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PREFACE

Dear Students,

It is with great pleasure that we present this practical manual, carefully
prepared in accordance with the B.Sc. Part II, Semester IV (NEP 2.0) Minor
Zoology Practical - 1V syllabus prescribed by Shivaji University, Kolhapur. This
book has been designed as a comprehensive and reliable companion to support
students in exploring the diverse and fascinating areas of Physiology,
Endocrinology, Histology, Economic Zoology, and Parasitology through
systematic practical work.

In keeping with the vision of the National Education Policy (NEP 2.0), the
syllabus places strong emphasis on experiential and skill-based learning.
Accordingly, this manual aims not only to reinforce theoretical concepts but
also to nurture essential scientific skills such as observation, analysis,
interpretation, and application of knowledge to real-life biological problems.

The content of this practical book is organized in a student-friendly
manner, with each exercise presented through clear objectives, step-by-step
procedures, suitable diagrams, and expected observations. Students are
encouraged to actively participate in practical sessions, maintain accuracy in
experimentation, and critically evaluate their results. Practical learning plays a
vital role in developing scientific temperament, logical thinking, and problem-
solving abilities.

We are confident that this manual will prove to be an invaluable resource
for understanding and mastering the fundamentals of Reproductive Biology
and Applied Entomology. We wish students a productive, insightful, and
enriching learning journey.

Best regards,

- Authors
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B. Sc. PART - II SEMESTER -1V (NEP 2.0)
MINOR ZOOLOGY PRACTICAL -1V

(Based on Physiology, Endocrinology, Histology, Economic Zoology, and Parasitology)

PRACTICAL: 60 Hrs. MARKS-50 (CREDITS: 02)

Unit I: Physiology and Endocrinology

A. Estimation of Haemoglobin percentage using Sahli’s Hemoglobinometer.
B. Determination of Bleeding time (own or provided blood sample)
C. Determination of Coagulation time (own or provided blood sample)
D. Microscopic Examination of Blood Smear
E. Peak expiratory flow rate
F. Study of vitamins: Water and fat soluble
G. Study of Endocrine Glands (Slides/Charts/Models)
e Pituitary gland
e Thyroid gland
e Adrenal gland

e Pancreas (Islets of Langerhans)

Unit II: Histology

A. Study of following Permanent Slide

Oesophagus
Stomach
Small intestine
Large intestine
Liver

Pancreas
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Unit III: Fisheries
A. Study of Economically Important Fishes
(Using preserved specimens/charts/models)
e Rohu (Labeo rohita)
e C(Catla (Catla catla)
e Mrigal (Cirrhinus mrigala)
e Tilapia (Oreochromis mossambicus)
B. Study of Economic importance of followings

(using preserved specimens/charts/models)

e Prawn
e Lobster
e Crab

e Sepia

e Mussel

C. Study of Fish Farm Design (Chart/Model)
e Structure and layout of fish pond:
e Hatchery, nursery, grow-out pond
e Water inlet/outlet, bunds, aerators
D. Fishing Crafts
e (@ill Net, Cast Net, Trawl Net, Long Lines, Seine Net, Drift Net, Purse Seines,

Unit IV: Goat Farming and Dairy Science
A. Study of Goat Breeds
Sirohi, Jamunapari, Osmanabadi, Boer, Beetal, Saanen
B. Study dairy products
Milk, Curd, Ghee, Paneer, Cheese, Khoa
Unit V: Parasitology
A. Ascaris
a. Morphology (Male, Female, Sexual dimorphism)
b. Life cycle

c. Parasitic adaptations

Study Tour: visit to any one Sea Shore or National Park, Sanctuary or Zoo to study animal
diversity. Submission of report during the practical examination. Duration for study tour may
be of 2 to 7 days.
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ESTIMATION OF HAEMOGLOBIN PERCENTAGE USING SAHLI’S
HEMOGLOBINOMETER

To estimate the haemoglobin concentration (percentage) in the given blood sample

using Sahli’s Hemoglobinometer.

Principle

Sahli’s method is based on the conversion of haemoglobin into acid haematin by the

action of 0.1 N hydrochloric acid (HCI). When blood is added to dilute HCI, haemoglobin

reacts to form brown-coloured acid haematin. This colour is then diluted with distilled water

until it matches the standard brown glass comparator. The haemoglobin concentration is

directly read from the calibrated graduated tube in g/dL (or %).

Requirements

Sahli’s Hemoglobinometer (comparator, graduated tube, pipette)
Sahli’s pipette (20 pL or 0.02 mL)

0.1 N Hydrochloric acid (N/10 HCI)

Distilled water

Sterile lancet

Cotton swab

Spirit / antiseptic solution

e Dropper
o Tissue paper
Procedure
1. Clean the fingertip with spirit and allow it to dry.

2. Prick the fingertip using a sterile lancet.
3.
4. Immediately transfer the blood into the Sahli’s graduated tube containing 0.1 N HCl

Draw blood up to the 0.02 mL mark in Sahli’s pipette, ensuring no air bubbles.

up to the 2 g% mark.

Mix gently and allow it to stand for 5-10 minutes for complete formation of acid
haematin.

Add distilled water drop by drop, mixing after each addition, until the colour matches
the standard comparator.

Read the haemoglobin value directly from the graduated scale on the tube.

Record the observation.
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Observation Table

Sr. No. | Volume of Blood Taken (mL) | Colour Matching Level (g/dL or %)

1

2

3

Calculation
The haemoglobin concentration is directly read from the calibrated Sahli’s tube.
(No mathematical calculation required)
Result
The haemoglobin percentage of the given blood sample was found to be

g/dL (or %).
Precautions

o Ensure accurate filling of the Sahli’s pipette without air bubbles.

e Colour matching should be done in natural daylight.

e (lean the pipette immediately after use.

e Avoid hemolysis of blood sample.
Normal Values

e Adult Male: 13-18 g/dLL

e Adult Female: 12-16 g/dLL
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DETERMINATION OF BLEEDING TIME
(OWN OR PROVIDED BLOOD SAMPLE)

To determine the bleeding time of the given subject by Duke’s method.

Principle

Bleeding time is the time interval between the puncture of a blood vessel and the

cessation of bleeding. It mainly reflects the platelet function, capillary integrity, and the

process of primary haemostasis. In Duke’s method, a standardized skin puncture is made and

the time taken for bleeding to stop is measured using a stopwatch.

Requirements

Sterile lancet

Stopwatch

Filter paper / blotting paper
Cotton swab

Spirit / antiseptic solution

Gloves

Procedure

1.

Clean the fingertip or ear lobe with spirit and allow it to dry.

2. Prick the fingertip or ear lobe with a sterile lancet.
3. Start the stopwatch immediately after puncture.
4. Gently blot the blood at 30-second intervals using filter paper, without squeezing the
site.
5. Continue blotting until no blood stain appears on the filter paper.
6. Stop the stopwatch and note the time taken for bleeding to stop.
7. Record the observation.
Observation

Duke's method
5 x 30 seconds = 150 sec
BT =2 min 30 sec
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Observation Table

Sr. Site of Prick Time of Time of Cessation of Bleeding Time
No. Puncture Bleeding (minutes)
1 Finger / Ear
lobe
2
Calculation
Bleeding Time = Time of cessation — Time of puncture
Result
The bleeding time of the given subject was found to be minutes.
Precautions

Do not squeeze or massage the puncture site.
Blot gently without touching the wound directly.
Use a sterile lancet for each subject.

Maintain proper aseptic conditions.

Normal Values

Duke’s Method: 2—5 minutes
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DETERMINATION OF COAGULATION TIME
(OWN OR PROVIDED BLOOD SAMPLE)

To determine the coagulation (clotting) time of the given blood sample by the

Capillary tube method.

Principle

Coagulation time is the time required for blood to clot after it is shed from the body. It

reflects the efficiency of the intrinsic pathway of blood coagulation and the availability of

clotting factors. In the capillary tube method, freshly drawn blood is collected in a capillary

tube and the time taken for the appearance of a fibrin thread is noted as the clotting time.

Requirements

Sterile lancet

Capillary tubes
Stopwatch

Cotton swab

Spirit / antiseptic solution

Gloves

Procedure

1.

A e R

Clean the fingertip with spirit and allow it to dry.

Prick the fingertip using a sterile lancet.

Start the stopwatch immediately.

Fill 2-3 capillary tubes with blood.

After 1 minute, break a small piece of the capillary tube every 30 seconds.
Observe for the formation of a fibrin thread between the broken ends.
Note the time at which the fibrin thread first appears.

Record the observation.

Capillary method

After the prick
blood will automatically
suck in the capillary

Break the capillary and
note the clot formation
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Observation Table

Sr.
No.

Time of
Prick

Time of Fibrin Thread

Appearance

Coagulation Time

(minutes)

1

2

3

Calculation

Result

Coagulation Time = Time of fibrin thread appearance — Time of prick

The coagulation (clotting) time of the given blood sample was found to be

minutes.

Precautions

Use clean and dry capillary tubes.

Avoid squeezing the finger excessively.

Perform the experiment at room temperature.

Start the stopwatch immediately after pricking.

Normal Values

Capillary Tube Method: 3—6 minutes
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MICROSCOPIC EXAMINATION OF BLOOD SMEAR

Microscopic examination of a blood smear is a fundamental technique in zoology and

veterinary science. It allows students to visually identify and differentiate various blood cells,

assess their morphology (shape and appearance), and detect abnormalities or parasitic

infections. This hands-on experience provides a deeper understanding of hematology beyond

numerical counts.

I. Introduction & Principle

Blood Smear (Blood Film): A thin layer of blood spread on a glass microscope slide,
which is then dried and stained to make the different blood components visible under a
microscope.

Purpose: The primary goals of examining a blood smear are:

o Differential White Blood Cell (WBC) Count: To determine the relative
percentages of the different types of leukocytes (neutrophils, lymphocytes,
monocytes, eosinophils, basophils). This "manual differential" is crucial as
automated analyzers may not always accurately distinguish abnormal cells or
provide complete morphological information.

o Red Blood Cell (RBC) Morphology: To evaluate the size, shape, color
(hemoglobin content), and inclusions of red blood cells. Abnormalities can indicate
various types of anemia or other red blood cell disorders.

o Platelet Estimation and Morphology: To estimate platelet numbers and observe
their size and aggregation.

o Detection of Blood Parasites: To identify and quantify blood-borne parasites
(e.g., Plasmodium species causing malaria, Trypanosoma, Babesia, microfilariae).
This is particularly important in zoology.

o Identification of Abnormal Cells: To detect immature or abnormal blood cells
(e.g., blast cells in leukemia, atypical lymphocytes) that automated counters might
not flag.

Staining Principle (Romanowsky Stains): Most blood smears are stained using

Romanowsky-type stains (e.g., Leishman's, Giemsa, Wright's stain). These stains

contain a mixture of methylene blue (a basic dye that stains acidic components, such as

DNA/RNA blue/purple) and eosin (an acidic dye that stains basic components, such as

hemoglobin and eosinophilic granules red/pink/orange). This differential staining

allows for clear visualization and distinction of cellular components.

o Fixation: Before staining, the blood smear is fixed (typically with methanol). This
rapidly denatures proteins, "fixes" the cells to the slide, and preserves their

morphology, preventing them from washing off during subsequent staining steps.



Bhumi Publishing, India

I1. Materials Required

1.
2.
3.

Clean, grease-free glass microscope slides: Essential for a good smear.
Spreader slide: A clean glass slide with a smooth, unbroken edge.
Blood sample
o Fresh capillary blood: Obtained from a finger prick (human) or suitable site in an
animal (e.g., ear vein in rabbit, tail vein in rat, wing vein in bird).
o Anticoagulated venous blood: Collected in an EDTA (purple top) tube. EDTA is
the preferred anticoagulant as it preserves cell morphology well.

Sterile lancet or needle: For pricking.

5. Cotton swabs and 70% ethanol/spirit: For antiseptic precautions.

6. Romanowsky stain (e.g., Leishman's stain, Giemsa stain, or Wright's stain):

7.
8.
9.

o Stain solution.

o Buffer solution (usually distilled water adjusted to a specific pH, e.g., pH 6.8).
Distilled water.
Microscope with oil immersion objective (100x).

Immersion oil.

10. Waste containers (biohazard, sharps).
11. Gloves.

I1I. Procedure: Preparation of a Blood Smear

1.

Cleaning Slides: Ensure the slides are perfectly clean and grease-free. You can wash
them with soap and water, rinse thoroughly with distilled water, and dry. Handle
slides by their edges to avoid fingerprints.

Obtaining Blood Sample

o Capillary Blood: Clean the puncture site with alcohol and let it dry. Prick the
area with a sterile lancet. Wipe away the first drop of blood.

o Venous Blood: If using EDTA blood, gently invert the tube several times to
ensure thorough mixing with the anticoagulant.

Placing the Blood Drop: Place a small drop of blood (about 2-3 mm in diameter)

approximately 1-2 cm from one end of a clean slide (the "specimen slide"). The size of

the drop is crucial — too large will result in a thick smear.

Spreading the Smear (Wedge Method)

o Take the spreader slide and place its edge on the specimen slide just in front of the
blood drop, holding it at an angle of 30-45 degrees (steeper angle for thicker
blood, shallower for thinner blood).

o Pull the spreader slide backwards until its edge just touches the blood drop. The
blood will spread along the entire edge of the spreader slide by capillary action.

10
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o Once the blood has spread, push the spreader slide forward smoothly and rapidly
in one continuous motion, maintaining the angle and light pressure, until the blood
runs out and the spreader leaves the slide.

o Aim for an ideal smear: It should be about 2/3 to 3/4 the length of the slide, have
a smooth, even thickness, and end in a thin, "feathered edge." It should not touch
the side edges of the slide.

Drying the Smear: Allow the smear to air dry completely by waving it gently in the

air. This is crucial for proper staining. Do not blow on it, as this can introduce

contaminants or red blood cell artifacts. Protect from dust.

Labeling: Once dry, label the frosted end of the slide (if available) with relevant

information (e.g., animal ID, date, species).

IV. Procedure: Staining the Blood Smear (Using Leishman's Stain as an example)

1.

