
UNIT 4

Feed Technology, Feeding Experiments and 
Standards

1. Processing of Concentrates
2. Processing of Roughages
3. Feeding Experiments
4. Feeding Standards
5. Conservation of Feed through Silage and Hay





simplest and least expensive

by means of a hammer mill.

vary from fine to coarse depending upon mesh size of the sieve/screen.

Very fine grinding= dusty and less palatable





● Grinding increased surface area thereby improved digestibility.

● Improved performance of animals by increasing nutrient utilization.

● Grinding makes mixing uniform and more efficient.

● Using grounded material makes pelleting and extruding easy, more

effective, and efficient.

● Grinding reduced risk of particle segregation.

● /avoided by the grinding of grains. Selective feeding and risk of wastage by

livestock will be minimized

● Grinding improves palatability.

● Grinding reduce energy loss occurs during mastication

Advantages















• Steam conditioning is a process where grains are exposed 
to steam at 210-215°F for 8 to 20 minutes.

• subjecting grains to 22-60 psi pressure for 50 seconds to 2 
minutes is a conditioning method aimed at enhancing their 
quality by improving moisture absorption, digestibility, and 
overall nutritional value.







































1. What is the main purpose of chopping or chafing roughages?

● a) To increase moisture content

● b) To improve ruminal digestion by increasing surface area

● c) To decrease feed bulk density

● d) To reduce the rate of fermentation

2. Which process involves treating straw with urea to release cellulose from lignin bondage for

digestion?

● a) Ca(OH)2 + NaOH treatment

● b) Pelleting

● c) Urea treatment

● d) Cubing/block and wafering

3. What is the disadvantage of finely grinding fodder plants for pelleting?

● a) Increased palatability

● b) Reduced normal rumen functions and rumen pH

● c) Increased mastication time

● d) Improved salivary secretion



4. Which method is most economical and easiest for chemical treatment of roughages?

● a) Urea treatment

● b) Sodium hydroxide treatment

● c) Potassium hydroxide treatment

● d) Anhydrous ammonia treatment

5. What is the purpose of white-rot fungi in biological processing of roughages?

● a) To increase moisture content

● b) To improve the palatability

● c) To degrade lignin in lignocellulosic straws

● d) To reduce the protein content

6. What temperature range is used for dehydration of roughages in a dehydrator?

● a) 600-1500°F

● b) 300-500°F

● c) 150-250°F

● d) 100-200°F



7. Which of the following fungi can degrade 65-75% of lignin in lignocellulosic straws?

● a) Ganoderma applanatum

● b) Phanerochaete chrysosporium

● c) Coprinus fimetarius

● d) Pleurotus spp

8. In the Karnal process, what is mixed with urea-treated cereal straw before inoculating it

with Coprinus fimetarius?

● a) Sodium hydroxide

● b) 1% single superphosphate and 0.1% calcium oxide

● c) Anhydrous ammonia

● d) Potassium hydroxide

9. Which processing method involves spraying water on roughages to soften the stem and

improve palatability?

○ a) Grinding

○ b) Soaking

○ c) Baling

○ d) Cubing



3. Feeding Experiments

1.Comparative feeding trials

Two or more rations may be compared with growth and

production.

For two rations, ‘t’ test is used

three or more rations ”analysis of variance” test is applied

2. Feeding trials with laboratory animals ( like rats, mice, hamsters

etc.)

● Low cost and the shorter time, easy



3. The purified diet method

A. Purified diets = lab animals.

B. purified sources of the various nutrients.

C. For example

★ Carbohydrates is supplied as starch, glucose or sucrose

★ Protein is supplied as Casein, Purified soybean, urea

★ Fat as lard or some oil

★ Minerals a chemically pure salts

Vitamins as pure crystalline compounds



3.3 Experimental designs

● Completely Randomized Design (CRD)

● Randomized Block Design (RBD)

● Latin Square Design (LSD).

1. CRD: Treatments are completely at random so that each

experimental unit has the same chance of receiving any one

treatment.

2. RBD: Experimental units are grouped into blocks, with the

different treatments to be tested randomly assigned to the units in

each block. Data analysis is simple and easy to understand.

