JOUEHMEI. il
CpeL&GFam HevemaluileT Curg @m@& Qenpsaies ST (HHemen 2 (HauTdHGaISMETeT CLTSHG
llg. CPEVSFa M) HELLINMEG F&&HEVT6UTE).
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STELHML HEUGTLONS LW TG &S LD

Fauerr epeolIQUTHET QFeve &6 2 WNhHFHON L 6T, 6T6earGed LDedleumenT LOMMID  TerllFleL
SN 6&5Falqll  LIHM  UNSHmeTH GCHHeuUHL Jald AHGHSGleTeng (eeLL L,
2008). QM@ 2_6w16) 6T60TLIG| HEDTUNEL QIHSEGLD CHTLH QMG SHENTEL S,60T 62(Ih HI6M6TUT HUIMIFILILY
SAG. @& 115 °© (PpHEL 145 at C Geuliubleneouled Qeulil QFWILTESSHSHTEL (QT6uorL flfi-
QEHMeULESHSHIHL VLG &HHHSHIIL) &HHGHGSULGHDE, Q& UTSHeFILT, sneUFa V&6
MDD U6 HiGmemuNfleEener Q&meew GUTGIDMETSI. SWITHIOL @b 2 uNflledy WwmMILD
GMHMIFHLPL HFHFMISSHLHET QLEVNH (1 HQFLIGS LTH SWMHILL PGS (DL 6T,
2012). L8651 LOHMILD @MTeL 2 effefl L LLCoM euenSIITET N6VRIE QEThSEDHSHE M6VMIE
Sauemiseiled CaIlusmHEG Q& QMG 26wl LTHSTLIUTRIGTSGHAMS. FHWTS (WDIghESI,
Qeutiu Q&weLTsHsHD Lghisamend NG &GN&EDE, Q& eummen Q&HLomss s
CUBSHHHMSE).

QmG o el SHe LUTsHE 58 2 6Teng WOHMID NeLMIGS66T SelaiHSHmeTe LFHLd
MHMID HLOIGeTT SiblevmiGaflesr eLHEVLDTS CLI(HLD YPMMEMeVS Q&Me(heangl. @\ (hLINID,
Q5 GOOHS Slae] ASHWTUHW JHGCeTT iblehiGameTsd CETau(eTeaTd LMHMILD
Qeflrearsamg CLMELTSES QamanGerag. QFwensEs henecsmwseals wMMUTh GaTL
BAmE&s6eMed 2_6ten HLOCETT Sihlevmieilst QFFLMaTSHmS GMULTIL &8558 SleTalled LTHEEGLD
6160TM)| S UGTILILI(G S SLILL (R6T6Ng) (UDT6dT LDMHMILD LIMTF65T6r0, 1990, 1991; UMK LDMHMILD LIMT& 63T,
1997). @M@ o 6wie] HLLGH L FGHWITET C&BJTqeT PGS, @& CUTHaimes
HCOTL1qGuimedlig & 6T6TeMELDSOTTEL  (@VGQIL6UMESIT  OMMID L6V,  2010)  6Tafl&leL
EMGHSHLILILTHI, 60160 Q&M Cerrery (Qu60T-.6mUL LOMHMID LI6VIJ, 1998) Gumesim GO L
UTSRISEMTEL SMDLL  GMM&ESUILUL6OMD. Q&g Ceormedliqd QFUIeLUML6nL&  CSmeuor
Hissranuflsenmed @m@&efes HrmHUGLIL 6T6TLS SOHCUTE LwsTU(hSHSULGLD @uibLNuled
Geugluiiied (WemmeHEpLeim  UIANELCEUTEH @M@ o cwiedletr o6l L 855 LOSLenL
CbUGSSIUSMHSTET SUTFHSILONT WMHM (WMHMWITGLD (UTUGLTU ou Gevmervy MMILD
Lievy, 1986;676L6E0ILILDEN, 1991; GILITL& LOMMILD LIGVIJ, 2005). 6FVGIEUL6VMESIT LOMMILD LIGVI, (2010)
sTaIm  SIMeNS S & CLidleverv QEflay KB043 &MIUWIGFalqul LJHLD OMID Herveml evilest
GOUIL$565 QeueNuiliged &MY 78% QME&GF Samgeneu gOHUBSHWIS. CLdlsverv
evlgclgsofl..umjLblerv_eit Q@  Qemipseilest  miEmsmUNy  BITHUGLUN  QeuefuilenL
915&M55& (Cemi WHMID CQHeLF6T, 1996), HCH CHISHL LG msTIDMHMID L6VI. (2012)
Camfl @m@ e Guileveav stervlNuiles LGCHMLGLmedlq.& CFUIEOLIMLIq 63T CLHEVLD SHS 366
&MIhE LIHHme NaN$5s1s ANNGH5H. MPTK6. 616rGel, CLGeverv  sTerv.Ll 62(Ih
gnggwinmsn QsnmqGermediqéd Hifly PG, @& QNG Qempsafstt LTSl Henge6|sE
JOMS).

QMG 2 ue]seaug mamlGrmemevery GQFLIWINULL  GCaMH Qn@&G&er. @& LHsHead
QUITBSHSHLOMHMG| LOMHMILD SHTELHENL 2 6016 HaT60 Lilg.LiLiquITs: HNDUPSLILGSSLILL Ceuesun(BLd
LOMID @ BIMTEG @ HMLEG 0.45 (PGH6L 0.75 HGCeom 6UmMT UMIIIMISHSHLILIL
Geuani(BLd (Glevld MMID 6Ly, 1978). FYment SOCeoT SNeLD Fa(HhFHLTE QMG 2 60016
OHMID Q&S 2 cnelsit GFj&emns &6 LiflhgIen)&sLILEG & 6Tme.
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SILL6ueneunn 1: @M@ 2 cuieNlen 261l L §&68) &Hevsned HCLp S L ueneuiliL(héSLILL (BeTeng)|
(NRC, 1994).

AsHwmeudll OIGeTT iLblevmisefleht QY HMTIMHIGET GMILLTS D06 6Tem ailevmi(E
UJSmiseT Qurgieunsd gmeuy Ursmsamer el 2 wihgemeu. Higmueogseflso @m@
2 _ewredler L (HOWNSHS FymEfl QeusfluuemLwimer ileal HOGeTT blevld Q&FHFILOTEITLD
(GGG 0.563 94, GLD, HCH CHIHH6L MELHFEI 0.540 Y4 GLD (Hew, et al., 1997).8l6v 261" | F555)
Hyesen QEFFLTOTSMFUD aNeVME LJSHhiGHeisr 2l | F558 WSHLUMLIID GSOMESH
LHUNGH6TM6DT (UDTLOILL 63T, 2012). QH& HeUMTE LflFHeL LI6L 46001(H&EH&HE (DHMSUISI,
Corgme CFWeNSs [ILLUMKSGET WOMID 2 USTEhST eNeLhiGSHamsT SUIMILLSHenen
QIPRIG LWeTUGSSUIUL L. @Q@BUAID, UH QFWeLWemmaesT, GBS SHLULLL
2_LISJEuIhIGET LDMHMILD HOCeTT Sihlevid HemL LiLGed ChHILD, CalliLblenso MHMID CFUIOTEHS
WM& Y Aweummle ellemeneysen UMM S LflgHed gy &liiened aNlevmiE LJsmhigeriler
QaflrargfHed GOUTNL$5585 (WPeTCarmmmiGenen gmL(h S| eTeneT (QMTLOIeLL 6T, 2012).
QUG &SNS DOHMID GLULL &SHSHT heoL (hmm&aied Saimemm seuamm Hmhs
WpmmUed Qen6uuTLiLIG) 6T6iTLS MGG GOLL L Lfl§ed eMNevmi@ LIghiseiler el | &858
HLHL HSSFSGleTeng). 1984 (NGO GQeuaNUILLILL L FH&HeU6L&6T, SHHUITeuS SDCeorT
Sibleomgeaiet Q&flomerd, GOUUTS eneodler, SHCImGuimsnensdr, LG HUGLTLTET MHMILD
QS HCmeneierr, QemmES MMID 6TEVIDL] 2 _6wreled, GLoDLIL (Reeng) (mmLbleLL 68T, 2012).
QMG 2 w66 QCH CUTEHE QUTIHHSILD.