Fixation: Place the dried blood smear on a level staining rack. Flood the slide
completely with undiluted Leishman's stain.
o Let it stand for 1-2 minutes. This step fixes the cells.
Dilution & Staining: After the fixation time, add double the volume of distilled water
(or buffer solution) to the stain on the slide. Gently mix the stain and water by tilting
the slide or blowing gently on the surface until a metallic green scum (sheen) appears.
o Let this mixture stand for 8-10 minutes. This is the differential staining phase.
(Adjust time based on stain batch and desired intensity).
Washing: Gently pour off the stain mixture. Wash the slide thoroughly but gently
with a continuous stream of distilled water (or buffer) until the film appears pinkish-
purple and the metallic scum is washed away. Do not let water directly hit the smear
as it can dislodge cells.
Drying: Stand the slide upright in a drying rack or blot it very gently with filter paper
(do not blot over the smear itself). Allow it to air dry completely.

V. Procedure: Microscopic Examination

1.

Initial Scan (Low Power - 10x or 40x)

o Place a drop of immersion oil on the feathered edge (thin area) of the dried,
stained smear.

o Begin by scanning the smear under lower magnification (10x or 40x objective) to
get an overall impression of the quality of the smear, distribution of cells, and to
locate the "monolayer" or optimal viewing area. This is the area where red blood
cells are just touching or slightly overlapping, not clumped or widely dispersed.

o Note any obvious abnormalities, such as large cell clumps, rouleaux formation

(RBC:s stacking like coins), or agglutination (irregular clumping of RBCs).

11
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Immersion Examination (100x Objective)

Switch to the 100x oil immersion objective. Place a drop of immersion oil directly
on the smear over the area you wish to examine. Lower the objective into the oil
until it makes contact with the oil.

Focus carefully. You will now be able to see individual blood cells in detail.
Systematic Scan: Move the slide systematically across the monolayer area (e.g., in
a serpentine or battlement pattern) to examine different fields and ensure a

representative sample of cells is observed.

3. Cell Identification and Morphology

o

o

Platelet
o' 200 © °
Band _Q. °3 t —Eosinophil
O
Oo
Plasma " C? 6 9 ? Neutrophil

Lymphocyte S ’
FO Q OO o o O’ Basophil

Monocyte —>. o ‘O oiom~ RBC

Red Blood Cells (Erythrocytes)

Size: Normal (normocytic), smaller (microcytic), larger (macrocytic).

Color: Normal (normochromic, with central pallor), paler (hypochromic),
darker (hyperchromic, rare).
Shape (Poikilocytosis): Normal (biconcave disc), or abnormal shapes like
sickle cells, target cells, spherocytes, schistocytes (fragments), acanthocytes,
echinocytes, etc. (Relevant for diagnosing anemias).
Inclusions: Howell-Jolly bodies, Heinz bodies (require special stains),
basophilic stippling, blood parasites.
Arrangement: Rouleaux formation, agglutination.

White Blood Cells (Leukocytes) - Differential Count
Identify and count at least 100-200 WBC:s in the optimal area to determine their
relative percentages.
Neutrophils: Segmented nucleus (2-5 lobes), pale pink/lilac granules. Primary
phagocytes.
Lymphocytes: Large, round nucleus, scanty blue cytoplasm. Involved in

adaptive immunity.

12
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= Monocytes: Large, kidney-bean-shaped or lobulated nucleus, abundant
grayish-blue cytoplasm, often vacuolated. Phagocytic, differentiate into
macrophages.
» Eosinophils: Bilobed nucleus, prominent red/orange granules. Involved in
allergic reactions and parasitic infections.
= Basophils: Lobulated nucleus often obscured by large, dark purple/black
granules. Involved in allergic reactions, releasing histamine.
= Note: Also look for immature forms (bands, myelocytes, blasts) or abnormal
cells.
o Platelets (Thrombocytes)
= Number: Estimate the approximate number per high-power field (HPF). (e.g.,
8-20 platelets/HPF generally indicates adequate numbers, but this varies by
species). Look for clumping.
= Morphology: Normal size, large platelets, giant platelets, mega thrombocytes.
4. Reporting Findings: Record your observations systematically, including percentages
of different WBCs, any morphological abnormalities of RBCs, WBCs, or platelets,
and the presence of any parasites or other unusual findings.
Microscopic examination of a blood smear is a cornerstone of practical in
hematology and provides invaluable visual data that complements quantitative blood

tests. It develops keen observational skills crucial for students.

13
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Aim

PEAK EXPIRATORY FLOW RATE

To determine the Peak Expiratory Flow Rate (PEFR) of the given subject using a

Peak Flow Meter.

Principle

Peak Expiratory Flow Rate is the maximum rate of air flow achieved during a forceful

expiration following a deep inspiration. It reflects the patency of airways and the functional

status of the respiratory system, particularly the large airways. PEFR is reduced in obstructive

airway disorders such as asthma and chronic bronchitis.

Requirements

Peak flow meter
Disposable mouthpiece
Stopwatch (optional)
Nose clip (if required)
Recording sheet

Procedure

S A R o

. Instruct the subject to stand upright.

Set the pointer of the peak flow meter to zero.

Ask the subject to take a deep inspiration.

The subject should seal lips tightly around the mouthpiece.

Instruct the subject to blow out as hard and as fast as possible in a single breath.
Note the reading shown on the peak flow meter.

Allow adequate rest and repeat the procedure three times.

Record all readings and select the highest value as PEFR.

Observation Table

Sr. Age Sex | Height Trial 1 Trial 2 Trial 3 Best PEFR
No. | (Years) (cm) (L/min) (L/min) (L/min) (L/min)
1
2
3
Calculation
The highest value obtained among the three trials is taken as the Peak Expiratory
Flow Rate.

PEFR = Highest of three readings (L/min)

14
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Result
The Peak Expiratory Flow Rate of the given subject was found to be L/min.

Precautions
o Ensure a tight seal of lips around the mouthpiece.
e The subject should not bend forward while blowing.
e Reset the meter to zero before each trial.

e Use a clean mouthpiece for each subject.
Normal Values (Approximate)

e Adult Male: 400-600 L/min
e Adult Female: 300—500 L/min

15
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STUDY OF VITAMINS: WATER AND FAT SOLUBLE

The study of vitamins is a fundamental aspect of nutrition and biochemistry, crucial
for students to understand how different animals obtain and utilize these essential organic
compounds for growth, development, metabolism, and overall health. Vitamins are broadly
classified based on their solubility: water-soluble and fat-soluble. This classification dictates
their absorption, transport, storage, excretion, and the likelihood of toxicity.

Study of Vitamins: Water and Fat-Soluble
I. What are Vitamins?

Vitamins are organic compounds required in small quantities in the diet for normal
metabolic function and good health. They are generally not synthesized by the body (or
synthesized in insufficient amounts) and must be obtained from external sources.

I1. Classification of Vitamins

The primary classification is based on their solubility
A. Water-Soluble Vitamins

These vitamins dissolve in water and are generally not stored in the body in
significant amounts (with the exception of Vitamin B12). Because they are easily excreted in
urine, a regular dietary intake is required to prevent deficiency. The risk of toxicity from
excessive intake of water-soluble vitamins is generally low, but some can still cause adverse
effects at very high doses.

Members
e Vitamin C (Ascorbic Acid)
e B-Complex Vitamins
e BI (Thiamine)
o B2 (Riboflavin)
e B3 (Niacin - Nicotinic Acid & Nicotinamide)
e BS5 (Pantothenic Acid)
o BO6 (Pyridoxine, Pyridoxal, Pyridoxamine)
e B7 (Biotin)
o B9 (Folate / Folic Acid)
e BI12 (Cobalamin)
General Characteristics
e Absorption: Directly absorbed into the bloodstream.
e Storage: Minimal storage (except B12 in the liver).
o Excretion: Excess amounts are readily excreted in urine.
o Frequency of Intake: Needed regularly in the diet.

o Toxicity: Generally low risk, but megadoses can cause side effects.

16
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Vitamin Primary Functions Deficiency Symptoms Food Sources Potential Toxicity
(at very high doses)
Vitamin C Antioxidant, collagen | Scurvy: Bleeding gums, petechiae | Citrus fruits, berries | Gastrointestinal upset (nausea,
synthesis (connective tissue, | (small red spots on skin), poor wound | (strawberries), kiwi, | diarrhea,  cramps), kidney
wound  healing), iron | healing, joint pain, fatigue, tooth loss. | bell peppers, | stones (rare), migraines (at
absorption, immune broccoli, tomatoes, | 6g/day).
function. leafy greens.
B1 Coenzyme in carbohydrate | Beriberi: Whole grains, pork, | None clearly documented from
(Thiamine) metabolism (energy | - Wet Beriberi: High-output heart | legumes, nuts, | oral intake, readily excreted.
production), nerve function. | failure, edema. | fortified cereals.
- Dry Beriberi: Polyneuritis,
symmetrical muscle wasting,
neurological symptoms.
Wernicke-Korsakoff Syndrome (in
alcoholics): Confusion,
ophthalmoplegia, ataxia, memory
loss, confabulation.
B2 Coenzyme in redox | Ariboflavinosis: Cheilosis (cracks at | Milk, dairy products, | None clearly documented from
(Riboflavin) | reactions (FAD, FMN) for | corners of mouth), glossitis (inflamed | eggs, leafy green | oral intake.

energy metabolism.

tongue), sore throat, seborrheic

dermatitis, corneal vascularization.

fortified

cereals, lean meats.

vegetables,

17
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B3 (Niacin)

Coenzyme in redox

reactions (NAD+, NADP+)

for energy metabolism;

"3 DS"
rash),
Dementia. Can also include glossitis,

Pellagra: Dermatitis

(photosensitive Diarrhea,

Meat (poultry, beef),
fish,
mushrooms, fortified

peanuts,

Flush:

burning

Niacin Redness,

itching, sensation

(especially nicotinic acid form).

DNA repair. apathy. grains. Can also be | Liver damage, high blood
synthesized from | pressure, impaired vision at
tryptophan. very high doses (1-3g/day).

BS Component of Coenzyme A | Extremely rare; "Burning feet | Found in virtually all | Gastrointestinal distress
(Pantothenic | (CoA), essential for fatty | syndrome" (paresthesia), fatigue, GI | foods (hence "panto" | (diarrhea).
Acid) acid synthesis and | distress, restlessness, sleep | meaning "from

breakdown, energy | disturbances, adrenal insufficiency. everywhere"). Meat,

metabolism, hormone eggs, legumes, whole

synthesis. grains, vegetables.

B6 Coenzyme (PLP) in amino | Microcytic anemia, dermatitis, | Meat, fish, poultry, | Severe neurological symptoms

(Pyridoxine) | acid metabolism, | cheilosis,  glossitis,  neurological | potatoes,  bananas, | (sensory neuropathy), skin
neurotransmitter synthesis, | symptoms (depression, confusion, | whole grains, | lesions, sensitivity to light at
red blood cell formation, | convulsions, peripheral neuropathy). | fortified cereals. high doses (e.g., >lg/day
glycogenolysis. chronically).

B7 (Biotin) Coenzyme in fatty acid | Hair loss (alopecia), scaly skin rash, | Egg  yolks, liver, | None clearly documented.
synthesis, gluconeogenesis, | conjunctivitis, neurological symptoms | nuts, seeds, sweet

amino acid metabolism. (depression, lethargy, hallucinations), | potatoes, some

muscle pain. (Rare, often associated
with
consumption which contains avidin, a
biotin binder).

excessive raw egg white

intestinal bacteria.
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B9 (Folate) Coenzyme in DNA synthesis | Megaloblastic anemia: Large, | Leafy green | May mask B12 deficiency (by
and repair, cell division, amino | immature red blood cells. Neural | vegetables, legumes, | correcting anemia but not
acid metabolism. Crucial for red | tube defects in newborns (if | citrus fruits, fortified | neurological damage); can
blood cell maturation. deficient  during pregnancy). | grains, liver. affect mental function at very

Fatigue, weakness, irritability, high supplemental doses.
headaches, shortness of breath.

B12 Coenzyme in DNA synthesis, | Megaloblastic (Pernicious) | Animal products | None clearly documented.

(Cobalamin) |red blood cell formation, | anemia: (often due to intrinsic | only: Meat, fish,

neurological function (myelin

sheath integrity).

factor deficiency). Neurological

symptoms  (paresthesia,  gait
disturbance, cognitive
impairment, memory loss).

Fatigue, weakness, glossitis.

poultry, eggs, dairy.
(Vegans need
supplementation  or

fortified foods).

B. Fat-Soluble Vitamins

These vitamins dissolve in fats and oils. They are absorbed along with dietary fats, transported via lymphatic system in chylomicrons,

and can be stored in the body's fatty tissues and liver. Because they can accumulate, excessive intake of fat-soluble vitamins carries a higher risk

of toxicity (hypervitaminosis) than water-soluble vitamins.

Members

Vitamin A (Retinol, Retinal, Retinoic Acid)
Vitamin D (Cholecalciferol - D3, Ergocalciferol - D2)

Vitamin E (Tocopherols, Tocotrienols)

Vitamin K (Phylloquinone - K1, Menaquinone - K2)
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General Characteristics

e Absorption: Absorbed with dietary fats; requires bile acids.

o Storage: Stored in liver and adipose tissue.

o Excretion: Not easily excreted; can accumulate to toxic levels.

e Frequency of Intake: Not needed daily due to storage.

o Toxicity: Higher risk, especially with supplements.
Detailed Study of Fat-Soluble Vitamins

Vitamin | Primary Functions

Deficiency Symptoms

Food Sources

Potential Toxicity (Hypervitaminosis)

Vitamin
A rhodopsin),

differentiation,

growth, reproduction.

Vision (component of

cell

immune function, bone

Night blindness (earliest
symptom), Xerophthalmia
(dry eyes), Bitot's spots

(foamy spots on
conjunctiva), eventual
blindness, impaired

immune function, stunted

growth.

Preformed A (Retinol):
Liver, fish oil, dairy products,
eggs.

Provitamin A Carotenoids
(Beta-carotene): Carrots,
sweet potatoes, spinach, kale,

mangoes, apricots.

Acute: Nausea, vomiting, headache, blurred
vision, dizziness, muscle pain, skin peeling,
irritability, increased intracranial pressure.
Chronic: Dry skin, hair loss, brittle nails,
fatigue, headache, liver damage, bone
abnormalities, birth defects (teratogenic in
pregnancy). Toxicity more common from

supplements than food.