3. LSD: Experiments to minimize the number of animals required to

detect statistical differences.





A.In-vivo methods:
1. Direct in-vivo method

a.By digestion – only feces collection – ruminants
b.By metabolism trial – feces and urine (and milk in milch 

animals) both collection - poultry
Norms of trials:

a. Animals: homogenous, four (minimum), male are 
preferred (collection of urine and feces easy)

b. Preliminary period: 7-14 days in ruminants and 2-5 days 
in pigs.

c. Collection period: 5-7 days (7-10 days sometime)



1. Indirect in-vivo method:

a. By Difference: difference of nutrient intake and fecal excretion is 
considered.

1. Maintenance ration: one trial is conducted. Ration that maintains 

constant BW   is given and dig. is estimated.

2. Productive ration: 2 digestion trials (e.g. concentrate) are conducted. 

a. Trial 1 = (maintenance ration) and 

b. Trial 2 = (maintenance + production ration). 

c. So, Dig% = (Trial 2 – Trial 1).

3. Non-maintenance ration : 3 digestion trial (e.g. wheat straw)
a. Trial 1 = (maintenance ration)
b. Trial 2 = (maintenance + production ration)
c. Trial 3 = (Non-maintenance + production ration)
d. Dig% = Trial 3 - (Trial 2- Trial 1)



Drawback of difference method:
1. Associative effect of feeds:
Addition of productive ration (protein cake/ grains) may
influence digestibility of basal/ maintenance ration or non-
maintenance ration (wheat straw)
2. Digestibility in poultry:
• By surgical mean: separate urine and feces
• By chemical method: Urine N- uric acid and Fecal N – true 
protein



b. By Indicator/ markers: inert reference substance
• Ideal marker:
➔totally indigestible and non-absorbable
➔no pharmacological action on GIT (inert)
➔mix intimately and uniform distribution
➔uniform rate of pass through tract  even a small amount of feces 

collected at any time gives an amount of nutrient per unit of 
marker.

➔voided completely
➔can be determined chemically in feces
➔natural constituent of feed – preferable



Indicator

Internal External

Natural constituent of feed Not natural constituent of feed

Lignin Chromic oxide (Cr2O3)

Silica Ferric oxide

Acid insoluble ash Radioactive isotopes: Cr51, 
Ce144



Estimation of Feed intake in grazing animals
Digestibility= internal indicator (lignin)
Fecal output= external marker (Cr2O3)
Chromic oxide capsule – fed and then sampling at different 
intervals to know avg. conc per unit of feces.
Feces output: Marker consumed (g/d)/Marker conc. (g/g 
feces)
Digestibility % = 100 - % Indigestibility = (intake –
output/intake x 100)
Intake: (Output/% Indigestibility) x 100



B. Laboratory:
1. in sacco / semi in-vivo method/ in-situ technique
• Only ruminal digestion 
• Fistulated animals: at least 3
a. Bag technique: 
• Bag : nylon, dacron or silk – kept in rumen
• Important parameters of in sacco method:

Bag size: 6.5 x 14 cm (may be larger)
Porosity of bag: 40-60 μm
Feed particle size: 1-2 mm
Sample size to bag surface area: 10-20 mg/cm2

Limitation: effect of mastication, rumination and transit not considered



b. VIVAR technique: in-vivo artificial rumen. 

Limitation of semi-in vivo method: effect of mastication, rumination and 

transit not considered.

Factors that affect the degradability of feed in nylon bag technique:

● Particle size- 1-2 mm screen.

● Bag porosity- 40-60 um

● sample size to bag surface ratio- 10-20 mg/cm2

● Diet of the animal

● Bags per animal

● Numbers of animals- 3 fistulated animals 
● Positioning of bags in the rumen
● Incubation length-depend on the type of the feed
● Timing of bag introduction in the rumen and pre ruminal soaking



2. in-vitro rumen fermentation technique
1. One-stage technique: feed + rumen liquor + artificial saliva – 39oC / 
anaerobic condition
2. Two stage technique: 1st stage: rumen fermentation  foregut digestion

2nd stage: acid- pepsin solution  hindgut digestion

Important Facts
• In-vitro gas production system : Menke and Steingass (1988)  Menke’s 
method
• Drawback: feed intake, palatability not considered
• Use of in-vitro rumen fermentation technique:

: Rapid screening of large no. of samples
: Evaluation of newer/ unconventional feeds

Drawback of in-vitro technique: feed intake, palatability and associative 

effects of feed ingredients not considered



1. Determination of digestibility of feed in following species is complicated: UTTARAKHAND 
VO – 2024

a)     Cattle
b)     Buffalo
c)     Poultry
d)     Swine

2. The collection period for digestibility trial of large ruminant should be        (J&K 
2012)

(A) 7-10 days
(B) 10-14 days
(C) 5-7 days
(D) 20-22 days

3. if an animal consumes 5 kg Dry matter and excretes 6 kg of feces with 50% moisture, the 
digestibility coefficient will be: PUNJAB 2016

a) 40%
b) 50%
c) 60%
d) None of the above



4. Which method is used to compare two rations in a comparative feeding trial?

○ a) Analysis of variance (ANOVA)
○ b) t-test
○ c) Chi-square test
○ d) Regression analysis

5. What is an advantage of using laboratory animals like rats or mice in feeding trials?

○ a) Higher cost
○ b) Lower cost and shorter time
○ c) Difficult to slaughter
○ d) Higher variability between animals

6. What is the source of protein in purified diets used for feeding trials with lab 
animals?

○ a) Casein
○ b) Lignin
○ c) Glucose
○ d) Minerals



7. In which experimental design are treatments assigned completely at random to experimental units?

○ a) Latin Square Design (LSD)
○ b) Completely Randomized Design (CRD)
○ c) Randomized Block Design (RBD)
○ d) Factorial Design

8. Which of the following methods involves collecting both feces and urine in metabolism trials?

○ a) Feces collection method
○ b) Metabolism trial method
○ c) Bag technique
○ d) VIVAR technique

9. What is the purpose of using chromic oxide as a marker in digestibility trials?

○ a) It is a natural feed constituent
○ b) It is completely digestible
○ c) It is indigestible and used as a reference substance
○ d) It has a pharmacological action on the digestive tract

10. In the in-sacco method for measuring digestibility, what is the recommended porosity of the nylon 
bag?

○ a) 10-20 µm
○ b) 40-60 µm
○ c) 80-100 µm
○ d) 100-150 µm



Feeding standards
A. Comparative type B. Digestible- Nutrient system C. Production-value type

Compare different feeds 
to a standard one

Feeding based upon digestible 
portions of nutrients in different 
feed.

Based upon efficiency of

feed to increase productivity.

1.    Hay standard

2.    Scandinavian feed 
Unit” Standard

1. Grouven’s Feeding standard

2. Wolff’s feeding standard

3. Wolff’s Lehmann feeding standard

4. Haeckers’s Feeding standard

5. Savage feeding standard

6. Morrison standard

7. National Research Council standard

8. Indian standard

1.  Kellner-feeding standard

2.  Armsby feeding standard

3.  Agricultural and Food 
Research Council standard.

Classification of feeding standards



A. COMPARATIVE TYPE

1. Hay standard: by Thaer In 1810

● Different feeds should be compared using meadow hay as a unit.

● The only measure was the practical feeding experience.

2. Scandinavian “feed unit” standard: By Professor Fjord In 1884

● only the feed unit was taken.

● The value of one pound of common grain such as corn, barley or

wheat, is given as one unit value and the value of all other foods is

based upon this.



B. DIGESTIBLE NUTRIENT SYSTEM

1. Grouven’s feeding standard

● with crude protein, carbohydrates and fat

2. Wolff’s feeding standard: by Dr. Emil Von Wolff In 1864

● Based on digestible protein, digestible carbohydrates and digestible

fats.

● This standard is an improvement over the standard of Grouven,

● It does not consider the quantity and quality of milk produced.



3. Wolff’s Lehmann feeding standard:

quantity of milk produced, but not quality of milk.

4. Haecker’s feeding standard

● First time considered quantity as well as the quality of milk

● First to separate the requirements for maintenance from the

requirements of production.

● included digestible crude protein, carbohydrates and fats.

● Later it was expressed in digestible crude protein and total

digestible nutrients.