QFweonds GHIL (30 (PG 70 HILHIL D) WMHMID FHLUSD (50 (LPFHEL 70%) A UIIMMITEL
UTESSLILHUSTED, HOCET Siflev 2 eTen&&LD WHMID N-GHm Ljg QFFomsd wmmiD
QMG 2 cale &myHmet AN Sli6)| CFWILILLL L 6T, UTLUTGLTU ou Gevmey MMILD
Lievl (1986) @(HLIG GWIHD MVHMIGS 6THIDMMUITETS LOMID CILDGSHCUITED6TEN)ISHE
Crwemmuimerdl  66im)  QHFlaN$ss. FIUUSSHMSL QUTMIGHaum], SCITGUITE6OT6,
GEpL LG Sifleod WMHMID &&ET UJHHHMNEG CHHIWED GEUISHSET 6THIILOMMUITEITEnE.
BBLIYG GESHISGET SHaVLIMTIGE Sihlevld, Q&6 LMHMID HenenflgnIsH@ THILOMMUITEITENE,
Cogyild ~.6muesileveVEmeTT6 LIMMID CQULISET-CQFFmeT UigSHMnES (11.19.17) Chiywenm. ChiLD-
FIUUSLD QSTLILSE, Siheu&Sled 2 6man Hlervenl 6T LOMMID MBL 6N SHeDISHMedT LOMHMILD
MV LG 0)I5E FTHSLOIT6I 6263TMMGLD.

AmG 2 6wi6e) 6T60TLG SHELHSSTEN6L 2 6o st 2al” L Mugefed LwsTUGSSILGLD @b LTS
CLOELLIQUMT(HET (LENWISLD, 2010). UL BIEH'S6MN60, 6T 261" L MIG6T 3-7% @M@ 2 600T6M6US
Q&meutTg (HHGLD EUMSUTED 6UIGUMLDSSLILIL (RerTener. QM@ 2 6wialled 2 616M HFEFM LIHLD
Bers@ré® sad  Gramwr@n. Qouilamih, QeusuGaim Uie|&eiler  (LDlg.6) &6
QeucuGaum CHMHMMISMON(HHEH QMG 2 cales CQ&FFIOMeID WMHMID 261" L F&55G| LOSILILT6L
GO $565 CoumUT(h&em Q@bLILMSS GSMSHTMES (LTNUISLD, 2010). HMemed LOM(H&6,
AL (HEHGL 19861 DMHMID VI WITHE@pSHHTE Fo(hEHD LJHEF CF6|SHMS GMM&ES QDG
o_quismedll LileiTU(h&HSeomDd (Clevld MMID L6, 1978). @QBUINMID, SiHs Slemaied
GCayuUSHeL (LTS cpeudHett 40%) @& LiqliLiguinsg HMWWSLILGSSLIUL. Ceuau(pd. QTss
geol] SINGeTT ILDILMIGET &HTELHEML SafledT eueMIFHlemwld &L (HLULBSSHH6Tmer. QG
laTj&ESmWS L HLUUGSSID Feou] JNCETT JLHLMISETNET 6(h LGH6MII QILDMIS (LDIg.U|LD
(SQenmbero(hL  OHMILD L6V, 2000).(HLO6T 6TOVGCHI LrH WHMID Feou SHGeorm
Siblevmisailest HMhs PHMILTE QMG 2 6wie| 2 6meng. Q& CHHCWITameens eIl
P SHETMOUITE VL MISG URGaNGHDG (CHMUCGL &C&6T MMILD LI6VJ, 1990 &, L)
ServenLeor LMHMID QOGS CITemenTstT P& @retunigHGLD ¢(h 2L 60lied GCHemeu 2 6reng),
SLEUTITEL 62(Ih 26016 & CHemed QG HCWITeneuen &G L (HCLD 2 6Teg (QFuley LDMHMILD LIV,
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1973) eJGl6vT6vil6L HlrvemLement GILOSSHGILITEn6TT6IL Q([BHEI 62 (HMIKENETNES (LDl U|LD. TG,
@15 Q& FCUITen6T6vTl60T 62(Ih [HELEL CLHELSHGHIL 65T QeM6uuTh & LILi6tTL(H S SLILIL. Ceueiur(BLd.
Q6T QMTLIFETEN 6DLOUIS 6T Y TTUIFSUITETTEHET 2005 QYLD 6007lq.60 CHIMTLH 2 MLIGHuTNeL
SHOLQFIIWLLL L @M@&&6M60 LIGLQUSHSIITE LO(HhG| 6155 h&EN6NTE &6uoiL MhS6oT] (LMesTery
QMU&6Terv Q6L i .UMy 6T 60leulNeln ~NUYF&I], 2012). QG QYWUSHTETH)], 6JCl6THIMTL QM S
o sl QBHEH BHUPETOT  DBHHSEHLET  Falgll 2 6IESHaND 2 amTeueSGLD
aNRIGSHMLLOBHE QSTLIHE QUTHLSMET 2 L Q&TeTeugH6m VLD L6GT&HeT Qb
GHHSHMET  THTHEHFGL. QEUI@Ib, @nmE 266 2 MHusHHulled Qe [k
QEwepemm 2 uNFlLUTHSTILSSHeoTemmenl o mif QFleusmHanes @k Sohs
WmpWnG, ghemefled QFweLTsHS Heanevennder WMHMID CLCardg) GCEFLomiGemern
2 UHGIUGH WMMID MEUTErV&HET, UTHlFlLTESET WWOHMID NN  HETaDUNsEhsHE
2 MUSHHUNEL 2 UNFeUMPELD QUaTIOD FTHHOMM &ML 2 (HUTEGHMS (DML 6T,
2012). @l 2_cwie)|Ll UTGISMLsnL 2 MISOFIIG) 6NG LDMHMID NeLRIEG &6 g, CrTEHSILISmSLI
uUMGHISMES GCeuctoi(hd. QoL flfl cpeold eevmi@Gsanet SUMlLLSemen CFWIEVTE GG
SILOTEN 2 §HTUTHHHMHMS (PlgSSLULLL. SUMFLULSmeT H6(E1LIIG58 HMILSHSSLD.QMES
QRPRISOLEGLD QFTHNISEG HACCP FHILL RIS 2 (HeUTHG6ISHET LIV Q60 6L U
Wb, @& W QuerLfif QFweWmmWID WwHLEEH QFLWWD, FréHuinmer
QLWL MISEET SIEDLWITED STEVID, YUSHHISESMTEH S (HULGSSSHFalq Il CQFUIOLITL Iq 6D
W& uwLme Liemailseners &l Mibhg, Qhd C&FWEL(DMMEBMs &L (HLLIGSHIUSMDET6
HEnL (LPEDM&EEMENT 2 (HaUT&HE, Sifla|sHamer JPLILMS 6LELG AHSDHMIQIMS 2 M QFUIL|D
(@mmhlebL 681, 2012). LN6dT6oT[], eUPMISLILLL. SWIMHLUL eNeVMIG 261 L MG Sal (HeUSNHE
LITSISTLILITS @\(h&@SLD.

i LIwi65T 8 61T

Ifluy SLEUUTL 1960 @M@S6T SleuNgeT LWeTLGSSLIUL (BeTene. (55 QnE& QenLp
SITNGET 6U6TNS [FHIITS HOL&&5&Falqul G S GUUTL (R SHIewNseT (LNenFuleT LHmID
uevly, 2003) Gumestm LY, epefl LOHMID BT SLGHMLE &HEHH6tTment. SiflLimLS &EHLILS6D,
QnGS gleNsen LT FILULUSSHMSG AHSHSHHE0T DMHMID LOCTIETN6ST & ([h&HHSMEH
GOMEHE, Slened  euUTPIL hGefsT QeunMSIONeT &HMIFSHLNO LMIFTOLINMHESTET
ApSEWILDTET LSTIILSMTGLD. R6efs QsMLNeded, LM Hiewn g Camh QmeE Hmrsed
LweTURSSUILGEDS. @6t elleneneund gl HS Qpalens aIedammWIL|D, LD g
LJ6YSM6VS GmDLILMSGU|D QameuGereid, @& efs FHULSHNG & LTS STLmL
SIN&EME)| (5608 LDHMILD LIEVIT, 2006).