Vitamin | Calcium

D phosphate homeostasis

skin upon

exposure.

and

(bone health), immune
function, cell growth.
Can be synthesized in
uv

Children: Rickets (soft,
deformed Dbones,
legs).

Adults:

(softening of bones, bone

bowed

Osteomalacia

pain, muscle weakness),
Osteoporosis. Impaired

immune function.

Fatty fish (salmon, mackerel,
tuna), fish liver oils, fortified
milk/cereals, egg
Sunlight exposure.

yolks.

Hypercalcemia (high blood calcium) leading
to calcification of soft tissues (kidneys, blood
vessels), nausea, vomiting, constipation,

weakness,
More

common from excessive supplementation.

polyuria (excessive urination),

kidney damage, heart arrhythmias.

20




Practical Handbook of Minor Zoology (B. Sc. 1, Sem [V)

(ISBN: 978-93-47587-09-2)

Vitamin
E

Potent antioxidant,
protects cell
membranes from

oxidative damage.

Very rare in healthy
individuals; usually
associated with

malabsorption or genetic

disorders. Symptoms
include neurological
problems (neuropathy,

ataxia), muscle weakness,

hemolytic anemia.

Vegetable oils (wheat germ,

sunflower, corn, soybean),

nuts (almonds, peanuts),
seeds, leafy green vegetables,

fortified cereals.

Relatively low toxicity, but very high doses
can interfere with Vitamin K activity,
increasing bleeding risk (especially in
individuals on anticoagulants), and can cause

GI upset, fatigue, and muscle weakness.

Vitamin
K

blood

coagulation (synthesis

Essential for
of clotting factors II,
VII, IX, X) and bone
metabolism

(osteocalcin

Can be
synthesized by gut

activation).

bacteria.

Prolonged
bleeding/clotting time,
easy bruising,

hemorrhages (internal or
external). (Rare in adults,
more common in
newborns due to
underdeveloped gut flora
and low placental transfer,
thus prophylactic injection

is often given).

K1 (Phylloquinone): Green
leafy vegetables (spinach,
kale, broccoli), vegetable oils.
K2

Fermented

(Menaquinones):
foods, some
animal products, synthesized

by gut bacteria.

Generally low toxicity for K1. Synthetic K3
(menadione) can be toxic (hemolytic anemia,
liver damage), but it is not used in
supplements. No known toxicity for K1 and

K2 at high doses in healthy individuals.
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II1. Practical Application for Students
The study of vitamins involves understanding

1. Species-Specific Requirements: Vitamin needs vary widely across different animal
species. For example, most mammals can synthesize Vitamin C, but humans, other
primates, guinea pigs, and some birds/fish cannot and thus require it in their diet.

2. Dietary Sources in Animal Feed: Recognizing what natural food sources provide
specific vitamins for different animals (e.g., pasture for ruminants, insects for
insectivores, fortified diets for captive animals).

3. Deficiency Diseases in Animals: Identifying clinical signs of vitamin deficiencies in
various animal models (e.g., rickets in young animals due to Vitamin D deficiency,
neurological issues in poultry with B-vitamin deficiencies, poor vision in zoo animals
lacking Vitamin A).

4. Vitamin Toxicity in Animals: Understanding that excessive supplementation can
lead to hypervitaminosis, which can be particularly problematic for fat-soluble
vitamins (e.g., Vitamin A toxicity in polar bears from eating seal liver, Vitamin D
toxicity from over-supplementation in companion animals).

5. Role in Comparative Physiology: How vitamins act as coenzymes or have specific
roles in metabolic pathways that are conserved or vary across different animal groups.

6. Nutritional Management: The importance of balanced diets and appropriate
supplementation in animal husbandry and conservation efforts to prevent deficiency
and toxicity.

This study helps students appreciate the intricate role of micronutrients in animal

health, disease, and adaptation.
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STUDY OF ENDOCRINE GLANDS (SLIDES/CHARTS/MODELS)

I. PITUITARY GLAND
Often referred to as the "master gland," the pituitary gland is a small, pea-sized
endocrine gland located at the base of the brain, housed within a bony depression called the
sella turcica of the sphenoid bone. Despite its small size, it plays a critical role in regulating
the function of many other endocrine glands and various bodily processes. It is intimately

connected to the hypothalamus, which controls its activity.

neurosecretory cells ventricle neurchypophysis

portal vessels

adenohypophysis/

T. S. OF PITUITARY GLAND
Structure of the Pituitary Gland

7 blood

pars intermedia

The pituitary gland is anatomically and functionally divided into two main lobes:
1. Anterior Pituitary (Adenohypophysis)

o This is the larger, glandular part of the pituitary.

o It develops from an out-pouching of the roof of the embryonic oral cavity (Rathke's
pouch).

o It is connected to the hypothalamus by a specialized system of blood vessels called
the hypothalamic-hypophyseal portal system. Releasing and inhibiting hormones
produced by the hypothalamus are transported through this portal system to the
anterior pituitary, where they regulate the synthesis and release of anterior pituitary
hormones.

o The anterior pituitary contains various types of hormone-secreting cells, typically
classified by their staining properties:

= Somatotrophs: Secrete Growth Hormone (GH).

= Lactotrophs (Mammotrophs): Secrete Prolactin (PRL).

= Corticotrophs: Secrete Adrenocorticotropic Hormone (ACTH).
= Thyrotrophs: Secrete Thyroid-Stimulating Hormone (TSH).
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= Gonadotrophs: Secrete Follicle-Stimulating Hormone (FSH) and Luteinizing
Hormone (LH).
2. Posterior Pituitary (Neurohypophysis)

o This part is essentially an extension of the hypothalamus.

o It is composed mainly of nerve fibers (axons) and specialized glial cells called
pituicytes.

o It does not synthesize its own hormones. Instead, it stores and releases hormones that
are produced by neurosecretory cells in the hypothalamus. These hormones travel
down the axons from the hypothalamus to the posterior pituitary.

o It is connected to the hypothalamus by the hypothalamic-hypophyseal tract, a bundle
of nerve fibers.

There is also an Intermediate Lobe (Pars Intermedia), which is rudimentary in humans
and largely integrated into the anterior lobe. It produces Melanocyte-Stimulating Hormone
(MSH) in some species, though its role in humans is not fully understood.

Functions of the Pituitary Gland

The pituitary gland's hormones regulate a vast array of bodily functions:
A. Hormones of the Anterior Pituitary

1. Growth Hormone (GH) or Somatotropin

o Function: Promotes growth of bones, muscles, and other tissues, especially
during childhood and adolescence. It influences metabolism by promoting
protein synthesis, increasing fat breakdown, and raising blood glucose levels
(anti-insulin effect).

o Regulation: Stimulated by Growth Hormone-Releasing Hormone (GHRH)
and inhibited by Somatostatin (Growth Hormone-Inhibiting Hormone, GHIH)
from the hypothalamus.

2. Thyroid-Stimulating Hormone (TSH) or Thyrotropin

o Function: Stimulates the thyroid gland to produce and secrete thyroid
hormones (T3 and T4).

o Regulation: Stimulated by Thyrotropin-Releasing Hormone (TRH) from the
hypothalamus.

3. Adrenocorticotropic Hormone (ACTH) or Corticotropin

o Function: Stimulates the adrenal cortex to produce and secrete
glucocorticoids (primarily cortisol).

o Regulation: Stimulated by Corticotropin-Releasing Hormone (CRH) from the
hypothalamus.
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4. Follicle-Stimulating Hormone (FSH)

o Function

= Females: Stimulates the growth and development of ovarian follicles and
estrogen production.
= Males: Stimulates sperm production (spermatogenesis) in the testes.

o Regulation: Stimulated by Gonadotropin-Releasing Hormone (GnRH) from
the hypothalamus.

5. Luteinizing Hormone (LH)

o Function:
= Females: Triggers ovulation and stimulates the formation of the corpus

luteum (which produces progesterone and estrogen).
= Males: Stimulates testosterone production by the Leydig cells in the testes.

o Regulation: Stimulated by Gonadotropin-Releasing Hormone (GnRH) from

the hypothalamus.
6. Prolactin (PRL)

o Function: Primarily stimulates milk production (lactation) in the mammary
glands after childbirth. It also plays a role in reproductive function in both
sexes.

o Regulation: Primarily inhibited by Dopamine (Prolactin-Inhibiting Hormone,
PIH) from the hypothalamus. Stimulated by Prolactin-Releasing Hormone
(PRH) (though PRH is not as well-defined as other releasing hormones).

B. Hormones of the Posterior Pituitary (Stored and Released)
1. Antidiuretic Hormone (ADH) or Vasopressin:

o Function: Increases water reabsorption by the kidneys, thereby decreasing
urine output and helping to regulate blood volume and blood pressure. It also
has vasoconstrictor effects at higher concentrations.

o Production Site: Synthesized in the supraoptic nucleus of the hypothalamus.

2. Oxytocin
o Function
= Females: Stimulates uterine contractions during childbirth and milk
ejection (let-down) during breastfeeding.
= Males and Females: Plays a role in social bonding, trust, and sexual
behavior.
o Production Site: Synthesized in the paraventricular nucleus of the

hypothalamus.
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I1. ADRENAL GLAND (SUPRARENAL GLAND)

The adrenal glands are a pair of small, triangular-shaped endocrine glands located on
top of each kidney. Each adrenal gland is composed of two distinct parts, the outer cortex and
the inner medulla, which function as separate endocrine glands, producing different sets of

hormones.

conex } adrenal

gland
medulia

adrenal gland

inferior vena cava

ADRENAL GLAND AND ITS LOCATION
Structure of the Adrenal Gland
Each adrenal gland is encapsulated and consists of
1. Adrenal Cortex
o This is the outer, yellowish layer, comprising about 80-90% of the gland's volume.
o It is responsible for synthesizing and secreting steroid hormones (corticosteroids)
from cholesterol.
o The cortex is further divided into three distinct zones, each producing specific types
of steroid hormones:
= Zona Glomerulosa (Outer layer): Produces mineralocorticoids, primarily
aldosterone.
= Zona Fasciculata (Middle and largest layer): Produces glucocorticoids, primarily
cortisol.
= Zona Reticularis (Inner layer): Produces weak androgens (sex hormones), such
as dehydroepiandrosterone (DHEA).
2. Adrenal Medulla
o This is the inner, reddish-brown core of the adrenal gland.
o Itis essentially a modified sympathetic ganglion, derived from neural crest cells.

o It contains chromaffin cells, which are specialized neurosecretory cells.
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Functions of the Adrenal Gland

The adrenal glands are vital for stress response, metabolism, and maintaining

electrolyte balance.

A. Hormones of the Adrenal Cortex

1. Mineralocorticoids (e.g., Aldosterone - produced by Zona Glomerulosa)

o

Function: Primarily regulate electrolyte balance (sodium and potassium) and water
balance in the body. Aldosterone acts on the kidneys to:

= Increase sodium reabsorption (leading to water retention).

= Increase potassium excretion.

= Increase hydrogen ion excretion (contributing to acid-base balance).

Overall Effect: Helps maintain blood volume and blood pressure.

Regulation: Primarily regulated by the Renin-Angiotensin-Aldosterone System
(RAAS), and to a lesser extent, by potassium levels in the blood. ACTH has a minor

role.

2. Glucocorticoids (e.g., Cortisol - produced by Zona Fasciculata)

o

o

Function: Play a crucial role in the body's response to stress, metabolism, and

inflammation.

= Metabolic Effects: Increase blood glucose levels (gluconeogenesis), promote
protein breakdown, and mobilize fats for energy.

= Anti-inflammatory and Immunosuppressive Effects: Suppress the immune
system and reduce inflammation.

= Cardiovascular Effects: Maintain blood pressure and cardiovascular function.

= Stress Response: Essential for adapting to stress.

Regulation: Regulated by the Hypothalamic-Pituitary-Adrenal (HPA) axis. CRH

from the hypothalamus stimulates ACTH release from the pituitary, which then

stimulates cortisol secretion from the adrenal cortex. This is a classic negative

feedback loop.

3. Adrenal Androgens (e.g., DHEA - produced by Zona Reticularis)

o

o

Function: These are weak male sex hormones. In males, their contribution to overall
androgen levels is minor compared to testicular androgens. In females, they are a
significant source of androgens, contributing to pubic and axillary hair growth, and
libido. They can be converted into more potent androgens (like testosterone) or
estrogens in peripheral tissues.

Regulation: Primarily regulated by ACTH.
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B. Hormones of the Adrenal Medulla

The adrenal medulla secretes catecholamines, which are part of the "fight-or-flight"

response.

1. Epinephrine (Adrenaline) and Norepinephrine (Noradrenaline):

o

Function: These hormones prepare the body for immediate action in stressful

situations. Their effects include:

Increased heart rate and force of contraction.
Increased blood pressure.

Dilation of bronchioles (improving airflow).
levels and

Increased blood glucose (by promoting glycogenolysis

gluconeogenesis).
= Redistribution of blood flow (away from digestion and towards muscles and
brain).
= Increased metabolic rate.
o Regulation: Secretion is directly stimulated by the sympathetic nervous system in

response to stress, fear, excitement, and exercise.

II1. THYROID GLAND
The thyroid gland is a butterfly-shaped endocrine gland located in the lower front of
the neck, just below the Adam's apple, anterior to the trachea. It is a highly vascular organ

and plays a central role in regulating metabolism throughout the body.
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HUMAN THYROID GLAND AND T. S. OF THYROID GLAND
Structure of the Thyroid Gland
The thyroid gland consists of
1. Two Lobes: Right and left lobes, located on either side of the trachea.
2. Isthmus: A narrow band of tissue connecting the two lobes across the front of the

trachea, usually at the level of the 2nd and 3rd tracheal rings.
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3. Pyramidal Lobe (Optional): A small, often present extension of tissue superiorly
from the isthmus or one of the lobes.