5. Savage feeding standard

● Based on nutritive ration

● The nutritive ratio should not be wider than 1:6 or narrow than 1:4.5.

● About two-thirds of the dry matter should be from the roughages and

one-third from the concentrates.

Nutritive ratio: NV = DCF + DNFE + (DEEx2.25) / DCP = TDN – DCP/ DCP

Where, TDN= DCF+DCP+DNFE+ (DEEx2.25)

● Protein rich feeds: Narrow NV e.g. protein cakes.

● Poor protein feeds: wider nutritive ratio e.g. roughages.



6.   Morrison feeding standard

expressed in terms of Dry Matter (D.M.), Digestible crude Protein (DCP) and (TDN).

● net energy values instead of TDN in computing rations were also included.

● allowances for calcium, Phosphorus and Carotene

● accepted for Indian livestock.

7. National Research Council (NRC) standard: includes digestible protein and total

digestible nutrients (TDN)

● Also requirements for calcium, phosphorus, carotene and vitamin D for most

animals.

● They use ME for poultry, DE for swine and horses, DE, ME and TDN for sheep, ME,

TDN and NEm and NEg for beef cattle and for dairy cattle



8. Indian standards

● Sen and Ray standards: he adopted the average of maximum and minimum values

recommended by Morrison.

● Indian Council of Agricultural Research

● C. PRODUCTION VALUE TYPE

1. Kellner feeding standard

Based upon “Starch” as a standard unit of measurement (Starch equivalent).

2. Armsby feeding standard

● Based on true protein and net energy values.

3. Agricultural Research Council (ARC) standard: requirements of poultry, ruminants and

pigs.

● Followed in the United Kingdom. .



1. Feeding standards do not consider JKPSC-2020

A) Production Level of Livestock

B) Nutrients Requirement of Livestock

C) Nutritive Value of Feed Ingredients

D) Economics of Livestock Production

2. Starch equivalent system is based on JKPSC-2020

A) NE & Digestible True Protein

B) DCP, TDN & NE

C) DCP & TDN

D) DM,DCP & TDN

3. Who developed the starch equivalent value of feed JKPSC - 2019 2019

(A) Atwater

(B) Morrison

(C) Armsby

(D) Kellner

5. Which one of the following is the Digestible-Nutrient system type feeding standard? RPSC 2019

(1) Hay standard

(2) Armsby feeding standard

(3) Scandinavian "Feed unit" standard

(4) Morrison standard



6. Starch equivalent based energy system was given by Rpsc 2013

(1) Morrison

(2) Armsby

(3) Kellner

(4) Dubois

7. In 1890, a feeding standard based on the "available fuel values of the

feeds" was proposed by Mppsc 2021

(A) Armsby

(B) Atwater

(C) Kellner

(D) Lehmann

8. Wolff-Lehman feeding standard developed in the year: Opsc 2013 -14

2nd

(a) 1903

(b) 1896

(c) 1884

(d) 1907



5. Conservation of Feed through Silage and Hay



Silage

Anaerobic fermentation of the green fodder crop retaining the

high moisture content. It contains 25-35% DM & 14-16% CP.

process - ensiling.

Selection of crops for silage making:

● Thick stems

● High level of fermentable sugar

● Low protein like maize, sorghum, bajra etc.

● Crop should have 35 % dry matter or 60-70% moisture at

the time of ensiling.

● Legumes are avoided

● harvested between flowering and milk stage



Method of Silage making

● A silo which is an air tight structure for storage and

preservation.

● One cubic meter space is required for 400kg fodder

silage making.

● Chopping of forage to a short length (1-3 cm).

● Compact forage as tightly as possible.

● Sprinkle salt at 0.5%, urea 1% and molasses 3% of the

material weight to improve sugar content.

● Maintain sealing for 45 days.



Types of fermentation during Silage formation

Lactic acid type- Desirable forage is carbohydrate rich.

Butyric acid type- When forage contains more protein

than clostridium bacteria grow and deteriorate its quality.

Flieg index is used to evaluate silage quality which

measures butyric acid produced. Lesser the butyric acid

better will be silage quality.