CumTL_Geveuoll.  HCIDETL., LOGWTEL OMMID FEMULIE &HeVEMEIU|L 60T NemeurbSLLL L. CHTLH
AMG&T QMG ULME&ET 2 MHUGHESG LWeTUGSSLILGE6Tmest  (QLoestmesorl_Gim, 2010).
6TEMLLLIMGD 5-10% ~6MLLUJ LOMID / SI6VVG FHMJ QDGSHM6TSH QST LILNSHS6I
QGCHCUMETM HlqD6dT LMMID L [JHS CHTETIL 66w O] QenL-FCIDETL. &60601628 61 L 65T
UL &8alqul  euedlenemWILD LIfme VTS SH6TmWmUILD ST Iq607. QM@ Sereir
AN&AFHLD 10% &@& G NHSHNGHHSHTL Levenssanstt alledmLil, QB&ALDE| 6uedlemD LDHMILD
uflorer  HeneuS SN GMMHHH. eueTbLd BThEHeled Gmmhs elenew il (b
FHLL RSN SLL 6L 6LV LIWETUT(HSEHHG --CUGTCUTTHSH6T QLIT(HESSLOM6T6me6
6T60TM)| 1162 &6 QG IFleN &S 6dTm 60T
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B &5HsMULEG Q@GS LWeaLGSSLULGEHaTDeT. Qsmhlogmn shel B WwHMID
Glgheny &556MEs CaMH QmEGsament LWsTURSSIUS H&HS6EIDNIS (ST WHMID Lev,
2004). @M@Semenll LweTUBHSE B &SHSHIIL HetTenDSH6T 2 6iT6res, 6JCl6T6rNled  Sl6Mme
gNIENLONS 2_6ierert, 315s Q(peNlend 6uedlenio, B HEIWITG SHeTenLo, UThH Siemeneome L1).61&
MHMID SLL6MLOLIL| &Hlq6TSHH6TenD PHIeUDMEL HemeLSHS6iTenID (ST MMID LGOI, 2004;
Gpmem 19 eom WMMID L6V, 2008). §ev &6l 2 CeuMBMIGET, HMMIGET WOHMID HEFES SFlD
CEILMISMET  SHMQUSDHSHTE CaMH @QnGamear ULWaTLGSSHINS  H(bLUS ST
(P16 &6 JEDL_HGHIETaNH| (S160-,CaQ LDMMILD LIGVI, 2003; &M OMMILD L6V, 2004; Gom&m
LOMMILD LIV, 2008).

QUTHGIGET MWD  UTHSHISET EAWHSGST, HAwm wOHMID REITIUTENEL  eummesT
QMG SEp5518 UaT&HSLILIHGSTME (JFILI6D, 2012). HEMEVILIENEIIISET LDMHMILD CLITT6m6US6me6r
BT &Ly 50% G HMILD QT SIS DMHMID eurggisefsi &FHWILTeT Qm@&efed 42%
LWeTU(RSSLLGHTMeN. @M@ SI&HeneT SIMH&HSED @M@GS6T LLsTL(hSSLUILG EesTmeur.
Qemau QUTBLSaMOBHG HIFOUI SSOHMID FTHETHRISHMET &HHHLD CFUIS 66T (-GS
LeVL[J&eT, 2001). LO&E HMHS, ClLoeTenLowlmes UMTLUSET QEmMhg eNLmgl, Heneowimss
DETEMHMS 2 (HeUTEHS CHUISHTEL Slemel CaleCumid eusny HIH  ig HSLLELD.
Heneowlmest LOTEMNISHMS 2 (HUTEHG6USH SHQUSLILD, JQsTT6TMTEL QMGSHaN6T C&FTHG Sl6meu
SIAeOWL 1968 meUSGEMDE. QDGS6M6T SLLDLOLIL SH6iTeND JHQUTSHEHSHS SHIE Liq&HGLD
Hoenest MNSGEMG. HIG&T FHWMHLUSDL Q@MGSeT LITUGSSLULGEOTM6. 2 WIJHI)
LeroL &6 §&CaMNseNstt @m@seailsot Qeualliynm SIH&GSHMNBHE QMESSHmenL
LIIETUGR S SISTMETT.2 L LMD SVRISTIHHMID QMG LeaVLJ&en LwleiL(hdsLILEG S estmet,
GLogyild 2 L LM &6U&H(Eh&E 6668 LW6TL(RSS LW6TL(HSS6e0MLD, 6Gleuelled @M@ el
(1 H631G GlULDTE eXlenerened 2 (heUTHG ST (QME L 6rvL [J&6IT, 2001).

Wlg & |en]

GCamp @m@&6 CaHMA-USLLGSHSID eneL&aNed (b HIEn6L QUITHeTS QUi eTailed
2 HuUGH QFELWINLGETDET, Q& 2 60&WD (P(PEUGHID SETHCHTMILD LOILEOILIET 86301860
L 63T&H606NT Sl6mLHM&G). CILI(HLOLITEYILD, SIM6) SHLH6YSHEM6T SSHMHMILD / &HMHMI&F &LP6L LOMELI(H S SHILD
SIUMWLILOTS LOMMILD, 6T & &LILE E6tTm 60T ETAVAV:| HleoliLgLed
QamLL U@ &ermest. @@LUINID, Sleme L6  LwsTUT(h&emend  C&meuu(heTernsst LOMHMILD
GMOIUNE  euen@pld  BIE&afed LweUBRSSLILEGSHLmeL. 6TenTGel,  ClaueauGalm 2 sl
QUIGeTTHMRIGANEL 2 6Tem LLGaIM UWETUTRSEHES UMM (LAY LIWI6TUTL 6Dl
cTeMaTEGUSMNG CQUTBSSWMeT  QFHMTHLMIL LRIGET 2 (HeuTsHSUIUL  Geusn(hid. @&
GOMIFFHHEOL IGUTLML S GmD&HGL, GCeMH 2 musHwimarjser, C&Fwedser, @mno
Qums L seafert HISTGCUTT HACWITIHES CUTIHETTSHITY HesTenloGHener GLOLIGSSHIH MG LMHMILD
Am@ Wiy Qamflevsefler euerjé&eniis Hesoi(hLd.
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Qurgleimen CaHMLH CHTLIGET  (Unit — 5)

lig. L&, Cg.10. CgésL, nmMILD 61.-L1L7. LDrg(j 2

GeUME GHITLIS 6T

GCam&eMein Geurg SemLOLIEHL (STHMILI LITEnS &6, HIOTUiFeD, STHMILI 6nLIGET)
LTSS &S Falq LI LI6L QUITSHI6UT6T LDOHMILD (LPSENLILDTEET CHITUISENT 2_61T6r6sT
(SILL6uemeunl 1 ©U LUMT&H&H6LD). CHITLN 6T60TLIG LD&HS6IT HRIGET LILIGTTLITL L MH&ITS
MEUSH S (HSHGSLD LMemeaUSHemneT GMISGHMSGI LDMMILD CLTGIeNTs G, eumeatGamLA,
QUM E, UTHGI, ST6nL, ~.QUEIIL, o, Seoiwim CamLpl, UL L et GCamLl, $65CsML,
F(P WMHMID FT Y EHILIEN6U L RIGLD. HiJeUTsHS 60T 66T HEMLOLIL|GET
SIS, QUTHIUTS S CHMN SILTHSL 60T, QH& CHTUISET 2_L_6vTIq LTS
LIy &\60TM60T.