Microscopic Structure: The thyroid gland's functional units are spherical structures called
thyroid follicles.
e Follicular Cells: These cuboidal epithelial cells form the walls of the follicles. They
are responsible for synthesizing and secreting the thyroid hormones, T3
(triiodothyronine) and T4 (thyroxine). They actively transport iodine from the blood
into the follicle.
e Colloid: The lumen (center) of each follicle is filled with a protein-rich fluid called
colloid. The colloid primarily consists of thyroglobulin, a large glycoprotein that acts
as a precursor and storage form for thyroid hormones.
o Parafollicular Cells (C Cells): These cells are located in the connective tissue
between the thyroid follicles. They are distinct from follicular cells and produce the
hormone calcitonin.
Functions of the Thyroid Gland

The thyroid gland produces hormones that influence nearly every cell in the body.
A. Thyroid Hormones (T3 and T4 - produced by Follicular Cells)

Thyroid hormones are unique because they contain iodine, which is essential for their
synthesis.

e Thyroxine (T4): The main hormone secreted by the thyroid gland (about 90%). It is
considered a prohormone as it is converted to the more active T3 in target tissues.

e Triiodothyronine (T3): The more potent and active form of thyroid hormone. About
10% is secreted directly, and the rest is formed from T4 deiodination.

The functions of T3 and T4 are broad and crucial for

1. Regulation of Basal Metabolic Rate (BMR): Thyroid hormones increase the BMR,
influencing oxygen consumption and heat production in most body tissues. This
impacts energy levels and body temperature.

2. Growth and Development: Essential for normal growth and maturation, especially
of the nervous system and skeletal system, particularly during fetal development and
childhood. Deficiency during these periods can lead to irreversible developmental
problems (cretinism).

3. Metabolism of Macronutrients

o Carbohydrate Metabolism: Increase glucose absorption from the GI tract,
enhance glucose utilization, and increase gluconeogenesis and glycogenolysis.
o Fat Metabolism: Increase lipolysis (fat breakdown) and reduce blood

cholesterol and triglyceride levels.
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o Protein Metabolism: Promote protein synthesis (anabolic effect at
physiological levels), but can cause protein breakdown at high levels.

4. Nervous System Development and Function: Crucial for normal brain development

and function, affecting alertness, reflexes, and mood.

5. Cardiovascular System: Increase heart rate, contractility, and cardiac output, making

the heart more sensitive to catecholamine.

6. Gastrointestinal System: Increase gut motility.

7. Reproductive System: Play a role in maintaining normal reproductive function.
Regulation of Thyroid Hormones: The secretion of thyroid hormones is tightly regulated by
the Hypothalamic-Pituitary-Thyroid (HPT) axis via a negative feedback mechanism:

e Hypothalamus releases Thyrotropin-Releasing Hormone (TRH).

o TRH stimulates the anterior pituitary to release Thyroid-Stimulating Hormone (TSH).

o TSH stimulates the thyroid gland to synthesize and release T3 and T4.

e High levels of T3 and T4 then inhibit the release of TRH from the hypothalamus and

TSH from the anterior pituitary, completing the negative feedback loop.
B. Calcitonin (produced by Parafollicular Cells or C Cells)

1. Function: Plays a role in calcium homeostasis.

o It lowers blood calcium levels by inhibiting osteoclast activity (bone breakdown)
and promoting calcium deposition into bones.
o It also inhibits calcium reabsorption by the kidneys.

2. Regulation: Secretion is stimulated by high blood calcium levels. Its role in adult

calcium regulation is generally considered less significant than that of parathyroid

hormone (produced by the parathyroid glands).

IV. PANCREATIC GLAND
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T. S. OF PANCREAS
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The pancreas is a unique and vital gland that serves as both an exocrine gland

(producing digestive enzymes) and an endocrine gland (producing hormones that regulate

blood glucose). It is an elongated, flattened organ located in the abdomen, nestled behind the

stomach, with its head in the curve of the duodenum (the first part of the small intestine) and

its tail extending towards the spleen.

Structure of the Pancreatic Gland

The pancreas is composed of two main types of tissue, reflecting its dual functions:

1. Exocrine Pancreas (Acinar Cells)

@)

o

@)

This constitutes the vast majority (about 99%) of the pancreas.
It is made up of clusters of cells called acini (singular: acinus).
Acinar cells synthesize and secrete digestive enzymes (like amylase, lipase, proteases)
into small ducts, which eventually merge to form the main pancreatic duct. This duct

then carries the enzymes into the duodenum to aid in food digestion.

2. Endocrine Pancreas (Islets of Langerhans)

@)

These are small, spherical clusters of hormone-producing cells scattered throughout
the exocrine tissue, accounting for only about 1-2% of the total pancreatic mass.
There are typically 1 to 2 million islets in a healthy adult pancreas.
Although small, the islets are highly vascularized, allowing their hormones to be
directly secreted into the bloodstream.
The islets contain at least four main types of hormone-secreting cells, each with a
specific function:
= Alpha (a) cells: Produce Glucagon. (Approximately 15-20% of islet cells)
= Beta (B) cells: Produce Insulin and amylin. (Approximately 65-80% of islet cells,
the most abundant)
= Delta () cells: Produce Somatostatin. (Approximately 3-10% of islet cells)
= PP (or Gamma, y) cells: Produce Pancreatic Polypeptide. (Less than 5% of islet
cells)

Functions of the Pancreatic Gland (Endocrine Functions)

The endocrine pancreas primarily focuses on the regulation of blood glucose levels,

which is critical for maintaining the body's energy supply.

A. Hormones of the Islets of Langerhans

1. Insulin (produced by Beta cells)

o

o

Nature: A peptide hormone.
Function: Insulin is the primary hormone responsible for lowering blood glucose

levels when they are high (e.g., after a meal). It achieves this by:
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=  Promoting glucose uptake: Facilitating the entry of glucose from the blood into
most body cells (especially muscle and adipose tissue) by increasing the number
of glucose transporters on cell membranes.

= Promoting glycogen synthesis (glycogenesis): Stimulating the liver and muscles
to convert excess glucose into glycogen for storage.

= Promoting fat synthesis (lipogenesis): Encouraging adipose tissue to convert
glucose into triglycerides for storage.

= Promoting protein synthesis: Increasing amino acid uptake and protein
synthesis.

= Inhibiting gluconeogenesis: Reducing the liver's production of glucose from non-
carbohydrate sources.

= Inhibiting glycogenolysis: Preventing the breakdown of stored glycogen into
glucose.

Overall Effect: Anabolic hormone, promoting the storage of nutrients.

Regulation: Primarily stimulated by high blood glucose levels, but also by certain

amino acids, fatty acids, and parasympathetic nervous system activity. Inhibited by

sympathetic nervous system activity and somatostatin.

2. Glucagon (produced by Alpha cells)

@)

o

Nature: A peptide hormone.

Function: Glucagon is the main hormone responsible for raising blood glucose levels

when they are low (e.g., during fasting or intense exercise). It achieves this by:

= Promoting glycogenolysis: Stimulating the liver to break down stored glycogen
into glucose and release it into the blood.

= Promoting gluconeogenesis: Stimulating the liver to produce new glucose from
non-carbohydrate sources (amino acids, glycerol).

* Promoting lipolysis: Breaking down fats into fatty acids, which can be used as an
alternative energy source.

Overall Effect: Catabolic hormone, mobilizing stored nutrients.

Regulation: Primarily stimulated by low blood glucose levels, high amino acid levels

(e.g., after a high-protein meal, to prevent hypoglycemia from insulin's effect), and

sympathetic nervous system activity. Inhibited by high blood glucose levels and

insulin.

3. Somatostatin (GHIH - Growth Hormone-Inhibiting Hormone) (produced by Delta
cells)

o

Nature: A peptide hormone.

32



Practical Handbook of Minor Zoology (B. Sc. 1, Sem 1V)
(ISBN: 978-93-47587-09-2)

o Function: In the pancreas, somatostatin acts as a local paracrine regulator. It helps to
modulate the secretion of both insulin and glucagon, primarily by inhibiting their
release. This helps to slow down nutrient absorption and prevent rapid fluctuations in
blood glucose after a meal. It also inhibits the secretion of pancreatic exocrine
enzymes.

o Regulation: Stimulated by high levels of glucose, amino acids, and fatty acids.

4. Pancreatic Polypeptide (PP) (produced by PP cells)
o Nature: A peptide hormone.
o Function: The exact physiological role of pancreatic polypeptide is not fully
understood, but it is believed to be involved in regulating pancreatic exocrine and
endocrine secretion, as well as gastrointestinal motility and appetite. Its release is
often stimulated by protein-rich meals, fasting, exercise, and acute hypoglycemia.
Importance of Pancreatic Hormones

The antagonistic actions of insulin and glucagon are crucial for maintaining glucose
homeostasis. This precise balance ensures that cells have a continuous supply of glucose for
energy, while preventing dangerously high (hyperglycemia) or dangerously low
(hypoglycemia) blood sugar levels. Disruptions in insulin production or action are the

hallmarks of diabetes mellitus, a widespread metabolic disorder.
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HISTOLOGY

OESOPHAGUS

gastrointestinal tract and consists of four concentric layers: mucosa, submucosa, muscularis

The histology of the esophagus follows the general structural plan of the
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externa (propria), and adventitia.
The Four Layers of the Esophageal Wall

Mucosa: This is the innermost lining, which itself has three components:

1.

Submucosa: This layer of dense, irregular connective tissue contains blood vessels,
lymphatic vessels, nerves (Meissner plexus), and mucus-secreting submucosal glands
(esophageal glands proper). These glands help lubricate the passage of food.

Muscularis externa (propria): The main muscle layer responsible for peristalsis,

consisting of an inner circular layer and an outer longitudinal layer. The composition

Epithelium: Nonkeratinized, stratified squamous epithelium lines the lumen,
providing protection against the abrasive effects of food. This is a key

distinguishing feature from the simple columnar epithelium of the stomach, with

an abrupt transition occurring at the gastroesophageal junction.

Lamina propria: A thin layer of loose connective tissue beneath the epithelium,

containing blood vessels and occasional lymphoid aggregates.

Muscularis mucosae: A thin layer of smooth muscle, which becomes thicker in

the lower esophagus.

of this layer changes along the length of the esophagus:

1.
2.
3.

Upper third: Primarily voluntary striated (skeletal) muscle.
Middle third: A mixture of both striated and smooth muscle.

Lower third: Entirely smooth muscle.
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4. The myenteric (Auerbach) plexus, a network of nerve fibers involved in
regulating muscle contraction, is located between the inner and outer muscle

layers.
o Adventitia: For most of its length in the thorax, the esophagus is covered by an outer
layer of loose connective tissue called the adventitia, which anchors it to surrounding
structures. The short portion within the abdominal cavity is covered by a serosa

(visceral peritoneum).
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The histology of the stomach follows the typical four-layered organization of the
gastrointestinal tract, comprising the mucosa, submucosa, muscularis externa, and serosa.
The mucosa is lined by simple columnar epithelium, which forms invaginations known as
gastric pits that open into specialized gastric glands.

Layers of the Stomach Wall

The stomach wall features a unique adaptation in its muscular layer to facilitate
mechanical digestion and churning.

e Mucosa: The innermost layer, consisting of a surface epithelium, an underlying
connective tissue layer (lamina propria), and a thin smooth muscle layer (muscularis
mucosae).

e Submucosa: A layer of dense connective tissue containing blood vessels, lymphatic

vessels, and the submucosal (Meissner's) nerve plexus.
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e  Muscularis Externa (Muscularis Propria): This layer is unique to the stomach as it has
three layers of smooth muscle instead of the typical two found in the rest of the GI tract.

1. Inner oblique layer (unique to the stomach; responsible for churning)

2. Middle circular layer (thickens to form the pyloric sphincter)

3. Outer longitudinal layer -The myenteric (Auerbach's) nerve plexus is located
between the circular and longitudinal muscle layers and controls muscle
contractions.

e Serosa: The outermost layer, a serous membrane (visceral peritoneum) that provides

protection and lubrication.

SMALL INTESTINE

Epithelial cell
with brush
border

Capillary
network
Mucosa — Lacteal

Goblet
cell

Intestinal
crypt

Artery
Vein
— Lymph vessel

S
Muscularis — L ) 417 Nerve

£

Submucosa

"~

—_—  ——

Serosa

The histology of the small intestine includes a layered structure (mucosa, submucosa,
muscularis, serosa) and features like circular folds, villi, and microvilli to maximize surface
area for absorption. The mucosa's epithelium contains enterocytes (absorptive cells), goblet
cells, enteroendocrine cells, and Paneth cells, which reside in the crypts of Lieberkiihn
alongside stem cells. The three sections—duodenum, jejunum, and ileum—have specific
characteristics, such as Brunner's glands in the duodenum and Peyer's patches in the ileum.
Layers
Mucosa: The innermost layer, featuring the epithelium, lamina propria, and muscularis
mucosae.

1. Epithelium: Lined with simple columnar epithelium that includes absorptive
enterocytes, goblet cells, enteroendocrine cells, and Paneth cells.
2. Lamina Propria: The core of the villi, containing blood capillaries and lacteals

(lymphatic vessels).
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Submucosa: A layer of connective tissue containing blood vessels, nerves, and lymphatic
vessels.

Muscularis Externa: Composed of an inner circular and an outer longitudinal layer of
smooth muscle responsible for peristalsis.

Serosa: The outermost layer of connective tissue that allows the intestine to move freely.

LARGE INTESTINE
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The histology of the large intestine follows the typical structural organization of the
gastrointestinal tract and consists of four layers: mucosa, submucosa, muscularis externa, and
serosa or adventitia. Distinctive features include the absence of villi, the presence of deep
intestinal glands (crypts of Lieberkiihn) rich in goblet cells, and the specialization of the outer
longitudinal muscle layer into three distinct bands known as taeniae coli.

Layers of the Large Intestine
Mucosa: The innermost layer, responsible for absorption of water and electrolytes, and
mucus secretion.

1. Epithelium: Lined by simple columnar epithelium, containing enterocytes
(absorptive cells with short microvilli) and a high density of mucus-secreting
goblet cells.

2. Lamina Propria: Loose connective tissue that supports the epithelium and
contains numerous immune cells (lymphocytes, plasma cells, macrophages) and
lymphoid nodules (especially abundant in the appendix).

3. Muscularis Mucosae: A thin layer of smooth muscle that separates the mucosa
from the submucosa.

Submucosa: Consists of dense irregular connective tissue, blood and lymphatic vessels, and
the submucosal nerve plexus (Meissner's plexus).
Muscularis Externa: Composed of two smooth muscle layers, important for motility

(peristalsis and haustration).
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1. Inner Circular Layer: A continuous layer of smooth muscle.