Hay









Types of hay

Legume hay: higher TDN and DCP and are rich in protein & 

minerals. Crops –Lucerne, Cowpea, Berseem. Good quality hay.

Non legume hay: less palatable and less amount of protein, 

vitamin and nutrients than legume hay but rich in 

carbohydrates. Crops – Oat, barley, Bajra, sorghum and grasses.

Mixed hay: The nutritive value of mixed hay depends upon the 

type of legume and non legume crops.





Particular Silage Hay
DM (%) 30-35 10-15
Type of crop Non leguminous type. 

Maize,jowar,sorghum, bajra
Leguminous type Lucerne, oats 
berseem

Texture OF CROP Thick stemmed, carbohydrate
rich

Thin stemmed, protein rich

Method utilised Fermented product Sun dried product
Losses of nutrients less more
Time of harvest of crop between flowering and milk 

stage
2/3rd flowering stage

digestibility Partially digested during 
fermentation so more digestible

Not digested during drying. Less 
digestible.

Drying Crop is not dried and used after
cutting only

it is dried first

Air Complete exclusion of air Openly dried in air

Difference in silage and Hay



● Haylage (hay+silage): Dry matter in crops used for haylage making is 40-
45%.

● Wastelage: Anaerobically fermented animal waste like poultry
droppings, poultry litter, swine excreta and bovine dung along with
other feed ingredients with the help of lactic acid producing bacteria.

● Oat hay poisoning/ nitrate poisoning: Nitrate poisoning can occur in
crops like sorghum, lucerne, and Sudan grass. In the rumen, nitrate is
reduced to nitrite, which, when absorbed into the bloodstream, oxidizes
the ferrous ion in hemoglobin to ferric ion, forming methemoglobin. This
causes the blood to become chocolate brown, leading to a brownish
discoloration of the mucous membranes and skin.



1. Which fodder crop is most suitable for silage production?
PUNJAB 2022

a) Berseem
b) Lucerne
c) Lobia
d) Maize

2. The pH range of good quality silage is RPSC
2019

(1) 3.5-4.2
(2) 3.2-3.5
(3) 4.2-4.5
(4) 4.5-4.8

3. Silage is Punjab 2021
(A) Preserved dry fodder
(B) Fermented fodder

(C) Succulent fodder
(D) none of above



4. Very good silage should have pH
ranging from Rpsc 2013

(1) 4.2 to 4.5
(2) 4.5 to 4.8
(3) 3.7 to 4.2
(4) 4.8 to 5.0

5. Best crop suitable for silage making is Rpsc 2013
(1) Jowar
(2) Bajra
(3) Maize
(4) Oats

4. Very good silage should have pH
ranging from Rpsc 2013

(1) 4.2 to 4.5
(2) 4.5 to 4.8
(3) 3.7 to 4.2
(4) 4.8 to 5.0

5. Best crop suitable for silage making is Rpsc 2013
(1) Jowar
(2) Bajra
(3) Maize
(4) Oats



8. Following is the 'best quality hay' for feeding of sheep: Opsc 2013 -14 2nd

(a) Lucerne hay
(b) Grass hay
(c) Mixed grass hay
(d) Guinea grass hay

9. The acid required for good quality silage is: Opsc 2013 -14 2nd

(a) Acetic acid
(b) Butyric acid
(c) Propionic acid
(d) Lactic acid

10. Moisture content of chopped hay is: Opsc 2013 -14 2nd

(a) 19-22%
(b) 25-28%
(c) 20-25%
(d) 25-30%

11. The pH of good silage is: Opsc 2013 -14 2nd

(a) 7
(b) 4
(c) 6
(d) 3.5



Unit 5

Nutrient Requirements and Ration Formulation

1. Balanced Ration and Its Characteristics
2. Nutrient Requirements and Methods
3. Feeding Practices for Cattle and Buffalo
4. Feeding Practices for Sheep and Goat
5. Use of NPN compounds in livestock feeding





1. Pearson Square Method 

(Single and double Pearson Square Method) 

2. Algebraic Method 

3. Thumb Rule Method 

4. Linear Programming or Least-cost Feed 

Formulation or Computer Method 

5. Hit and Trial Method

Method of Ration Formulation



Computer-Formulated Rations: 'Least cost' ration/ 
Linear Programming:

'Least cost' ration:

● If a ration is balanced using a combination of

ingredients with the lowest possible total cost,

the resulting mixture is called a "least cost"

ration.