GCamfl CUTs e

@55 Q&FTMHSHET : HEHS60 LTSH (LD63NS[JH6T60 &8 8601 LIT&HeneL 6T
GLOLUULDEL UISHFaL MG, o6vlE CHML CHTLHleM LTS SSTEI LDHMILD
CBIJLOMMITSEYLD), LI6TT 6316V, 6JNIEH 1g LIFFIUIT, LImemeu LIT&ery

UTE&SLILLL @ 6uThI&6T: CILI(BLDLITeVT6 CaHMLNG6T-CHTLASET, eUMETCEHTLSET,
~EILFEL_6M0, HTML, QUTSHGISH6, FIL_L TH 6T LDHMILD 6T60IHET-6TELEVIT 6UILIG)6uT (LD
UTHSSLILIL &Falg LLIETIEL.

LS Gl AMGMS6T : CHTLA LTGHerdlest @esun(h 61lg OMIGHET 2_6ITEIT6T. MU
6UIq QLD 2 WITSHFHLILIL TS, LD(H&S6IT GLITETTM LIGTITSHENTeL LITESSLILL TS LG SH&ere0
(BHEM6L, HTELGE, a6t GCLIT6ITMemE) eUMSLILI(ESSLILHEEME). LIS &M 2
QUMRISATNED GCUILOMGLD. GWILDENL UHME (LP6ITL eroCHL HSHMLILIL L TEL, EGLD
2_erenn GLMUFLIL LUFFWLITSELD QJHHLICUTEGL s0ILD

Q&G LD. CaHmLHLILGmsneTTUN6TT QLITSIOUTenT HNGSDSTGLD. CHMLHGHmET
@G, AsnHm WL mL 2 HusHulier Hemeowb sfleves GHUGHSNDS!
(SILL_6)6m60T 1 QLI LIMJ&H&6)LD).

FFJLOMTENT 616G EH6L eumuNeL LMMICHTUI GUITEITM LI6TIT&ET, GJELEUMENT, &[TV DT
LOMMILD CLP& TG ESLDMUI 2_6T6NT6DT. FFILDITE 6Mlq LD GLOEL STMHMILI LITEN S Hemend
&(HLILG6HT CLPEVLD Gi6UTES CHTaTTMISHEM6T JDOLI(HS S 680 (HLD. CHTLHSE 6 (1h
CrrsHHed SieLevGH Q6it(h UENSILITET CEHTLOILILIGTIENEIISHETTEL LITESHSLILIL 6VMLD.

LUJeYSH6L : UTHSSLILLL LoHMILD UTEHSSLILL &&alq Ul LIMEn6ISEH&HE QenL Guiimeo
GCrlg QST JL SI606VG)I C&HTEHSSETEL CSHMLH LTSV LI SHMGI. sneurerv Gsmesor


https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://edis.ifas.ufl.edu/&usg=ALkJrhianUGe03YIpM6Q4L5yeQMzaYTDyA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://edis.ifas.ufl.edu/&usg=ALkJrhianUGe03YIpM6Q4L5yeQMzaYTDyA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://edis.ifas.ufl.edu/ps044&usg=ALkJrhiXqmylFDvnh9AAY_d-cxAjzTzv7w#FOOTNOTE_2

erVGCHLISMETULD UTHSSUILL L LUMeneusailL LO(h Genms &l
ChMUSCSTHMISHSTEN PHTILONS CFIEOLIL 6VMLD. QHG meUTerv &6wur, CHTeL
SMLIMKIGET 9I6L6VG| HOUTEFS GLOMIL ULNIUITE QTHS el L SH6L HIMLOUICVMLD.
LMemeUS6T UMM QHS 6L L &L CHMLHI [h&F &L 60T 2_6wTeU6MLILIS T6L
Q&M&HSS6T LUTHSSLILIGSeTmen. Q&Te: 2 uN(H&G CHTHMICHTIITES QHLLSDEGS Hev
EM6ITMIS6NT 2_6iTerient. GHTLA 6T60D6MEVGEM6L CHMLAILI CUITEH 6T (LPH63T6mLD 5178 CHHELD
LOOMILD LFQICUM] CI&TEHSS6N. LIV eUMSBILITE C&T&HSHSH6T CHTLH GhHTemiL
Lyuy&ermet. CaML aih&eaned QLHLUTILD C&TESHS6 &6MNJ&HTew & gleL

@ @®LUSTEL, GaTJHTeVLD DOHMILD QUEFDHS HT6LHH 6T HIUSHSHEH6L Clelg LIL|G6IT
¢JMLIL6VILD.

HEHGME : HEGFME 618160LD L 65a1606m60. Q(HLNMID, CHMTLH CUTSHerv
UL L eralled Cngleuns Luje Hme). Q&ermed, QallgliLlamss &§(Hés &HLUILLA
Cur(Reug) FTHHUILLMIGLD. allfl-Ceull HHULLA (Lpemm CHMLHSEHSGSLD, 8
QUMTRISEh&GLD GCLDEVTES UTETCHTLAGEh&HE ST -GFH (PeMHMU|LD
Luwleru(h S SLULGS MG

SEUY : afhseafed L EUUEGSSUULL Camflseaned CamLl urgery GeulgLiLiemng
QBM&HSSHMENS C1&HTELEV CGEMLILIG6 cLpeVLD &L (HLLHLSSHe0MD. Q(HLINILD,
GamplLiLIeTuen 6t @LILIGEHUTCL STevuTLILL L M6L, &(HLILLE

LUfH&IEDTSSLUILGHME). 621 LstusnenuGeor 9160608 SILILGSHUNGeoT CHITI € (1h
Nyé&&emesniims MOTeNLLmed §GLULE CUTLTEF&6rT. CaMLAl GUms ey &HLILL ST
DML Fa(hH6L HHaINIHG L6160 -36 (M| CHML hengsatlen §HLILLE) L
UMJ$&6LD.

Bluy C&HerdleL CrhITLL

HuGCHerdleL CHmuiedt &b QGTOHM LMHMILD LIS T 61lq Q)LD
aNQervGITLGrmils (2_61T 2 MILILSHemend TEHGHMEGI) CleuGeomClgRes HiulCHendled
G, e).e.6T60r.1q., HeuF&F&LITenT Bl CaHerdledL GBI 160EVEI U, AL K CHerdleL
Gl 61637 SIML&HSLILGEDG. QHS CHrHHeL HQWFESTN6T CHMTLHGE CHTLHe06L
6)1.621).6T601.1g. @6LEMEV.

UTE &SI L @6Tmhi& 6l : [l CaHerdled GBITIL 6T6L6VIT QUUIS)6TTEnTIL|LD

UTHEHMGI. Lo6wN& &6 LMMID LM LITEYNTL 1 &@pLd Bl CHendlev
UTHSSLILRHETM6U. 3155 m&I @\6tThigere0, @G| 62 (5 CeL &6 CEUGILIL 60860
gOUGSSISDE

LD (HSGI6U AMGSM 6T : [l CaHerdledL CHTUNETT CLOETTM) 6LIq EUIMRIG6NT 2_6TTerT6ur-Gev FTeut

CrmMUSE LA (QesiTCL TCIR6wNS), GLOMest CHMUSE [HLA (LFCHTAR6MS) LHMILD
9158 CHMLSSH (LD (QeuGeoTRefs). Hul,Caerdled CrT Hlie Gy Ld (Sl



SIMNGSM&6TEL QUMSBLILIGSHSLILGHDSI, @S6L HIEHLPTL M6 FlLL|G6I

(G €p&EHeNIeL), HTAUNCO (HH& QeueNGIMILD B, 2 MLOLIL| &EUTEFLD (CLDF &S SH6MeL),
(P& e, USSUTSHLD, B(HEHSLD LHMID H(LNHMS (PMISGHSHEL (LSS HFLDL
LDGTITL 60 & H6oT FT-(HLIML_Lq.60T SiemLimenLd ). GChHMUSE (I LOGemeTL CUTMISHSH @mLIL| 10
(LPGH6L 80 FHAIGLD UM Q(HEHGLD. euIGIUHS (LPL6mLUN(HLD LMemeus6leD,
SINGM&6MeL Fevertid LYHMILD BT BISTEY GMMSEL OHMID (PLOL 2 HLGSHuUN6
WSS alpF& &6l SILRIGLD (SILL6U6m6u 1 KL LIMT&HS6LD).