2. Outer Longitudinal Layer: This layer is concentrated into the three narrow,
longitudinal bands known as the taeniae coli. These bands are shorter than the large
intestine itself, causing it to form characteristic pouches called haustra.

3. The myenteric nerve plexus (Auerbach's plexus) is located between these two
muscle layers and regulates muscle contraction.

Serosa/Adventitia: The outermost layer. Intraperitoneal parts (cecum, transverse colon,
sigmoid colon) are covered by serosa, while retroperitoneal parts (ascending and descending
colon, rectum) are covered by adventitia, which anchors them to surrounding structures.

Small, fat-filled pouches called appendices epiploicae project from the serosal surface.

LIVER

Central vein

— Hepatic artery

Portal
triad

Portal vein

Bile ductule
Hepatic lobule

The liver's histology is centered around a repeating unit known as the hepatic lobules,
a roughly hexagonal structure organized around a central vein. Hepatocytes (liver cells) are
arranged in plates that radiate from the central vein, separated by vascular channels
called sinusoids. At the corners of the hexagon are portal tracts (or portal triads), which
contain three key structures: a branch of the hepatic artery, a branch of the portal vein, and
a bile ductule.
Structural Components
. Hepatocytes: These are the primary parenchymal cells of the liver, large and polygonal
with abundant eosinophilic (pink) cytoplasm and round, central nuclei. They perform
most of the liver's metabolic functions, including bile production, protein synthesis, and
detoxification.
J Hepatic Lobule: The classic structural unit. Blood flows from the portal

triad (periphery) through the sinusoids to the central vein.
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. Hepatic Acinus: Considered the functional unit, it emphasizes the gradient of blood
flow and oxygenation, divided into three zones:
1. Zone 1 (Periportal): Closest to the arterial and portal blood supply, receiving the
most oxygen and nutrients; involved in oxidative metabolism and gluconeogenesis.
2. Zone 3 (Pericentral/Centrilobular): Furthest from the blood supply, most
susceptible to ischemic injury and involved in detoxification and lipogenesis.
3. Zone 2 (Midzonal): The area between zones 1 and 3.
. Portal Triad: Located at the "corners" of the lobule, containing:
Portal Venule: A large lumen with a thin wall, carrying nutrient-rich, deoxygenated blood
from the digestive tract.
Hepatic Arteriole: A smaller lumen with a thick muscular wall, carrying oxygenated blood.
Bile Ductule: Lined by a single layer of cuboidal epithelium; collects bile from the bile

canaliculi.
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Structure of the Pancreatic Gland
The pancreas is composed of two main types of tissue, reflecting its dual functions:
1. Exocrine Pancreas (Acinar Cells)

e This constitutes the vast majority (about 99%) of the pancreas.

e It is made up of clusters of cells called acini (singular: acinus).

e Acinar cells synthesize and secrete digestive enzymes (like amylase, lipase, proteases)
into small ducts, which eventually merge to form the main pancreatic duct. This duct
then carries the enzymes into the duodenum to aid in food digestion.

2. Endocrine Pancreas (Islets of Langerhans)

e These are small, spherical clusters of hormone-producing cells scattered throughout

the exocrine tissue, accounting for only about 1-2% of the total pancreatic mass.

There are typically 1 to 2 million islets in a healthy adult pancreas.

39



Bhumi Publishing, India

e Although small, the islets are highly vascularized, allowing their hormones to be
directly secreted into the bloodstream.
e The islets contain at least four main types of hormone-secreting cells, each with a
specific function:
e Alpha (@) cells: Produce Glucagon. (Approximately 15-20% of islet cells)
e Beta () cells: Produce Insulin and amylin. (Approximately 65-80% of islet cells, the
most abundant)
e Delta (9) cells: Produce Somatostatin. (Approximately 3-10% of islet cells)
e PP (or Gamma, y) cells: Produce Pancreatic Polypeptide. (Less than 5% of islet
cells)
Functions of the Pancreatic Gland (Endocrine Functions)
The endocrine pancreas primarily focuses on the regulation of blood glucose levels,

which is critical for maintaining the body's energy supply.
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STUDY OF ECONOMICALLY IMPORTANT FISHES
1. ROHU (Labeo rohita)
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LABEO
e Body Shape: Typically, fusiform and elongated, moderately compressed laterally. It has
a streamlined body suitable for swimming in currents.
o Coloration: Generally silvery-grey on the dorsal side, fading to silvery-white on the
flanks and belly. Fins are often dusky.
o Head: Relatively small head.
o Snout: Depressed and blunt, often projecting slightly beyond the jaws.
o Mouth: Sub-terminal, crescentic slit, with thick, fleshy, and often fringed lips. This
indicates its bottom-feeding (illiophagous) habit, grazing on detritus and algae.
o Barbels: Usually one pair of small, delicate maxillary barbels (at the corner of the
mouth). Rostral barbels are typically absent or very minute.
e Scales: Large, distinct, overlapping cycloid scales covering the trunk and tail. A
complete lateral line with 40-43 scales.
e Fins:
o Dorsal fin: Large, originating roughly over the middle of the body, with 13-15 soft
rays.
o Caudal fin: Deeply forked with two equal lobes.
o Pectoral, pelvic, and anal fins are also present, with specific ray counts.
o Distinguishing feature: The combination of a sub-terminal mouth with fringed lips and

usually one pair of small maxillary barbels is characteristic.
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2. CATLA (Catla catla)
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CATLA
e Body Shape: Short and very deep-bodied, significantly compressed laterally. Its

depth is greater than its head length. This body shape is adapted for surface and mid-

water feeding.

e Coloration: Greyish on the back and flanks, transitioning to silvery-white below.

Fins are often dusky.

e Head: Very large head, conspicuously large, often making up more than one-third of
the total length. The head is scaleless.

o Snout: Broad and bluntly rounded.

o Mouth: Wide and distinctly upturned (superior mouth). The lower jaw protrudes.
This morphology is perfectly adapted for surface feeding on zooplankton and
floating vegetation.

o Barbels: Absent.

e Scales: Conspicuously large cycloid scales on the body. A complete lateral line with

40-43 scales.

e Fins:

o Dorsal fin: High, inserted slightly in advance of the pelvic fins, with 14-16
branched rays.

o Caudal fin: Deeply forked.

o Pectoral fins are long, often extending to the pelvic fins.

o Distinguishing feature: Its very large head, deep body, and characteristic upturned,

wide mouth with no barbels make it easily identifiable.
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. MRIGAL (Cirrhinus mrigala)
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MRIGAL
e Body Shape: Streamlined and elongated, less deep-bodied than Catla, but more
slender than Rohu. Its body is somewhat cylindrical, well-suited for bottom dwelling
and feeding.
e Coloration: Coppery-silvery body, often with a golden tinge on the flanks. Eyes can
be golden.
o Head: Relatively small head.

o Snout: Blunt, often with pores.

o Mouth: Sub-terminal, broad, and transverse. The upper lip is entire, and the lower
lip is often indistinct or less prominent than Rohu. It's adapted for bottom feeding
on detritus.

o Barbels: Usually a single pair of short rostral barbels (at the tip of the snout, near
the nostrils). These are often more prominent than Rohu's maxillary barbels.

e Scales: Cycloid scales, though not as large as Catla. A complete lateral line with 40-

45 scales.

e Fins:

o Dorsal fin: Originates nearer to the end of the snout than the caudal fin base, with
12 or 13 branched rays.

o Caudal fin: Deeply forked.

o Distinguishing feature: The streamlined body, sub-terminal mouth, and presence of

only one pair of distinct rostral barbels help differentiate it from Rohu and Catla.
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4. TILAPIA (Oreochromis mossambicus)
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TILAPIA
e Body Shape: Deep-bodied and laterally compressed, often robust. Body depth can be
quite variable depending on environmental conditions.
e Coloration: Highly variable. "Pure form" females and non-breeding males are
silvery-grey to pale olive with 2-5 mid-lateral blotches. Breeding males become much
darker, often dark olive to black.
o Head
o Snout: Rounded in females and non-breeding males. Sexually mature males often
develop an enlarged, concave upper profile of the head and robust, protruding
jaws, sometimes described as "duckbill-like."

o Mouth: Terminal and wide, with thick lips.

o Barbels: Absent.

e Scales: Large, cycloid scales.

o Lateral line: Interrupted lateral line (a key characteristic of Cichlids). It typically
consists of two parts: an upper section running along the dorsal profile and a lower

section running along the mid-body. Scales count on the lateral line series is 30-
32.

e Fins
o Dorsal fin: Long and continuous, extending over most of the back, with both
spiny and soft rays. The posterior part of the dorsal and anal fins often has
elongated, pointed extensions, especially in males.
o Caudal fin: Rounded or truncate (not typically forked like carps), often with a red
margin in breeding males.
o Anal fin has three spines.
o Distinguishing feature: The combination of an interrupted lateral line, a long dorsal
fin with spiny and soft rays, and often a rounded caudal fin, along with the distinct

color patterns and head shape changes in breeding males, are characteristic of Tilapia.
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STUDY OF ECONOMIC IMPORTANCE OF FOLLOWINGS
1. PRAWN (e.g., Penaeus monodon - Giant Tiger Prawn,
Macrobrachium rosenbergii - Giant Freshwater Prawn)
Prawns are decapods (10 legs) belonging to the order Decapoda, suborder
Dendrobranchiata. They are distinct from shrimp, often being larger and having branching
gills.
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Morphological Characters to Observe

e Body: Elongated, cylindrical, segmented. Divided into a cephalothorax (fused head
and thorax covered by a carapace) and an abdomen (tail).

e Rostrum: A prominent, serrated spine projecting forward from the carapace. The
number and arrangement of dorsal and ventral teeth on the rostrum are crucial for
species identification.

e Antennules & Antennae: Two pairs of sensory appendages on the head.

e Eyes: Stalked compound eyes.

o Pereiopods (Walking Legs): Five pairs on the cephalothorax. The first three pairs
often end in small pincers (chelae), used for feeding.

e Pleopods (Swimmerets): Five pairs of paddle-like appendages on the abdomen, used
for swimming, brood care (in some species), and distinguishing sexes (e.g., petasma
in males, thelycum in females for Penaeus).

e Uropods & Telson: The last abdominal segment bears a central telson and two pairs
of lateral uropods, forming a tail fan used for rapid backward escape (tail flip).

e Gills: Branching gills (dendrobranchiate) are a key internal feature distinguishing
them from true shrimp.

Economic Importance
e Primary Food Source: Prawns are a highly prized seafood globally, consumed fresh,

frozen, cooked, or processed. Their sweet, firm flesh is in high demand.
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e Aquaculture: Globally, prawn farming is a massive industry. Species like Penaeus
monodon and Litopenaeus vannamei (Whiteleg Shrimp) are extensively farmed in
brackish water, while Macrobrachium rosenbergii is farmed in freshwater. This
provides livelihoods and food security.

e Wild Capture Fisheries: Significant wild catches occur, though many stocks are
under pressure due to overfishing.

o Export Commodity: Major export earner for many coastal developing nations.

e Bait: Smaller prawns can be used as live or dead bait for other fish.

2. LOBSTER (e.g., Nephrops norvegicus - Norway Lobster

Homarus americanus - American Lobster)

True lobsters are large marine decapods known for their large, asymmetric claws.

Spiny lobsters (Palinuridae) lack large claws but have prominent antennae.
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Morphological Characters to Observe

Body: Robust, elongated, cylindrical, heavily armored with a thick exoskeleton. Also
divided into a cephalothorax (covered by a large, rigid carapace) and a muscular abdomen
(tail).
Claws (Chelae): A defining feature. Usually two large, unequal claws on the first pair of
pereiopods

o Crusher claw: Larger, more robust, with blunt teeth for crushing.

o Pinch/Cutter claw: More slender with sharper teeth for cutting and tearing. (Note:

Spiny lobsters lack these large claws).

Antennae: Long and thick, used for sensing.
Rostrum: Short, sharp spine on the carapace, less prominent than in prawns.
Pereiopods (Walking Legs): Five pairs. The first pair forms the large claws; the next
two pairs have small pincers; the last two pairs are simple walking legs.
Pleopods: Smaller than those of prawns, located on the underside of the abdomen.
Tail Fan: Consisting of a central telson and broad uropods, forming a powerful paddle

for rapid backward escape.
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o Coloration: Varies by species and habitat (e.g., blue, green, brown, often turning bright
red when cooked).
Economic Importance

e Luxury Seafood: Lobsters are considered a premium and highly desirable seafood
item globally, commanding high prices.

e Wild Fisheries: Primarily sourced from wild capture fisheries, often using traps
(pots). These fisheries are economically vital to many coastal communities.

e Tourism: "Lobster tours" and culinary tourism around lobster are significant in some
regions (e.g., New England, Canada).

e Limited Aquaculture: While research is ongoing, large-scale commercial
aquaculture of true lobsters is challenging due to slow growth rates, cannibalism, and
complex life cycles. Spiny lobster aquaculture is developing in some areas.

o Export Value: Major export commodity for countries with significant lobster

populations.

3. CRAB (e.g., Portunus pelagicus - Blue Swimmer Crab, Scylla serrata - Mud Crab)
Crabs are decapods characterized by a short, broad body and a reduced abdomen
tucked underneath the cephalothorax.
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Morphological Characters to Observe
e Body: Primarily consists of a broad, flattened, and often spiny carapace
(cephalothorax). The abdomen is small and folded tightly underneath the carapace
(visible as a flap on the underside).
e Claws (Chelae): The first pair of pereiopods forms prominent, powerful claws, used
for defense, feeding, and courtship. Size and shape vary greatly by species and sex.
o Pereiopods (Walking Legs): Typically four pairs of walking legs (besides the claws),
adapted for walking, swimming (in swimming crabs, the last pair are flattened

paddles), or climbing.
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Eyes: Stalked eyes, often retractable.
Mouthparts: Complex mouthparts hidden under the front of the carapace.
Gill Slits: Located under the lateral margins of the carapace.
Sexual Dimorphism: The shape of the abdominal flap is key for sex identification:
o Male: Narrow, inverted 'T' or V' shape.
o Female: Broad, rounded, 'U' shape (to carry eggs).
Coloration: Extremely varied (e.g., blue, green, brown, red), often cryptic to blend

with the environment.

Economic Importance

Major Food Source: Crabs are a highly popular and valuable seafood, consumed
fresh, frozen, canned, or as crab meat.