● Linear Programming is the technique employed

to calculate least- cost and profit-maximizing

rations







1) A method of determining the least-cost ration using a series of mathematical equations.            
JKPSC-2020

A) Pearson Square method
B) Algebraic method
C) Linear Programming
D) Two by Two Matrix method

2) Arrange the following activities stepwise in formulation of ration for dairy cattle JKPSC-2020
1) Calculate nutrient requirements of animal according to its production
2) Choose available feed ingredients
3) Manipulate each ingredient to match the supply and requirement of nutrients
4) Know the nutrient content and inclusion levels of feed ingredients
5) Calculate the nutrients supplied by a set weight of feed ingredients
A) 1,2,4,5,3
B) 2,4,1,3,5
C) 1,2,5,3,4
D) 4,2,5,1,3

3. Which technique is employed in computer analysis to calculate least cost ration? Uppsc 2022
a. Linear programming
b. Nonlinear programming
c. Curvi-linear programming
d. Integer-linear programming



4. Consider the following statement regarding ration formulation:     JKPSC - 2019
1) Age, Pregnancy, milk Product and Physical activity must considered when formulating ration
2) It should contain all essential vitamins and minerals
3) It should contain balance of protein carbohydrates and fats
Which of the statements given above are correct?

(A) 1 and 2 only
(B) 1 and 3 only
(C) 2 and 3 only
(D) 1, 2 and 3

5. The collection period for digestibility trial of large ruminant should be    (J&K 2012)
(A) 7-10 days
(B) 10-14 days
(C) 5-7 days
(D) 20-22 days

6. The technique employed to calculate least cost and profit maximizing rations is called as 
Mppsc 2019

(A) Trial and Error method
(B) Pearson's Square method
(C) Linear Programming
(D) Algebraic method



9. For determining the digestibility of a feed by conducting digestion trial in ruminants, the 
optimum length of 'preliminary period' followed is: Opsc 2013 -14

(a) One week
(b) Two weeks
(c) Three weeks
(d) 60 days

10. The amount of feed an animal needs to maintain its body mass and composition 
without any weight loss or gain: Opsc 2021-22

(A) Balanced ration
(B) Ideal ration
(C) Maintenance ration
(D) Production ration

11. The feed allowed for a given animal during a day of 24 hours is called as Mppsc 2021
(A) Ration
(B) Diet
(C) Balanced feed
(D) Complete feed



2. Nutrient Requirements and Methods

A. Energy Requirement For Maintenance

Rubner: BMR varies with body size = metabolic body size = 
surface area law



•Scaling Exponents:While Rubner initially suggested a 
scaling exponent of 2/3 for the relationship between 
metabolic rate and body mass, subsequent studies 
(notably by Max Kleiber) found a scaling exponent 
closer to 3/4. This ongoing debate highlights the 
complexity of metabolic scaling across different species

For dairy cattle and buffalo:
• NEm = 80 W0.75 (Kcal/day)
• MEm = 133 W0.75 (Kcal/day)
• TDNm = 35.2 W0.75 (g/day)



B. Protein Requirement For Maintenance
1. Feeding trial = minimum dietary protein to maintain body weight
2. Nitrogen balance method- equilibrium = minimum constant N-
output
3. Factorial method = EUN+MFN

EUN mg/day = 146 W0.72 kg = Function of Body size
• Indian cattle = 0.020 g/kg BW
• Bos taurus = 0.289 g/kg BW
• Metabolic fecal nitrogen = MFN = Function of DMI
• Indian cattle = 0.35 g/100 g DMI
• Buffaloes = 0.34 g/100 g DMI



















1. Read the following statements :  MPSC – 2019
a. Energy is the most important nutrient to produce milk.
b. The energy needed depends upon the composition of milk.
Now state whether :

(1) Both the statements are correct
(2) Statement a is correct, but statement b is not correct
(3) Statement b is correct, but statement a is not correct
(4) Neither of the statements is correct