LTeYS6v : Bl CHerdleL emeaFerv eumsiTaULdl LTemd auULfuITg GMmISIL GTTHSHMHS
SIHILILILILIL 6D 6L6V G| SIS SLOTET HITLEUN G, LIFTLOFILILITAT&EN, &6r60
QULDMIG BT &6, LIMTEDEULITETTEET, L UITHET, (LS 2 LISJEUTRIGEN, H6L6I FT&HEG &6,
SCPL&&6 LMHMILD ST (B LMeneUsen Y Hiieimmied

SINWSLILEGSSULL60MLD. Hlu] CaHerdleL smeaunerv (L L UL SIMILILILILIL 6VMLD,
2,601m6L Bl CHErOI6L LMTHSHUILL L &(1h & &6 &Ehd QUITHILILIGMDE (LD6ITL
@ms&st1ment. CHITlg. LMeneUSET6L, emeuTerv 2 L 60 SlJeUhiGe, &L, QeuefGuwmmLd
LOMHMILD &eUTESHHL HHSLLGHME.

HEHFmE : Bl CHerdleL CHMUSE GMILILLL SEFmEF 616D GeL6mev. @QT6UoILTLD
Hemev LMGleflT QAHTHMICHTILISEET (GOILILITS /7.C&Msm6V ) & (&S 3-5 BITL&EH5HGE
HissuTe(UNy TEHTUINS6T QHT(HSHSBLILIL6VIMLD . GEhGSHEHHS, 5 ° F ML STSHGLD
QeuLiLBhlenevsnil HSSHILILIG QLOLILISEMETS G6NMES 2§ 6LD.

SBUY : 5 HLLmsefled HHULEA (QeuaMui® M.e1erv -36, Him) CHTLH
LoTh6m & &efl6tT &(HLILLH), HELEV &SHTHMILD OMHMILD 621 ENFleumsst 2 uNF LITGISTLIL
HLLHMG QFWLLI(HESHEIHL & Wemer ) (1h& Coueiur(hLD.

AZMTHMI W ESSGSLML LM E

UTE&SLILL L Q6ThIS6NT : QMMM CLPFHEHGLOMI SIPMHE 6T60TLIS| CHTLHS6M60T
Grmi L GGw. @CHCUTsTD CHML CUTLEMEIL STemL&aTleL (HTEML (NG Gid &S LML
SIPMHE) JOLGEMSI, 2heumed Q& Ceuml smeureromed goLGEMS.

Db SGI6U JIMGSMS6T: ASHTHMI CLHEFFHSGSLPML HLPMHEUN6HT EENTLD LOHeM & UN6dT
QWG| LMHMID CHTQUISITLIL Blémev, &MHMIF & LP6L HlemevemLD&6T LyMMILD LM
CrmigeT @@bLUUSTL LUTHSSLILGH DS Heusvsild HMILD B HISF6Y GmDEMDGI.
LUTHSSUILLL CHTLNS6T He0JHGLD, &6uu&6lT LMHMILD HTHUNeO([BHS) Heniy
QeueNGumMILD, HmID @erd CaMN&aTN6L HMGI CLH& &S HemeL C&meui(h
2_MP&HGLD GOUTFLD Q(HHGSLD. UMeneUSH6T epU1CaI(h&GLDCUNTS| F6UTE && GG



@realev &6 S6UeN&HSUILGSHETME. (LPLmL 2 MLSHE IS SHE SieTalleL
GMMEMG). 2 MUSH 5 9606V 6 eUMTRISEMEL LB SLILIEBLD, Y 6TTED G6NMIHS
al§gsHlev. AHTOHMI CLHF&HSGLOMU JLPDHE emalFerv QeTLCLIHSHS LIMeng 2 L LIL
2 _L_60l6tT L6V fl&s&enen UTHSHMS| (SIL_L 6Uem6unl 1 KL LMT&H&HeLD). (PLnL &
Fa(h'&61 SI(H(PILT&HQLD, (PLenL_uller CleueTemanT HIMLOT&HLD OTMILD. .

LJeYS6v : QHTHMI CLEF&HSGSLOML JPMHH HGa|d QHTHM CHTLH CHM. Q)
STMHMI, F6U6T MLISET, LTESSLUILL L @mh LIMeneus6T, UTHESLILL L ei(h &6l
LMHMILD C&HTHIS GI6TITETN &6 CLOCVLD LITEYSMS). M6UF6erv (DL ML LITQYLD,
Q@UIID, UTHSSLILILL &([HSHS6T CILMTGHI6UTE & Ehd QLIMH&STE).

EHFmE : AHTHMI CPF&HSGLOMU JPDHHSHEG GOIUILL EHFmE 156D

@6L6m6v. 3-5 BITL_&(E15 5 HIsTEEIUNT TETLING6IT @F6vorL_mbd Hlemev Liméle fluim
QaTHMICHTISEmET 6THTHSIL CUTTL 2 GeLD. SINGMSET GEMMILILD 626mI]

ML STEGLD QUG CHMTASELHS enm ClaULILIBEmeVEnU 5 ° F 348
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LIS&H6UTHLD S1606VL S| 6u6dILIL JHLBHMS)
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OGS &6t CHTL eNDUMLIE eWICHTHI L 60T LHIGELD 628 S (HSH MG, ) 60TT6L
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DG &emen 6 5@ QL (HECFLID HiTéHGIeMNgeT HmID CeusiTL QLSS
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gOUGSSTE. meul_L LHeT-6160&HL_CmenevL. HiHFens 2 gallng QhsGLD. S1H&
316116 QL [JTen g &eMet1selT (L J6uurLI(h&H6sTm6uT, 67616uT68TI6L Si6med SHTELHUIGH MG
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ShUY : (1 §GULE auems if Hiins HeoL &HMG|.

ey 6T 6T 60T Q1 FLIG6LITEMLOEVIG. 670

®55 : STOHMICHTL HESSLD, .8,
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LD (55 G161 AMGSM&6T: SINGSMSHET CLITSHIUTS EUTLDSHMSUTET (LP&6L eUMTSHHEVILD
@6TuIL_Meug) LoMHMILD CLPESTMMEUS] eUMHISEhHSHenL_UTleL CHTeOTMILD. LITHSSLILILL
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LUJeYSH6L : smalferv GHMLITEL UTH &GS L CHTLHUNCON([HHS! & Eh&r UM (LPL DL
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UM SSLILLL @\6TMHISET : [Tlq.6T6r 606UTerOMST6oT @M SHUITEI L{T6L60 6015 61T
QUM GIS6IT LDMHMILD EUTHGHISHEIT, 616D 260516 LIV LIGHSafenid GCamhseailed
LML 2 MUSSH GEDMEUHMS g 676N 62 (1 (LPSHSHILI SITJEUUILOITS

LOMOULL6TTON). QUTSH HISH6T H6LELG) EUIMTH GISHSH6M6L 61HG CHTW|LD
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QNS&MIRIGeTNeL Qhg CHITLI LNSELD &(H6MLDUITEIS).

14
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&EUMEFLD QY WQIMemME SMeuureod. GHTU (LPTGCaTMILDGCLITS LMmeUSET 2 L 60
sTemL6m GemMEHEeTe6nt, CLOL(h CHMILISGCESTMHMISHEMed (Hh) CbTeuoNlg. 24, &HedTmen,
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&8 31H& sla16)] MMILD BT &mev LD HGISH6T CHemeuLILI(h & 6Tmer.

S®LULY : CHMTL STeLNT 2_6iTeer ] Linenemigerilev, &HLLLE Cum(heus)
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CHemeuse CUMLDGICUTESG CHTLASa M6 LIsDCELMILD-LITHSSLILIL L LDHEDSSH60)6r
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2 L' &My eX\(HLDLI&)63TM60T.
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UJeYGEV: erVGL.:LICETGCETS6rL 4 fliLierv LDGHIEHINTEL LITeYSM&| LOMHMILD
LOhemG HerileL Clelq LIL|&6T QILIHLOUMEYILD LjweL&Eh &G M@ gOU(BLD, LMenelser
Cami& HNGLD LDenLsd &aMhigeedl([hhl Glq SHHeTmer.