Fisheries: Extensive wild capture fisheries exist worldwide, using pots, nets, or lines.
Aquaculture (Crab Fattening/Grow-out): While full life-cycle aquaculture is
complex for many species, "crab fattening" (holding wild-caught, lean crabs in ponds
until they fill with meat) and grow-out of juvenile crabs are significant. Mud crabs
(Scylla serrata) are a prime example.

By-products: Crab shells can be processed for chitin and chitosan, valuable in
industries like pharmaceuticals, cosmetics, and water treatment.

Tourism: Crab festivals and crab-fishing tours are popular.

4. SEPIA (Cuttlefish - e.g., Sepia pharaonis)

Cuttlefish are cephalopods, related to octopuses and squids, characterized by an

internal shell called a cuttlebone.
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Morphological Characters to Observe

Body: Oval, flattened, and robust, with a distinctive fringed fin (lateral fin) running

along most of the body margin.
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Head: Large, with prominent, W-shaped pupils.
Arms & Tentacles: Eight arms with suckers, arranged around the mouth, and two
long, retractable tentacles with suckered clubs at their ends (used for catching prey).
The tentacles are usually hidden in pouches.
Mantle: The main body sac, containing the internal organs.
Siphon/Funnel: A muscular tube under the head used for jet propulsion (expelling
water).
Cuttlebone: An internal, porous, calcified shell (phragmocone) running along the
dorsal side of the mantle. This is crucial for buoyancy control and is often preserved
separately. Its size and shape are species-specific.
Chromatophores: Specialized pigment cells in the skin allowing for rapid and
complex color changes for camouflage, communication, and display.

Ink Sac: Produces dark ink for defense, expelled through the siphon.

Economic Importance

Food Source: Cuttlefish are a popular seafood, especially in Mediterranean, Asian,
and Southeast Asian cuisines. They are consumed fresh, frozen, dried, or as calamari
(though squid is more common for this). Their firm, white meat is highly valued.
Fisheries: Caught by trawling, jigging, and traditional methods.
Cuttlebone: The internal shell (cuttlebone) is highly valued:

o Pet Industry: Used as a calcium supplement and beak conditioner for pet birds.

o Polishing Agent: Historically used as a polishing agent for metals.

o Art: Used for molds in jewelry casting.
Ornamental: Some smaller species are kept in specialized aquariums.

Ink: Historically used as a pigment (sepia ink in art).

5. MUSSEL (e.g., Mytilus edulis - Blue Mussel, Perna viridis - Green Mussel)

Mussels are bivalve molluscs, meaning their soft body is enclosed within two hinged

shells (valves).
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Morphological Characters

Shell (Valves): Two equal or nearly equal shells, typically elongated, wedge-shaped,
or oval. The umbo (oldest part of the shell) is usually at the pointed anterior end.
Hinge: The dorsal margin where the two valves are joined by a ligament, allowing
them to open and close.

Growth Lines: Concentric lines on the shell surface indicating growth periods.
Byssal Threads: A bundle of strong, fibrous threads secreted by a gland in the foot,
used to anchor the mussel to hard substrates (rocks, ropes, other shells). This is a
unique and key feature.

Adductor Muscles: (Internal, but seen in open specimens/charts). Powerful muscles
that close the shells.

Mantle: The fleshy tissue lining the inside of the shells, responsible for secreting the
shell.

Gills: Large, sheet-like structures inside the mantle cavity, used for filter feeding
(extracting food particles from water) and respiration.

Foot: A small, tongue-like organ used for limited movement and byssal thread
secretion.

Siphons: Incurrent and excurrent siphons (sometimes visible as openings) used to

draw in and expel water for feeding and respiration.

Economic Importance

Primary Food Source: Mussels are a highly popular and sustainable seafood. They
are rich in protein, minerals, and omega-3 fatty acids. Consumed fresh, steamed,
boiled, in stews, or processed.

Aquaculture: Mussel farming (mussel culture or mariculture) is a massive and
growing industry worldwide. They are typically cultivated on ropes, rafts, or poles, as
they are sessile filter feeders. This method is environmentally friendly as it requires
no feed input.

Ecosystem Services: As filter feeders, mussels play a vital role in water purification,
removing suspended particles and improving water quality in estuaries and coastal
areas.

Bio-indicators: Their ability to accumulate pollutants makes them useful as bio-
indicators for environmental monitoring programs.

By-products: Shells can be crushed and used as a source of calcium carbonate, or for
decorative purposes.

Pearl Culture (Limited): While not their primary economic importance, some

mussel species can produce pearls, though less valuable than those from oysters.
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STUDY OF FISH FARM DESIGN (CHART/MODEL)

STUDY OF FISH FARM DESIGN

LABORATIORY

HEADER TA
SANIKS| RADERIANG
SGAER HOMPE OFFICE

: | H BULDING
MNINTENANCE
AERATOR [] =1 SMEKEND
AERATOR L

WATER SURLY CHANNEL

BROOOSTOCX FEED SUMANE MAINIENANCE \
POND WORICHIOP

WATER SOURCE

QUARNATINE
POND

DRACHERY SECTION
LARIGIRRT 315906K

Nﬁ

AERATOR —1H#) o5 /

waTe v { HATCHERY TANKS
MES( CRESN D2 A% (BREEDING/SPAWIING)

NURSERY PONDS
(FRY TO FINGERLING)

1L T2

!
i \
| \
| 1
| |
| I
| |
| |
— — | |
INETFTTR | L ]E |
g /=32 !
Z IR ¢ ¢ FEEDAIS FHEM I;] E:] I
| ¥ J—1%
g : —_— —— Z $5
| |
3| |
|
|
|
|
|
|
|

GROW-OUT PONDS
(FINGERUNG
[ TO MARKET SIZE)

AuCaRcs
NUCITE
AKLASTK

1|1

DEANIE CHANOEL

I
[I:i [ e E—
W

FEEBING

AT AERATOR AERATOR

ABRUOR

ABNOTR

ABROTR
— novatemy

GROW-OUT PONDS
(FINGERLING TO MARKET SIZE)

fe— e— P — !
\ % L - :
\ B fj ayre—r
R ; GROW-OUT FONDS ;‘

SECRING AUTEEET
Fsunvan sisn-esseaer
INET FILTER

|
J e j M
= ® P~ o ﬂ 3 L’_[ RECIUCLATION LOOP
— HOLBING CONOONG / HARVESTING
24 TANK CRAMP
1/ EARTEN R
CONSTRAVFIO RUNG MPMRESYTEL CUD WETLAND (EPIIAAKIMENT)
FUTMEXIER
.
Ideal Fish Farm

1. Structure and Layout of Fish Pond
This refers to the overall arrangement and characteristics of the ponds within the farm.
A. Pond Types Based on Function
A well-designed fish farm often segregates different stages of fish growth into specialized
ponds to optimize conditions and management.
o Hatchery (or Breeding/Spawning Pond)
o Purpose: Where broodstock (parent fish) are kept for breeding, and eggs are fertilized
and hatched into larvae/fry.
o Structure/Layout on Chart/Model
= Size: Typically, smaller than nursery or grow-out ponds. They might be relatively
shallow or even indoor tanks, depending on the species and breeding method (e.g.,

hapa breeding, circular tanks for induced breeding).
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Shape: Often circular, rectangular, or square tanks for controlled breeding and
easy collection of eggs/larvae.

Features: Might show specific installations for egg collection, aeration, water
circulation, and temperature control (e.g., heaters).

Location: Often close to a water source and a laboratory/observation area for

close monitoring.

o Importance: Crucial for initial fish production, controlling reproduction, and

ensuring genetic quality.
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Types of Ponds used for fishery practices

e Nursery Pond

o Purpose: Where newly hatched fry is reared to fingerling size. This stage is critical

for high survival rates.
o Structure/Layout on Chart/Model

Size: Intermediate in size, larger than hatchery tanks but smaller than grow-out
ponds.

Shape: Usually rectangular or square, allowing for easy netting and management.
Depth: Often shallower than grow-out ponds (e.g., 0.5 to 1.5 meters) to promote
natural food production and easier monitoring of young fish.

Features: Might show fine mesh screens at inlets/outlets to prevent escape of

small fish, and provision for frequent water exchange.
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= Location: Situated to allow easy transfer of fingerlings to grow-out ponds.
Importance: Provides a protected environment for vulnerable fry, allowing them to
grow larger and stronger before being exposed to the rigors of a grow-out system,

significantly increasing survival.

e Grow-out Pond (Production Pond)

o

@)

Purpose: The main production units where fingerlings are grown to market size. This

is where the bulk of the economic value is generated.

Structure/Layout on Chart/Model

= Size: Largest ponds on the farm, often several acres in size for extensive or semi-
intensive systems, or smaller for intensive systems.

= Shape: Typically, rectangular, square, or irregular based on topography.
Rectangular ponds are common for ease of management and harvesting.

= Depth: Deeper than nursery ponds (e.g., 1.5 to 3 meters), providing stable
temperatures and more water volume.

= Features: Will prominently feature water inlets/outlets, possibly aerators, feeding
areas, and harvesting sumps (channels to collect fish during drainage).

= Location: Usually the most numerous ponds, strategically placed for efficient
water flow and access.

Importance: The core of the farm's production, where fish attain their marketable

size and weight.

B. Pond Shape and Orientation

Rectangular/Square: Most common for ease of construction, feeding, sampling, and
harvesting (especially with seining). Often oriented with the long axis perpendicular
to the prevailing wind for better aeration.

Circular: Used for high-intensity culture, allowing for self-cleaning due to circular
flow, but more complex to construct.

Irregular: Can be used in extensive systems where ponds conform to natural

topography, reducing construction costs.

C. Pond Bottom and Sides

Bottom Slope: A slight slope towards the drain facilitates complete drainage during
harvesting and cleaning. Charts would show cross-sectional views indicating this
slope.

Lining: Can be natural earth, clay (for impermeability), or artificial liners (e.g.,
HDPE, PVC) for intensive systems to prevent seepage and facilitate cleaning. Charts
would show cross-sections illustrating the lining.

Bunds (Embankments): Explained below.
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2. Water Inlet/Outlet
These are critical for water management, controlling water quality, and enabling
harvesting.
o Water Inlet
o Function: Brings fresh water into the pond.
o Structure/Layout on Chart/Model

= Location: Typically placed at one end of the pond, often at a higher elevation
than the pond bottom to allow gravity flow.

= Design: Can be a simple pipe, a sluice gate, or a channel. Often includes a
screen or filter to prevent the entry of wild fish, predators, or unwanted
debris/vegetation.

*  Pump/Gravity: Charts would show if water is supplied by pumps (for lifting
water from a source) or by gravity (if the source is higher than the farm).

o Importance: Essential for maintaining good water quality, replenishing dissolved
oxygen, diluting waste products, and controlling temperature.
e Water Outlet/Drainage System
o Function: Removes water from the pond, allowing for controlled water exchange,
drainage for harvesting, and cleaning.
o Structure/Layout on Chart/Model
* Location: Typically, at the deepest part of the pond, usually at the opposite end
from the inlet, allowing for complete drainage.
* Design
= Monk (or Sluice Gate/Standpipe): A common, vertical structure with
removable boards or a gate to control water level. It usually has a screen to
prevent fish escape during water exchange. Charts/models would show its
cross-section and its position relative to the pond bottom.

= Drain Pipe: A pipe leading from the monk to a common drainage channel or
directly to a discharge point.

» Harvesting Sump: Often a small, deeper collection pit at the base of the
monk/drain inside the pond. When the pond is drained, fish accumulate here,
making harvesting easier.

o Importance: Crucial for water quality management (flushing out metabolites),
disease control (draining and drying ponds), and efficient harvesting.
3. Bunds (Embankments)

These are the raised earth walls that define and contain the ponds.
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Importance:

(o]

(e]

(o]

(¢]

Water Retention: The primary function, holding water within the pond.
Accessibility: Provide access for farm operations (feeding, sampling, maintenance,
harvesting).

Protection: Act as barriers against predators and prevent fish escape.

Partitioning: Separate different ponds or sections of the farm.

4. Aerators

Devices used to increase the dissolved oxygen (DO) concentration in the pond water.

Purpose: Fish require sufficient dissolved oxygen to survive and grow. In intensive

systems, biological oxygen demand (BOD) from fish waste and feed can deplete DO

rapidly.

Types (on Chart/Model): Charts/models would show different types of aerators and

their placement.

@)

o

Paddle Wheel Aerators: Most common. A motor drives paddles that agitate the
water surface, incorporating atmospheric oxygen. Charts would show their
position (often in corners or along sides) and the splash they create.

Jet Aerators: Force water through nozzles, creating fine bubbles and mixing.
Diffusers (Air Blowers): Air is pumped through diffusers at the pond bottom,
creating small bubbles that rise and transfer oxygen. Charts would show tubing
laid on the pond bottom and an air compressor unit.

Aspirators: Draw air into a water stream, creating bubbles.

Placement: Usually strategically placed to ensure uniform oxygen distribution

throughout the pond, especially in areas of high fish density or poor circulation.

Importance

@)

o

Preventing Fish Mortality: Critical for preventing fish kills due to low oxygen.
Optimizing Growth: Adequate DO improves feed conversion ratio and growth
rates.

Supporting Biota: Essential for beneficial aerobic bacteria that break down
waste.

Increasing Stocking Density: Allows for higher stocking densities, increasing

farm productivity.
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FISHING CRAFTS: GILL NET, CAST NET, TRAWL NET,
LONG LINES, SEINE NET, DRIFT NET, PURSE SEINES
FISHING CRAFTS (FISHING GEAR)

Fishing gear refers to the tools and equipment used to capture aquatic organisms. The
selection of gear depends on the target species, their behavior, the fishing environment
(freshwater, marine, depth), and regulatory frameworks.