2. Dry matter intake of dairy animals should be Uppsc 2022
(a)      1% of body weight per day
(b)      0.5% of body weight per day
(c)       4% of body weight per day
(d)      10% of body weight per day

3. The dry matter requirement for cattle per 100 kg body weight is   Kerala PSC – June 2023
a) 1.5 - 2.0 kg
b) 2.5 - 3.0 kg
c) 2.0 - 2.5 kg
d) 3.0 - 4.0 kg



4. Dry matter requirement for a cow weighing 400 kg, giving 10 liters of 
milk having 4-5% fat is       MPPSC 2023

[A] 2 kg
[B] 4 kg
[C] 10 kg
[D] 20 kg

5. Maintenance D. M. total requirement of 400 kg crossed breed cows 
require: OPSC 2018-2019

(A) 5-7 kg
(B) 8-10 kg
(C) 11-13 kg
(D) 13-15 kg



Feeding of calves

Best feeding practice for rearing a calf is to start feeding from the last

trimester of pregnancy then in the pre-ruminant period and post 

ruminant period

● Colostrum: within 2 hours @ 1/10th BW 
(17% protein, IgM, IgA, IgG)

3. Feeding Practices for Cattle and Buffalo



Importance of Colostrum feeding

● Provide passive immunity 
● Laxative effect hence avoid constipation
● Excellent source of Vit A, D, & E



FEEDING SCHEDULE OF COW CALVES (0-3 months): WHOLE MILK+ 

SKIM MILK+ CALF STARTER

Age(days) Colostrum (lit) Milk(lit) Skim milk(lit) Calf starter(g)

1-3 1/10th B.wt - - -

4-7 1/10th B.wt -

8-14 1/10th B.wt -

15-21 1/10th B.wt Little

22-35 - 1/15th B.wt - 100

upto 60 days 1/20th B.wt 1/25th B.wt 250

61-90 1/25th B.wt 1/15th B.wt 500



Calf starter-

● solid feed consisting of ground grains, oil cakes,

animal protein supplement, brans, dried skim milk,

soymeal, whey, mineral mix, and butyrate.

● For accelerated growth and early weaning of the

calves.

● contain 23-26% CP, 18-19.5% DCP and 75% TDN

● Started at 7-10 days (14 days)

● for proper rumen development





Feed stuffs Zebu / indigenous cow Crossbred cow/ buffaloes

Straw 4.00 kg 4.00-6.00 kg

Concentrates mix

Maintenance 1.25 kg 2.00 kg

Pregnancy
(last trimester)

1.25 kg 1.75 kg

Lactation 1.00 kg/ 2.5 kg MY 1.00 kg/ 2.0 kg MY

Thumb rule

⮚ 1 kg Concentrate mix = 10 kg green fodder
⮚ Concentrate mixture = 20% CP, 65% TDN, 0.5-0.7% Ca and 0.3-
04% P







Feeding high yielders:

•       Energy: Feeding bypass fat 

•       Protein: Feeding bypass protein 

UDP = 8% of total diet protein%

•       Fiber: 28-32% NDF

•       Mineral mixture: 10g MM/ kg of milk production.

•       Challenge feeding: steaming up (2 weeks prior to calving)

DCAD salt in pre-partum transition period = (-100 to -140 meq/kg 
DMI) maintain Ca homeostasis and help in avoiding milk fever



1. Crude protein and TDN content of calf starter should be MPPSC 2022
(1) 23 - 26 %, 75% (3) 13 -15 %;. 70 %
(2) 18 - 20 %, 70% (4) 6 - 8 %, 75 % 

2. In high yielding animals, the important amino acid source for post 
rumen digestion is now considered as MPSC 2011

(1) Microbial protein    (2) Microbial protein-non-ammonia-N
(3) Undegradable protein       (4) All the above

4 Calf reared on milk in first and second week requires milk in amount: 
UTTARAKHAND VO – 2024

a)     1/10 body weight
b)     1/15 body wight
c)     1/20 body weight
d)     1/25 body weight



5 . The amount required as dry roughage (with sufficient legumes) for a cross 
bred cow weighing 400 kg is       JKPSC - 2019