§&&Fene: CHTCEUMNGCWITHET (350 HIFITLD / L68T) 5-7 HITL_&HEH&HEG 291 L& HleL

Q&M &&60MLD. 6T HCHmEnLO &6 LMHMILD CILIETHEOI6T QY HIUMHENM 3-5 HITL&6IT

& 600160017160 6LV G| F6L6TTS Sl6L (200 KL / L63T) 5 HITL_S&(EH&HE HjeuH&H&e0Md. LM
HiTT@nIUINT sTHTUNGET LDMHMILD D (HHSHISHET S6UICUTE| DL (KGLD LILIEDI6TeS TS
@ (HSHGLD.

SEUY: sMUSMS JHLIRSHHID CLITIHL SHEM6T SIHMMELD. HT6TLIL L
LITSIILE @G 6TT6IT6T LM 6U&enen &6fenlolILi(h S SHIMIG6T. 261l | &&8§8) SFmest
E6UTTHMG ULDMIGS6L.

HXXXXXEXXKEXKIXHKXHKIHKIXHXKEKEKEKEXKIXHKIHKIXHIXHKEKEKEKEHKIXHKIXHIXHXKEKEXKEXKEXXXKXKXHXXEXXX XXX

Gampl Cumi HULLS

M SHLD

SEUL S epeold GrML &(HLIL eT6oTLS| 2 U LITSISTLLT6 62 (h
SIDFLDMGLD. MEUTENVGEET, NLDSECHTLNGTTEr VLD, LIl U, L €560 &,
LML GL TG meum LoMmmILD €L (H6uot6mi&elt - GHTEnL 2 (1 eUTHEGLD
o_ufNifleoTmiSenenT O&F HNWIGTS LNSL QUIFIWSTS eUmSLILI(HESSHEVITLD.
A& 2 UNFlETRIGET SMETTHGILD MeUTerV&6T G, SCLOTOSTLING G

S, GMT&HEOTM 6. LIm&le FIIT CHITUISCSTMMISE Hl6uTanIuiy TSNSl
epevld L (HULRSSLULH S 6TTMEIT, 6360 sneUery GGmTMHMIGHTILISEm 6T
6181765 &IL GUTTT(HeUSHDGS SIS LD (HHSHISHET HenL &H50T606m60, GG 6vTT6L
SHUL ST LweTU(h S SR HETM6T. smeufery GHITLISEm6Ts

SLGUUR GGG HFSHTHTILD OHMID 2 uNF umSHISTLL OHMID SELULE
eLpeuld HRLULMSL QUTMISSHGI. HHLLLE Lwsyieter HijaunssHmE
LOMMHMOTE Q6LEN6L. O(hGGI6U CHTmLS GemmLuHed §H UL S
LILIEDIETaTSHTSH Q) (HSHGSLD, 360160 GleuaflliLI(BLD LMeneugelT @6oTenILD
QaTOMISG e Chmi 2_ulflenmissner SlhddHda(HLD. 62(1h LOHenGUTeL
QMMM gOHLGUSNS (W6tTL HHLULE CUT(Reud LTHISTLULT6T HmIhHS
QULAILIMGLD.

SHRLUL FISH6T ), 60TIq LTI HEM6T 2_(Ih6UTEHS 62(Ih aleLMI&6T GHTCILISITLIL
Qurl(emmenuG Gesni(hLd CHTEHSLD CI&TEIIIL M6, Si6med
CrHMiSE (B LG QFWOLN&HSHEF QFILILD LMHMILD GODHSHLL & ShE
alenarells@Ld. &HLULLE 6T6TLG QHTHMI LMHMID CQGTHM] CHITLISET
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Qediq LILIGME 6TH T 62 (1 LIMTHISTLIL| HL6IG SHENSHUITGLD, GCLOGYILD
GCampsailen 2 MUSHSH o CIMTSEHUGHmG LUTHISTLILISI6L (PSS LIkIG

U SHEME.

SEULLAUNCL o4,60T19. Qe360T&H6IT (6]83)) sTEOTLILIGLD GMOILIN L 2 uNfluied
QUIT(IHL_&6TT 2_61T6rT68T. LIMEm6Y oy, 6071q.Cle360T € (h QleueMBITL(h 2L 60Ms
SIRIESHSSILL (B GO L 24,607lq.LIMIG.S6m6 (6]L7) 2 (T 6UITE (G 615 601
epeold USlevell&ESAMSI. 2 b eneunerv §EULLE e CHmUMD
Crmued®hE SUMSSLILGHDGI, & SiH& CHTCISITLIL| n6dFamery
2_(HeUTEGEHME!. HHLULLE Chlg 2160608 (I&HMELEVLILIL VML, @6uul(h
QUMSSHEBHLD eTHTNen6uT & ([HE6TM6T. (62(1H LUMle FllLT HLILLE 6T60TLIS)
LTS Le fWLIT& &6 6TeorLIL(RLD Uméle fluimelssr Ghlg. SieLeLG) CQFUIMmM
SWITHILILSET 94, @GLD).

Chlg HEUILLE:

GCrrlg HULLE Chlg em&GCHT (D&H6UTSHMENS C&Teun(heTendl. Ghilg
SHRLULF&H6T emalrery SieLev SLBRLUUMRSSHLILL L U165
BlémeLeMLDG6Tl6IT HLP LIGLEESILOTEIT 62 (15 LITGHISTLILITE 6m6UT6rv / Limdle flulm
Al Sy GLD, Sismeu CHMA CHTLI THFUIL F&HmL LTHSGSLD LOHMILD
S(henwlmen Crmenwl UGS STLO6L GHITII 6THITLIL F&HHMUIS
nesuBLd. Chylg &L &6 2_6Mearp(], ClFeLEYIEVNT LDMHMILD HEN&HE Fienel
GCrmlt a1 §8G 2 emafL (L (penLouwlmes ChHTQWISTLL] &&Hlemig
nevor(hHeoTment. GOILLLL émeuyery / Liméle FILITES6M 6T LIGGoTL&emerLl
QUTMIS S HRLIL WS QST [hG LUTHISMLIL| epLibl L ereled
QIlenIeUTEsTS| (5160 BITL_SH6IT (LP&6L €2(Ih EUIMILD 16MI)). GILI(LDLIT6VTEDT
Chrlg. &EUY A &Mt LTGISTLIL| (L (LD exemfLLmen] &LH&ES Blg &858,
GLogyIld eLp&S&LOMeT LOMIFTMLOLIL CHemeULILBE MG

Glq517, Q&MY S16bev G JCHTEeL CLITETM Cl6EER6TT LILIGTLIT(H&ENTeL
GCrrlg &HULE HiFau&ésiuLeomb. Ghlg. enelrerv &HLL &6
SlUMM6T 61600160 SN SN AHESH &S Cammervig 0 @6TLIGIL(HESLD
QFWI6TTM6T. CILIHLDLITeLT6ST GCHTLA & (B LI FI&6T 62(1h GhiTlg. eMeT6rv
QUMS. CIEHMELELLILL L H(HUL Hemw el @eard e lGeoGl siaimenmé
QSM(H&H&6VILD.

Q&TeLELLILIL L 16V60F) QFWevMHM &H UL, &:

QBTLEVLILIL L 916060 FUIINGSHE QFLILGLD &R UL Hsatlev
BTG E)(HLOIGET 2_6iTerTent, e CeugbluNiied If SIS CQF IS &S
QEWIIILIL (H6mersst, i6m6x CILIT(TH S SLOITEUT Gl SI6LEV S| FELEVITLDEL
2 _erTerent, Q&6uTTeL Semex CHITI 6THITLIL FHH6MUL 2 (HEUTEHGLD, 24,6016V
Crmenwl gOLIGSHSHCeUT Si606V G| LITLLGEUT @UIeVMS).
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GamLpl & B A&HET LT6oTa [HLOmM):

o LI 6T6ETGIFLIGELTEMLDE0NIG 61D

. Gamp Qrss Camems

o (WLéenL glaf Crmi&@&M 76 (EDS 76)
« Gamp smeonm

« Gamp Guméerv

o Q&MTHMI PEFHSGSLPML JLPHE
« QEaTOMI LUFFL GHITI
« QamoHmi Camilerom

« QFTOMI GTeLEUmET
. LGCrSHS6T GHITU
o HuGaHendleL Grpmil .