1. GILL NET

A gill net is a wall of netting, usually set vertically in the water column, designed to

entangle fish by their gills as they try to swim through it. The mesh size is crucial; fish of a

certain size range will be caught by their gill covers, getting stuck in the mesh.

e Structure/Components

o Netting: Made of monofilament or multifilament nylon.

o Floatline (Corkline): The top rope, with floats attached, that keeps the net upright in
the water.

o Leadline (Footline): The bottom rope, weighted with leads, that keeps the net
stretched vertically.

e Method of Operation

o Set Gill Net: Anchored to the bottom or attached to buoys at the surface, remaining
stationary.

o Drift Gill Net: Allowed to drift freely with the current, often fished at the surface or
mid-water, attached to a vessel. (Note: "Drift net" in your list refers to a type of gill
net, often large-scale, which has faced controversy).

o Target Species: Highly selective for fish within a specific size range. Used for a wide
variety of species, including salmon, tuna, cod, mackerel, and various freshwater fish.

o Advantages: Relatively simple to operate, low fuel consumption, size-selective.

o Disadvantages: Can be indiscriminate if not properly sized, potential for ghost fishing

(lost nets continue to catch), and bycatch of non-target species (including marine

mammals and birds). Large-scale drift nets have been banned in many international

waters due to high bycatch.
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2. CAST NET

A small, circular net with weights around its perimeter, designed to be cast by hand.

Horn Hand Line

Lead Line

e Structure/Components
o Circular Netting: Usually with a small mesh.
o Lead Line: A weighted rope around the circumference.
o Hand Line (Rope): Attached to the center of the net, held by the user.
o Brail Lines (Tuck Lines): Lines running from the lead line to a central point,
which pull the net closed when the hand line is retrieved.

e Method of Operation: Thrown over a school of small fish from a boat or shore. As it
sinks, the weights cause it to spread into a circle. Once it reaches the bottom or over
the fish, the user pulls the hand line, closing the net and trapping the fish inside.

o Target Species: Primarily small baitfish (sardines, anchovies, mullet) or small fish
for subsistence fishing in shallow waters.

o Advantages: Simple, inexpensive, effective for small schooling fish, environmentally
friendly when used judiciously.

o Disadvantages: Limited to shallow water, requires skill to cast effectively, small

catches.

3. TRAWL NET
A large, cone-shaped net is towed through the water by one or two boats. It's designed to

catch fish by filtering large volumes of water.

PELAGIC TRAWL BOTTOM TRAWL
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Structure/Components

o

o

o

o

o

Wings: The wide, open front sections.

Body: The main conical part of the net.

Codend: The narrow, closed end where the fish accumulate.

Doors (Otter Boards): Large, rectangular or curved plates that spread the mouth
of the net horizontally.

Floats & Weights: To keep the net open vertically.

Method of Operation

@)

Bottom Trawling: Towed along the seabed, often catching demersal (bottom-
dwelling) fish and shellfish. This can cause significant habitat disturbance.
Midwater Trawling (Pelagic Trawling): Towed in the mid-water column,

targeting schooling pelagic (open-ocean) fish.

Target Species: Wide variety of demersal fish (cod, haddock, flatfish, shrimp, crabs)

and pelagic fish (herring, mackerel, hake).

Advantages: Highly efficient for catching large quantities of fish, relatively low labor

per unit of catch.

Disadvantages: High potential for bycatch, can be damaging to seabed habitats

(bottom trawling), high fuel consumption, less selective.

4. LONGLINES

A long main line, often many kilometers long, to which numerous shorter lines (gangions

or snoods) with baited hooks are attached at regular intervals.

Structure/Components:

o

o

o

Main Line: A strong, long line.

Gangions/Snoods: Shorter lines attached to the main line.

Hooks: Baited hooks at the end of each gangion.

Floats & Anchors: To set the line at a specific depth (surface, mid-water, or

bottom).
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e Method of Operation: Set in the water and left to soak for several hours or
overnight, allowing fish to find and take the bait. The line is then retrieved, and fish
are unhooked.

o Target Species: Large predatory fish like tuna, swordfish, halibut, cod, sharks.

o Advantages: Highly selective for target species and size (depending on hook size and
bait), relatively low fuel consumption, less habitat impact than trawling (unless set on
sensitive bottoms).

o Disadvantages: Can have significant bycatch of seabirds (if not properly mitigated),
marine mammals, and non-target fish. Managing and setting/retrieving very long lines

can be labor-intensive.

5. SEINE NET
A long wall of netting, often with a bag or "bunt" in the center, is designed to encircle a

school of fish. It's operated by pulling the ends of the net together, often from shore or a boat.
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o Types
o Beach Seine (Shore Seine): Pulled from shore.
o Danish Seine/Scottish Seine (Fly Shooting): A boat deploys the net in a large

circle and then pulls the ropes and net from the boat, herding fish into the bag.

e Structure/Components: Similar to a long gill net but designed to enclose, not
entangle.
o Netting: Can vary in mesh size.
o Floatline & Leadline: To keep it vertical.
o Wings: The outer parts of the net.
o Bag/Bunt: The central, deeper part where fish accumulate.

o Method of Operation: Deployed to encircle fish. The net is then gradually hauled in,
trapping the fish in the bag.

o Target Species: Schooling fish in coastal areas (mullet, sardines, small pelagic fish)
and some demersal species (Danish seine).

o Advantages: Can be effective for specific schooling fish, less damaging to habitat

than trawling if operated correctly.
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o Disadvantages: Requires specific bottom conditions (for beach seines), can still have

bycatch, dependent on fish schooling behavior.

6. DRIFT NET
As mentioned under Gill Nets, a drift net is a type of gill net that is not anchored but
allowed to drift freely with the ocean currents, typically attached to a fishing vessel. They can

be very long.

i ™ AN

e Structure/Components: Same as a gill net (netting, floatline, leadline).

e Method of Operation: Deployed at night and retrieved in the morning.

o Target Species: Highly migratory pelagic species like tuna, marlin, swordfish, and
salmon.

e Advantages: Effective for wide-ranging species.

o Disadvantages: Highly controversial and largely banned internationally due to
"ghost fishing" (lost nets continue to catch indiscriminately) and massive bycatch of
marine mammals (dolphins, whales), seabirds, and non-target fish. The term "large-

scale high seas driftnet fishing" refers to nets over 2.5 km in length.

7. PURSE SEINE
A very large net designed to encircle a school of fish, and then its bottom is drawn

together (pursed) to enclose the fish completely, like a drawstring purse.
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e Structure/Components
o Netting: A long, deep wall of netting.
o Floatline: Top line with numerous floats.
o Leadline: Bottom line with weights.
o Purse Rings: Rings attached to the leadline through which a "purse line" runs.
o Purse Line: A strong cable that runs through the purse rings, allowing the
bottom of the net to be closed.

e Method of Operation: A vessel (seiner) encircles a school of fish (often located
using sonar or spotter planes). The net is rapidly deployed around the school. Once
the circle is complete, the purse line is hauled in, drawing the bottom of the net closed
and forming a "bag" that traps the fish. The net is then brought alongside the vessel,
and the fish are pumped or scooped onboard.

o Target Species: Highly efficient for large schools of pelagic fish such as tuna,
sardines, mackerel, anchovies, herring, and salmon.

e Advantages: Extremely efficient for large schools, can catch huge volumes of fish,
relatively low bycatch if targeting pure schools and using methods to avoid non-target
species (e.g., FAD-free tuna purse seining).

o Disadvantages: Can result in large bycatch if set on mixed schools or around Fish
Aggregating Devices (FADs) that attract various species, requires large vessels and

specialized equipment, can lead to overfishing if not managed properly.

61



Bhumi Publishing, India

GOAT FARMING AND DAIRY SCIENCE
STUDY OF GOAT BREEDS:

SIROHI, JAMUNAPARI, OSMANABADI, BOER, BEETAL, SAANEN

Goat Farming and Dairy Science: A. Study of Goat Breeds

This study focuses on identifying and understanding the unique characteristics and

economic utility of different goat breeds. For each breed, you'd typically examine:

Origin and Distribution: Where the breed comes from and where it's commonly found.

Morphological Characteristics: Distinctive physical features like size, color, horn

presence/shape, ear type, hair coat.

Production Traits: Primary use (meat, milk, fiber, or dual-purpose), average milk yield,

growth rate, prolificacy (number of kids per kidding).

Adaptability: Resistance to diseases, tolerance to different climates/environments.
. SIROHI

et

e Origin and Distribution: Native to the Sirohi district of Rajasthan, India, and also

found in parts of Gujarat. It's well-adapted to the arid and semi-arid regions of these

states.

e Morphological Characteristics

O

(@]

Size: Medium-sized breed.

Color: Predominantly brown in various shades, often with light brown patches
or spots (piebald markings). Sometimes entirely brown or white.

Ears: Flat, leaf-like, and medium-sized, generally drooping downwards.

Horns: Both sexes possess short, curved horns, generally directed upwards and
backwards.

Coat: Short, coarse hair.

Face: Slightly convex (Roman nose) is sometimes observed.
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e Production Traits

O

O

(@]

Primary Use: Dual-purpose (meat and milk). Highly valued for meat due to
good growth rate and feed conversion. Also provides a moderate amount of milk.
Milk Yield: Moderate, typically 0.5-1.0 kg/day.

Kidding: Good prolificacy, often producing twins.

o Adaptability: Known for its hardiness, resistance to common diseases, and ability to

thrive in harsh, hot, and dry conditions with limited fodder availability.

2. JAMUNAPARI

e Origin and Distribution: Indigenous to the Yamuna riverine tracts (hence

"Jamunapari") of Uttar Pradesh, India (especially Etawah district). Also popular in

other parts of India and widely exported.

e Morphological Characteristics

(@]

O

Size: Very large and majestic, one of the largest Indian goat breeds.

Color: Variable, but typically white or cream, with patches of tan, black, or
brown on the head and neck.

Ears: Very long, flat, and pendulous (drooping), often folded, resembling a "leaf"
or "banana" shape. They can touch the ground if the goat lowers its head.

Horns: Short, flat, and curved, generally pointing backward. Some animals may be
polled (hornless).

Face: Distinctive highly convex or Roman nose, giving it a regal appearance.
Legs: Long, often with long hair on the hind legs (known as "feathering" or
"hairy breeches").

Udder: Well-developed udder with long teats.
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e Production Traits

O

O

(@]

Primary Use: Dual-purpose (milk and meat). Renowned as a dairy goat, often
called "poor man's cow." Also good for meat due to its large size.
Milk Yield: High, typically 2.0-3.0 kg/day, with some individuals yielding more.

Kidding: Often single kids, sometimes twins.

o Adaptability: Adapted to extensive grazing systems. While hardy, they prefer

warmer climates and good fodder.

3. OSMANABADI

e Origin and Distribution: Native to the Osmanabad district of Maharashtra, India.

Widely distributed across Maharashtra and neighboring states.

e Morphological Characteristics

@)

o

o

o

Size: Medium to large size.

Color: Predominantly black, but variations like brown, white, or spotted are also
seen.

Ears: Medium-sized, flat, and drooping downwards, but not as long as
Jamunapari.

Horns: Both sexes possess backward-curving horns of medium length.

Coat: Short and coarse hair.

¢ Production Traits

o

Primary Use: Primarily a meat breed, known for its good body weight and high
dressing percentage. Also provides a moderate amount of milk, making it dual-
purpose.

Milk Yield: Moderate, around 0.5-1.0 kg/day.

Kidding: Highly prolific, known for high twinning and even triplets, which

contribute to its meat production potential.
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e Adaptability: Very hardy and well-adapted to various climatic conditions, including

semi-arid and tropical regions. Known for good disease resistance and scavenging

ability.

4. BOER

e Origin and Distribution: Developed in South Africa. It's a globally recognized and

highly popular meat goat breed, widely introduced to many countries, including

India, for commercial meat production.

e Morphological Characteristics

o

e}

o

o

o

o

Size: Very large and heavily muscled, renowned for its substantial build.

Color: Distinctive coloration: white body with a reddish-brown head and a
white blaze on the face. Color variations (e.g., solid red, pied) exist but are less
common for purebreds.

Ears: Long, broad, and pendulous (drooping).

Horns: Strong, thick, and backward-curving horns.

Face: Strong, often Roman nose.

Body: Very well-fleshed, compact, and muscular, reflecting its primary purpose.

e Production Traits

o

o

o

Primary Use: Exclusively a meat breed. Exceptional growth rate, superior feed
conversion efficiency, and excellent carcass quality. Often used for cross-breeding
with indigenous goats to improve meat production traits.

Milk Yield: Low, only sufficient for raising its kids.

Kidding: Good prolificacy, typically twins.

o Adaptability: Relatively hardy, but generally requires better management and

nutrition compared to indigenous breeds, especially in intensive farming systems.
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5. BEETAL

e Origin and Distribution: Originates from the Punjab region of India and Pakistan.

It's one of the largest and most prominent Indian dairy goat breeds.

e Morphological Characteristics:

o

o

o

Size: Large-sized breed, comparable to Jamunapari but generally slightly less
robust.

Color: Highly variable, common colors include black with white spots, brown,
red, or mottled (mix of colors).

Ears: Long, broad, and pendulous (drooping), similar to Jamunapari but often
less curled.

Horns: Medium-sized, spirally twisted, and directed backward and upward.
Some individuals can be polled.

Face: Prominent, often Roman nose.

Udder: Well-developed and capacious udder, indicating good milk production.

¢ Production Traits

o

o

Primary Use: Dual-purpose (milk and meat), but primarily valued as a dairy
breed. It's often referred to as the "dairy goat of India." Also has good meat
qualities due to its size.

Milk Yield: High, typically 1.5-2.5 kg/day, making it one of the best milk
producers among Indian breeds.

Kidding: Good prolificacy, often twins.

o Adaptability: Well-adapted to plains and semi-arid regions. Relatively hardy but

thrives best under semi-intensive or intensive management with good feed.
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6. SAANEN

e Origin and Distribution: Originates from the Saanen Valley in Switzerland. It is the

world's most widely recognized and highest milk-producing dairy goat breed,

found in almost every country with a dairy goat industry.

e Morphological Characteristics:

(@]

O

Size: Large-sized and elegant, with a refined appearance.

Color: Distinctive pure white or creamy white (no spots or patterns).
Occasionally, a "biscuit" patch may be seen.

Ears: Medium-sized, erect, and alert, pointing slightly forward. This is a key
distinguishing feature from pendulous-eared Indian breeds.

Horns: Usually polled (hornless), but horned individuals can occur.

Face: Straight or slightly dished face.

Hair: Short, fine hair, sometimes with a fringe of longer hair on the back and
thighs.

Udder: Exceptionally large, well-attached, and capacious udder with well-placed

teats.