S Uy, Auller euwig), GLTeM LOMHMID LIMTNS:

2 _muggimeny LlbglenIsEGLd LITeng WMHMILD CLTerv LNeTUmMLILIL
Gouan(hLD. 65688 S\60T LD LIMemeemUl GLITEILDITEIT Si6rTey
UMHISTESTE]. &HLUILLAUND LMemaUUTN6IT e1UIG|, LOMIEFTEHLOLILTNGT &ifluimest
GCriL ChT eTHILUL &&55 U6t Hlemev, LD LDMHMILD HITEL 6606
LUTHEHMGI. &G LLLESET Bl &aLILL 60MLD:

a) QumHGmIJ:

QUOCOTT QULHIG6IT:

GCgmevlq

@6TL_[IT(Lp 61V G6VIT

@)6OTL_[JT60TF 6L

2 el

b) eumileufluins &HULE Glq B epeod eumiieufiinsg
QUMISLLEGEMS]. UMemeusafled (Lhenmulmest eumiiaildl &HUL &S
NedTex(HLD (LP6STO60TE &Il 56018861 6T(h & SLILIL. Geuevor(hLb:
QeuiLmen smrevhleneouiled §HULE CUT(ReUHMEG (L6ITL] 62 (I LO6TT
CriL HMILD GeMijhs srevhensouiied @yesu(h vt GHILD
LMEDEUSE55E BT eULPMISE6V HMISSIMIGHET.
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https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://www.business.qld.gov.au/industries/farms-fishing-forestry/agriculture/livestock/animal-welfare/pests-diseases-disorders/newcastle-disease&usg=ALkJrhgnr7sNzr5bxGbInPlPZvauM81BHQ

SGULE 56068 61hG B &HHSHLIL @eLeomned Cleumm) HeniLl
LILL6BTLI(H & Sl Rl S6TT.

91560 SR A CFTHGSLD (LP6TT FMISHLILILL LITEL LI 6MIJ &65u16uviifleL
56068 Geueiui(BLd. @& g 39/ Lit Heuuiennfifled &Hev&aLULL. Geuam(hd. Q&)
LB& (L eiter &mevillle &ifl6oT [HIEToTETmIUINT 6THITLILN6I Q&FWILLITL 60L&
85055, GO QI HIETTTDILIN Sb60Tiq CIQETSED 6N

2 MISIILESHHHMGI. €2 (5 6wt CHIGHMG6T Lmener 2 L C&TeTEhLD
216165 HBLULLE S1HGHMBUI 61T6) H6Hureuvifle &HeL&HSLILIL. Ceuei(hLD.
o_mugSlimenjles euULDl(PemmEsmeNLI LeTUMMELD.

&euerflliy eumerSGerageir &L Lb:

SEUL AU HTevmeuHeniid Fflumjés NME HLOLISLOTE BH6iTS

| SRS HESIULL eLpe0&HEH0N([HHEH &(HLILL A QIMHKISHELD, 6JGleuesiled

Sl6M6) UL HTEVLD GeMMEUTEH @ (HLILSHT6L Siemex LiulesTLi(h&HHLILIL
Geueiur(h'LD.

. HEULES6 2 ° (L FeL 8 ° Ig &ifl Cleulithismevuiiev CFLANGSLILIL. Ceresur(BLD .

Sleme 2_enmaIlLILTeT 2 mMhHIGCLTHGEUT 606V 8 ° C &G GLD6L
GCessLILUL GO sal Mgl . AHCH CeuliLblenevenill CUTSGaUTH S GCLITS)
Lgmf s Causn(hLD; 86V SULLIOV I6V6VGH| ReVGL QUMLL I C1&T6TuL
0 GO Qb CHTEESHDE GJOHMEI. GMIETS 6w QLI g U6t SLp
QUL g uN6vL LssaTem6wr C&LAILINGD CILIT(H&SHLOMESTS).

. UMeneUSal6 L6 (PSS HMS GMMSGSLD HIaTlett @&efme SrevdSlev

SRUL & GomesmerariuL. Geuswr(RLbd. 30 ° C &@& GLD6L

Qeuliubleney §HULLE HMmMenew LTEHSSHEMD. &(HLILLE SHeoLiLg)
QeuuNedleL QFILILISFaL TG, 6JCleuTeNed ChHITlg SHSTHET MM LHMHMILD
QFweoMm &R UL HHmaT UTHEHGLD. NHIGIITS STeudSleL &(HLILL &
&60h G| HILDEOI6L 6meUEHS Goueani(hLD. G @ralled meusssLLIBLD LNFlHGa
&60hG &(hLILLEGemenLl LeTL(h &S GeesurL_mib.

. 5L A& QeummMiL &L (Glq. By eupwImg HijeudsaLiLh &eotmen)

SMMHMIEL HM&ESLILHRLDCUTS| 188G LOME HTMHENM CI&HTETSH6V6816D
A (psHeaTmenT, 6T6erTGe @&IGUMETM & B SS6T F6vu1600TSl60T SLD
Hm&aUUL Ceusur(HLb.

. &(BLOIGHEmENS Q&TeLeL GL LI BT GGenmifledt 2L 60T H60&5LILIGE DS,

Gugid @hg Ky LU SULELCUTS QFuleomm Chilg. &(GLUILL Henuis
Q&TeLEYILD. HHBLILLAUNGHT CLITG| &6TuT6TfleL 2 616 Hi6M6uTSH G|

&:& S SFLILITENT&6m6rIL|LD g;aﬂljésas Ceueiui(hLd, @)& 6uTmeL gqgi)g,sma,u_l
genainns salljésealb 9iLeg LSTUGSSISNHE W6
§&FmaaNsseld. §GLUL GG cLpeTm) Lr,rrl_as@&,@ (y)mgum NesTemILDd
S,600Tlq LILIMIG & HlAFenFeniLl HMIHG Ceueuni(Ld. em606) emedrery &(HLL, &
&G &HHSFLILTETT&6T LMHMILD GCOnTfledn <y HIUMHMITEDL 2 L 60Tlq.UITE
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SNGSLILGEDGI. B 2 LSF6UhIS6T &§([HLOBTH6T GeLe0MDeL @\(h&H5
Geuevur(h'LD.

. GIBT eupwins HHUL A CUT(ReUSMS, HEVLILIGMHSTE [HIfl6 Siemea] aluig),
LMem6N elend LDMHMILD &HTevhlens y&Huleummil 6T LDTMILIHLD.

SRUY o edlemreuns 2 L Qamenalsn@ &RHUL S QasrGUusm@ 2-3
06N GBS SIMNG (L 6OT60T[T & 68016001601 &)(IHLOLILI GQILm Ceuetor(h'Lb.
HFeursSHMHG (L6t CleuliLinmen smevbhleneouilev 2 wewi GHILD MHMILD
G&NMHG SMevhlemevuey 2-4 LO6uTN CHIJLD UM HEN] SSMHMEYLD.
SMeTH G HHLLESEHLD H60hG Qesun(h 6wt CHISHHM G 2L Clsmeren
Geautni(hLD; V&L Lmeb Le L Galiugl §GULLE Sbujemen Fiq &@LD.
OheM &S Eh&HE &GLULE CUTHIW 66 euUPRhISLILIL. Caueii(hLD. &euureui
S(®OUL QUDLILIEGEUSHTED, SIEM6TTH S LIMEN6EUSEHLD &600160011 &lg.868
eU(HLD, 6T6aTG6Y LOMHEMGUINEIT FTGMT6uaT BITLILITE 65185 EHM G CHm6UIWIT6TTEN S
il SIHELTer Gl SMTITSESG SHBULEH aNHCUITHSS
SiHleMISSULEGHMSI.

. Lwignleem RS SILLausneuuieni 6l elening gl (&L SHIaUsN &
Grmi upmiw (W peoLowimeet SNy, e GMIULILL LGSUTeL QLS g)
BlemevemLd, GEhd LOMMILD &(HLUILESHSG @emLulleoment CIGML L] LDHMILD

W (pemwime S L LAIL6L ummiw Yilged CHeme. e ChMSS &HLULE
GuIrL_evmLom GeU6TUTLITLDIT 6T60TLIENG & SITLOM6OTIURIG6NT €2 (Ih LOIH6M&UT6L

2 6116 LIM6meU&ET Sihg GNOIINLL CHTILSEE o4, 6MT&H&Fe (hLD.

. 6w emeurerv GHMUSEh&@, euejLued) Grilg. &HLLLE eLpeoLd
SLTDINSSLLGH DT, LT60T60] 4-6 QUMTRIGELSHGL LNME CFWeOILN&ESTSH
LevLy sHULE (R 2MUSH FLHHESSTET LTHISTLML QILNRIGE DS

Qeumm&yLomeT &L, &SI aULNISTL Iy

10 BIL&EH&HG (5-7 BTL &6 Gemmeunest CHMNSSG &GHULEH GCuT(heus),
SmieuLdl CrM 6L §58) @eLevTs Hlemevuiled Fal_, FJTer S6LEVLE)
B985 CHITI THILIL F&SH MU 2_(HEUTHGLD 6T6TM) THITLITTES

W Ing). aNfleNlevé @ 6T6eTaTtledeTmTeD, LDMGN&Gey GhHMUSSTe &(hLILLE
QUTGIUTS ML & BTafled aUPRISLLGHDSI.

SEUL S ByaunssHnsmer eu&TL (h&6L:

. @alQem@m $GULAULD e(h GOILINLL Hijeurs HjainrssHn&ns

QI UMD SBLILIL (R6iTeng), 6T601Geu LflihGlenr&sLuL L eulflenwl L (HGLD
LIu160TLI(h & &I S61T.

. GrmUeUMUOUL L UMeneu&Eh&@ &GEUILLE CuML a6
(OMHRICHTLTE&Flg.6/0 S16L60G| CHMLH GCUTHE Cl6ll 55Hm& S SaTl).

. @Qeuliud omib Chlg. &Flul epeMuNed QwhH &G LILLASHemernLl

LTI SHTHS6)LD.
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d. QuepLbumeomen &(HLLLE&eT eump&leoTment, GHITLL 2_(heUTEHGLD (LD &HEUTSHET

6T60TG6U UMMM SHEUETTLOMS 6MSHUITETELD.

31 &G sueryLLIed

(LPFH6L 18 eUMhIGeTeL alemLiL| &L H&eaNetr CLIhLDLIGS
HTeuSS&ILEEME (euUaTJLIL SHLLLD) (P&HL GEh& CUMl&EGLD
WPL L &6T CFSHSHSILL (R (PL6mL 2 MHUSS &LpMHEUNT QmIS euemi)
Q&ML JH& Q(HSGSLCUTS| LTSHISTLL 2 & DL §H6L @\(1H&H8 Ceresur(hLd.
FTHTeILONg Hlev GHlg &HLL,H&afler (ND- il GCaerdled GBI, 1-
QBTOMI CLPFHSGSLOML HLPMHE) Q6@ R6T HTeUTHSGIL 60T

L GUUGRSSUUL L, suemiLiLeufle Lmenel §HULESS €2 [h
GODHFLILF GODHHLL FLOMS M6USSLILGLEMSI.
CoHTAGLTGUITHenu 6@ 61SHTmes &(RLLLS QLIHLDUITeVN6eT eUaTLILITNT]
SHHLULLE I L 62M60I5% Eh&HS 62 (15 QULNSSHLOMET Fo(hH60MGLD.

Lgmiev euemyLLeU
ymievry euerjritieuflesr &EULLA CHMLA HMID (PL DL 2 MHLIGSHenILIL]
LITGISMTLILSIEL (LPlg.ed6mLUITG). euemyLiLIelf&eTer GHT 6THILIL F&8)
amL §ev 2 eer LNgmevflest CHM THITLIL F&SUT6L CHIlg HTEHSEHMNS
JOUBSHAMGI. FHSSHUN6TIT / & Eh&SHEHHE LUMTHISTLIL| STIIQILH
QUMLILIL L &),60Tlq LITLq. (6TLD.1q-.6]) 6T6vTLILI(HLD LDEHIF 6T &(I eULPIUITS
LIOOULGEHDSI. 8Ll GOILLL 6TLD.1q..6] (LPSHL Qe (&L 3
QUMJRIGeTeL Mymieveny QGTOMICHTUNCN ([BHE LTHSTSHMSI, S5 60T
M@ ChIlg BLllg G UL S&ET HljeusHs s (h &lesTmeut.

GaMHl euaTILLQITSEh &G, HHULLE CUTRIGCUTE):
« Gahlius Hemeveninsen 2 L LIL. Geolilafled 2_earm aULfl(LPemm&Hemer
6TLIGUITGILD LNesTUMMELD
o Q&eveuLAILIL flEH&F ST LOMHMILD 26T &6m6rTLI LILIEHTLI(H & SRl &6lT
o LWeTURSSLILLTE HeM60TSHGH &(HLILLEGET, HiflEh& e HMILD
sar§lgemen &iflulment (LPemMUINL HNTSH& S 6 LD
. GaMf GuTerv sleLev g LOGTS&Sl6 61&.6).19. H(HLILLE eLpevLD
SRULLE CUTReUSMS (PO &F([HLOGHMS (LD H&HSLD Cl& L
GeueurLmibd, JGleTentled @& §GB'LULLE MaITenervd Cl&HTeLYILD.
SHULE HenLLUFHMES 2 MiG6T &(HLULLEH FLEMETIT 36060 HTELHEML
GSGQUFIL LD FHUMTSS|D. CHTLA nOWISH S0 &(HLILLE am&H ST,
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https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=http://www.poultryhub.org/health/health-management/vaccination/&usg=ALkJrhibN4Xmgglcqvskh7sg0JwWTBYqpA

H6ML (LP6MMSEIT LOMMILD 6M&SILITERSH6L LIMMIL Fa(h&6L
5HSHEUELG6IT 26660

VACCINATION SCHEDULE FOR POULTRY

SEULLE L L 66w 60018 61T

ChMUGSTHMIHS DG eTailgled LTSSHSLILELD CLTS)
SlIL_LeUemenr: 1. Ngmilevjdh@ (BROILER) VACCINATION SEDEDULE

DISEASE TYPE OF VACCINE AGE ROUTE
Fanikhet F1 or Lasota (booster) 2-6 day 30% day I'N or 'O, D/W
I.B.D Live attenuated vaccine Booster | 7-9% day 25-28 day 'O

IBV LA Massachusettus strain 3 weeks IO

SILLaU6neuor: 2. (WL emL GCEHMLHILILIGTITED) 60018 SHIT6uT

SEULE Sl Leuemeun (SI(HSHES6)
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https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=http://www.poultryhub.org/health/health-management/vaccination/&usg=ALkJrhibN4Xmgglcqvskh7sg0JwWTBYqpA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=http://www.poultryhub.org/health/health-management/vaccination/&usg=ALkJrhibN4Xmgglcqvskh7sg0JwWTBYqpA

DISEASE TYPE OF VACCINE AGE ROUTE DOSE
Ranikhet F1 or Lasota Lasota 2-6 day | I/'N or [/O,| 0.5ml
30% day D/W. 8/C
(Booster) B2B strain booster | 6-8 weeks
16 week
IBD Live attenuated (LA) booster | 18-21 day | I/'O or D'W
23-28day
Mareks disease HVT or IVBP 1-3 day s/C 0.2 ml
LBV LA Massachusettus  strain | 3 weeks | [/O
booster 14-16
weeks
Fowl Pox Live vaccine Bweeks I'M or wing | 0.2 ml
Deworming At 9% week | web
Fowl cholera Killed vaccine IVRI Above 6| SC 1.0ml
weelk
Infectious corvza | Imactivated srini vaccine 15-18 week | I'M 0.5 ml
Egg drope | Killed vaccine 15-18 week | I'M 0.5 ml
svndrome

(Note: I'N- Intra Nasal 1'O- Intra Ocular D/W- Drinking Water, I’ M-Intramuscular,5/C-

Subcutaneous)
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