¢ Production Traits

(@]

O

O

O

Primary Use: Exclusively a dairy breed. Unmatched milk production globally.
Milk Yield: Very high, typically 3.0-5.0 kg/day, with top producers exceeding this
significantly. Known for persistent lactation.

Milk Quality: Milk has a lower fat content compared to some other breeds.

Kidding: Good prolificacy, often twins or triplets.

e Adaptability: Prefers cooler climates. Requires excellent management, high-quality

feed, and clean housing for optimal production. Can be more susceptible to heat stress

in hot, humid climates.
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STUDY DAIRY PRODUCTS: MILK, CURD, GHEE, PANEER, CHEESE, KHOA
Study of Dairy Products

This study aims to provide a detailed understanding of common dairy products,

covering their raw material (milk), processing methods, physical and chemical properties, and

economic significance.

PANEER CHEESE

1. MILK

e Description: The primary raw material for all other dairy products. It's a complex

biological fluid secreted by the mammary glands of mammals. In dairy science, it

typically refers to milk from cows, buffalo, goats, or sheep.

o Composition

(@]

O

(@]

(@]

O

Water: Approximately 87-88%

Lactose (Milk Sugar): Around 4.5-5.0% (primary carbohydrate)

Fat: Highly variable (e.g., 3.5-6.0% for cow milk, 6.0-9.0% for buffalo milk).
Present as tiny globules in an emulsion.

Proteins: Around 3.2-3.5% (Caseins ~80%, Whey proteins ~20%). Caseins are
responsible for curd formation.

Minerals: (Calcium, Phosphorus, Potassium, etc.) ~0.7%

Vitamins: (A, D, B vitamins, etc.)

e Processing (for liquid consumption)

O

O

Chilling: Rapid cooling to 4°C to inhibit microbial growth.

Clarification/Filtration: Removal of suspended impurities.
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Standardization: Adjusting fat content to meet legal requirements (e.g., skim,
toned, full cream milk).

Homogenization: Breaking down fat globules into smaller, uniform sizes to prevent
cream separation (creaming up) and improve mouthfeel.

Pasteurization: Heating milk to specific temperatures for a set time to kill
pathogenic microorganisms and extend shelf life (e.g., LTLT: 63°C for 30 min;
HTST: 72°C for 15 sec; UHT: 135-150°C for a few seconds).

Packaging: Aseptic packaging for UHT, regular packaging for pasteurized milk.

Economic Importance: Staple food globally, source of essential nutrients, massive

industry providing livelihoods from farm to processing.
2. CURD (DAHI IN INDIA)

Description: A fermented milk product, semi-solid in consistency, produced by the

action of lactic acid bacteria on milk.

Process

1.

S.

Heating Milk: Milk is typically boiled and then cooled to a lukewarm
temperature (around 40-45°C).

Inoculation (Setting): A small amount of previous curd (starter culture) or a
commercial bacterial culture (containing Lactococcus lactis, Streptococcus
thermophilus, Lactobacillus bulgaricus, etc.) is added.

Incubation: The milk is left undisturbed at a warm temperature (30-45°C) for
several hours (e.g., 6-10 hours).

Coagulation: Lactic acid bacteria ferment lactose into lactic acid, which lowers
the pH. This causes the casein proteins to coagulate and form a gel, resulting in
the semi-solid curd.

Cooling: Once set, the curd is refrigerated to slow down further fermentation.

Composition: Similar to milk but with reduced lactose, increased acidity, and altered

protein structure. Contains live beneficial bacteria.

Economic Importance: Widely consumed as a food item, base for many traditional

dishes (Raita, Lassi), probiotic benefits, significant part of dairy consumption in many

cultures.

Description: Clarified butterfat, anhydrous (almost water-free). A traditional fat

popular in South Asia and the Middle East.

Process (Traditional)

1.
2.

Butter/Cream Source: Starts with butter or cream (often from curd /dahi).

Slow Heating: Butter/cream is gently heated.
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3. Separation: As heating continues, water evaporates, and the milk solids (proteins,
lactose) separate and settle at the bottom or collect on the surface as foam.

4. Clarification: Heating continues until all moisture is removed and the milk solids
turn golden brown. The clear fat is then carefully decanted or filtered.

5. Cooling & Granulation: The liquid ghee is cooled, forming characteristic
granules upon solidification (a sign of good quality).

Composition: Almost 99.5% fat. Contains fat-soluble vitamins (A, D, E, K).

Economic Importance: Valued for its distinct flavor, high smoke point (suitable for

frying), long shelf life, and traditional/cultural significance in cooking and rituals.

High commercial value.

4. PANEER

Description: A fresh, unripe cheese, common in Indian cuisine. It's a non-melting,

non-fermented, acid-coagulated cheese.

Process

1. Heating Milk: Full-fat milk is heated to near boiling (90-95°C).

2. Coagulation: An acidic coagulant (lemon juice, vinegar, citric acid solution, or
sour whey) is added to the hot milk. The acid lowers the pH, causing the casein
proteins to coagulate into curds.

Separation: The curds separate from the greenish-yellow liquid whey.

4. Draining & Pressing: The curds are collected in a cheesecloth, excess whey is
drained, and the curds are pressed underweight to form a firm block.

5. Chilling: The block of paneer is chilled to firm up its texture.

Composition: High in protein and fat, low in lactose.

Economic Importance: Versatile ingredient in Indian vegetarian dishes (curries,

snacks, desserts). Good source of protein, especially important in vegetarian diets.

5. CHEESE

Description: A diverse group of fermented and ripened milk products, produced by

coagulating milk protein (casein) and separating it from the whey. There are

thousands of varieties worldwide.

General Process (variations exist for each type):

1. Milk Preparation: Milk (cow, goat, sheep, and buffalo) is often pasteurized,
standardized, and sometimes homogenized.

2. Starter Culture Addition: Specific lactic acid bacteria cultures are added to
ferment lactose and produce lactic acid.

3. Rennet Coagulation: Rennet (an enzyme, traditionally from calf stomachs, now

often microbial) is added to coagulate the casein proteins, forming a solid curd.
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4. Cutting the Curd: The soft curd is cut into small pieces to release more whey.
Cooking (Heating): The curds are gently heated to further expel whey and firm
up the curd.

6. Draining/Pressing: Whey is drained, and the curds are often pressed to remove
more whey and form a solid mass.

7. Salting: Salt is added for flavor, preservation, and to control microbial growth.
Shaping: The cheese is formed into its characteristic shape (blocks, wheels, etc.).

9. Ripening/Aging (Maturation): The most critical stage. Cheese is stored under
controlled temperature and humidity for weeks, months, or even years. During this
time, enzymes (from rennet, milk, and microbes) break down proteins and fats,
developing the unique flavor, aroma, and texture of the specific cheese variety.
(Fresh cheeses like cottage cheese or cream cheese skip this step).

Composition: Highly variable depending on type, but generally concentrated in

protein and fat, with very low or no lactose in aged cheeses.

Economic Importance: Global staple food, vast culinary applications, major export

commodity for many countries, provides significant economic activity from dairy

farming to processing and retail.

6. KHOA (MAWA)

Description: A concentrated milk product, traditionally made by slowly evaporating

milk in an open pan until it reaches a semi-solid consistency. It forms the base for

numerous Indian sweets.

Process

1. Milk Heating: Full-fat milk (often buffalo milk due to higher solids) is taken in a
large, shallow, heavy-bottomed pan (karahi).

2. Slow Evaporation: The milk is continuously stirred over a moderate flame to
prevent scorching. Water evaporates, and the milk thickens.

3. Concentration: Stirring becomes more vigorous as the milk thickens, preventing
lumps and ensuring uniform evaporation.

4. Final Stage: Heating continues until the milk solids reach a pasty, semi-solid,
crumbly consistency that leaves the sides of the pan.

5. Cooling: The khoa is removed from heat and cooled.

Composition: Highly concentrated milk solids. Typically contains 25-30% moisture,

20-25% fat, and 20-25% protein, and about 30-35% lactose.

Economic Importance: Essential ingredient in a vast array of Indian sweets (e.g.,

gulab jamun, peda, barfi), major component of the traditional Indian dairy market.
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PARASITOLOGY
ASCARIS
e Morphology (Male, Female, Sexual dimorphism)
e Life cycle
e Parasitic adaptations are explained in detail
Parasitology: A. Ascaris (Ascaris lumbricoides)

Ascaris lumbricoides is the largest nematode (roundworm) parasitizing the human
intestine. It causes a condition known as ascariasis, which is a significant public health
problem, especially in tropical and subtropical regions with poor sanitation.

a. Morphology (Male, Female, Sexual Dimorphism)
Ascaris worms are cylindrical, elongated, and have a smooth, tough cuticle (outer

covering). They taper slightly at both ends.

Mouth
Excretory Pore

Mouth

Excretory Pore

Lateral Line

Cloaca

Penial Spicules
Tail

FEMALE AND MALE ASCARIS
1. MALE ASCARIS

e Size: Generally smaller than the female. Typically measures about 15-30 cm in length
and 2-4 mm in diameter.

e Posterior End: The most distinctive feature is its ventrally curved (hooked) posterior
end.

e Spicules: Possesses two chitinous copulatory spicules (penial spicules) that protrude
from the cloaca (a common opening for digestive and reproductive tracts) at the
posterior end. These are used to hold open the female's genital pore during copulation.

e Cloaca: A common opening for the digestive and reproductive systems.

e Genital Papillae: Small, sensory structures (pre-anal and post-anal papillae) are present

near the cloaca.
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2. Female Ascaris

Size: Larger and more robust than the male. Measures about 20-49 cm in length
and 3-6 mm in diameter.

Posterior End: The posterior end is straight and conical, not curved.

Vulva (Genital Aperture): A distinct transverse slit located approximately one-third
of the body length from the anterior end. This is where the female receives sperm and
lays eggs.

Anus: A separate opening at the posterior end, distinct from the vulva.

Reproductive System: Highly prolific, with two long, convoluted uteri that fill most

of the body cavity, containing millions of eggs.

3. Sexual Dimorphism (Key Differences between Male and Female)

Size: Female is significantly larger and thicker than the male.

Posterior End: Male's posterior end is curved ventrally with spicules; female's is
straight and conical.

Genital Opening: Male has a cloaca at the posterior end; female has a vulva one-
third down the body and a separate anus at the posterior end.

Reproductive Structures: Male has testes and spicules; female has ovaries, oviducts,

and a large, egg-filled uterus.

b. Life Cycle (Ascaris lumbricoides)

/

Mature Adult worms
in small intestine

VO
Eggs passed

Coughed up and in feces
swallowed again

—

Larvae burrow through LIFE CYCLE

capillaries reach alveoli OF

ASCARIS LUMBRICOIDES
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Egg ingested

/
/ in contaminated
S \ food and water

Reach lung
through portal
circulation

-

Larvae emerge in
small intestine
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Ascaris lumbricoides has a direct life cycle, meaning it does not require an intermediate

host. It's a complex cycle involving migration through the human body.

1. Egg Stage (in Environment)

(o]

Unembryonated Eggs: Adult female worms in the human intestine lay a prodigious
number of unembryonated eggs (200,000 per day!). These eggs are passed in the feces
of an infected person.

Embryonation/Larvation: When passed in feces, the eggs are not immediately
infective. They require specific environmental conditions (warmth, moisture, shady
soil) to develop. Within 2-4 weeks (depending on conditions), a first-stage larva (L1)
develops inside the egg, which then molts to a second-stage larva (L2), which is the

infective stage. The egg containing the L2 larva is called an embryonated egg.

2. Infection of Host (Human)

o

Humans become infected by ingesting infective embryonated eggs from contaminated

soil, water, or food (e.g., unwashed vegetables).

3. Hatching and Larval Migration (in Human)

(o]

Hatching: Once ingested, the embryonated eggs hatch in the small intestine, releasing
L2 larvae.

Penetration & Hepatic Portal System: The L2 larvae penetrate the intestinal wall
and enter the hepatic portal system (blood vessels leading to the liver).

Liver & Heart: They are carried to the liver, where they remain for 3-4 days and
undergo a molt to L3 larvae. From the liver, they travel through the bloodstream to the
heart.

Lungs: From the heart, they are carried to the lungs via the pulmonary arteries. Here,
they break out of the capillaries into the alveoli (air sacs).

Alveolar Molt & Migration: In the alveoli, the larvae grow, feed on blood, and
undergo another molt (to L4 larvae). They then migrate up the bronchial tree, trachea,
and into the pharynx.

Swallowing: The larvae are coughed up and then swallowed back down the

esophagus.

4. Adult Stage (in Intestine)

(o]

Intestinal Development: The swallowed L4 larvae pass through the stomach and
reach the small intestine, where they mature into adult male and female worms.

Sexual Maturation & Reproduction: Within 6-10 weeks after infection, the adult
worms become sexually mature, mate, and the female begins laying eggs, completing

the cycle.
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c¢. Parasitic Adaptations

Ascaris lumbricoides exhibits several remarkable adaptations that allow it to survive

and thrive as an endoparasite

(a) Morphological adaptations

1.
2.

The body is long and cylindrical, pointed at both ends.

The mouth is bounded by three lips which help the parasite to attach with mucous
membrane of the host’s intestine.

The parasite is devoid of Locomotory organs as the parasite lives in the intestine
where protection from enemies and food supply are ensured.

The body wall of Ascaris is covered with cuticle, resistant to the digestive enzymes of

the host.

(b) Anatomical adaptations

1.

The pharynx is muscular that facilitates ingestion of food by sucking action. There are
no digestive glands.

Sense organs are ill-developed, being found only on lips in the form of papillae.

The digestive tract is simple without provision for storage, as there is constant supply
of food.

(c) Physiological adaptations

1.

The body wall is covered with tough, thick and resistant cuticle, shields against the
digestive enzymes of the host and antitoxins.

Ingested food of this parasite is pre- digested, so that there are no elaborate digestive
glands.

The respiration is almost entirely anaerobic. Extremely low metabolic rate and
anaerobic respiration enable the worm to live inside the host’s intestine, where the
free oxygen is negligible.

Reproductive system of Ascaris is well- developed and numerous eggs are produced
to make up for the poor chances of the right host being reached.

The eggs are covered with resistant covering or chitinous shell which provides safety
to the zygote and embryonated eggs from unfavorable environmental factors.

The minute size and resistant nature of eggs make them to withstand prolonged

dryness and cold. The minute size eggs afford far and wide dispersal of the parasite.
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