(A) 10 kg
(B) 6.5 kg
(C) 3.5 kg
(D) 4.9 Kg
7.  From which day of age 'Hay' can be given to newborn calves ? Uppsc 2022
(a) 10th day
(B) 155 day

(c) 20th day
(d) 1 month

8. According to the thumb rule, 1 kg of concentrate mixture is required for every kg of 
milk yield in cows. Opsc 2013 -14 

(a) 2.0
(b) 2.5
(c) 3.0
(d) 1.5



9. What should be the recommended crude protein content (%) in calf starter? PUNJAB 2022
a) 5
b) 10
c) 15
d) 22

10. Colostrum is fed to calves at the rate of RPSC 2019
(1) 20% of BW
(2) 15% of BW
(3) 10% of BW
(4) 5% of BW

11. Feeding colostrum within first two hours of the birth of new born is essential because RPSC 2019
(1) It is iron rich.
(2) It is Vitamin B Complex rich.
(3) It is rich in copper.
(4) Immunoglobulins

12. New born calf should get first colostrum from its dam within   PUNJAB 2021
(A) 30 minutes after birth
(B) 12 hours after birth
(C) 24 hours after birth
(D) 48 hours after birth



4. Feeding Practices for Sheep and Goat



Dry Matter Intake:

• DMI = 70 g /kg W0.75 (3.2% of BW)

• Meat goats: 3% of BW

• Dairy goats: 4-6% of BW











Feeding of Kids

● within 1 hour the kids should get colostrum continued for 3

days.

● After the 3rd day up to weaning, feed them with milk at

2 to 3 times a day (1/6th BW up to 1 month and then

1/8th of BW in the 2nd month and 1/10th-1/12th BW

during the 3rd month).

● At 1 month of age: Young ones should be provided with

concentrate mixture (starter feed)



Creep Feeding

● for nursing kids for rapid growth

● accelerated growth or early weaning management program

● palatable and easily digestible concentrate mixture

● If grasses and cereal fodder—DCP 18% & TDN 75%

● If leguminous fodder –DCP 12% and TDN 70%

● Offer feed @ 50-100gm/animal/ day, and as gradually they

eat more, reduce the milk allowance.

● Creep feed started from 10th day up to 90 days of age or pre-

weaning period for faster gain



Age of kids Dam’s milk or cow

milk (ml)

Creep

feed (g)

Forage,

green/day (g)

1-3 days Colostrum 300 ml, 3
feedings

- -

4-14 days 350 ml, 3 feedings - -

15-30 days 350 ml, 3 feedings A little A little

31-60 days 400 ml, 2 feedings 100-150 Free choice

61-90 days 200 ml, 2 feedings 200-250 Free choice

Feeding Schedule for a Kid from Birth to 90 days



FEEDING OF SHEEP





1. What is the recommended milk feeding schedule for kids during the 2nd month of 
age?
a) 1/6th BW
b) 1/8th BW
c) 1/10th BW
d) 1/12th BW

2. At what age should kids be provided with a concentrate mixture (starter feed)?
a) At birth
b) 2 weeks
c) 1 month
d) 90 days

3. What is the purpose of creep feeding in kids?
a) To reduce milk intake
b) To promote rapid growth and rumen development
c) To reduce forage intake
d) To replace milk completely



4. What is the DCP requirement for a finisher goat?
a) 10%
b) 5-6%
c) 7-8%
d) 12%

5. How much concentrate mixture should a lactating goat producing 2 liters of milk be given?
a) 200 g
b) 300 g
c) 400 g
d) 500 g

6. Which amino acid is the first limiting for wool growth and weight gain in sheep?
a) Methionine
b) Lysine
c) Arginine
d) Cysteine

7. When should flushing be done for ewes/does?
a) During early lactation
b) 2-3 weeks before breeding
c) After weaning
d) At the end of pregnancy



8. What is the DMI requirement for meat-producing goats?
a) 2% BW
b) 3% BW
c) 4% BW
d) 6% BW

9. Dry matter intake in Indian breeds of goats varies between RPSC 2019

(1) 10-25 g/w0.75 kg
(2) 20-40 g/w0.75 kg
(3) 35-80 g/w0.75 kg
(4) 100-140 g/w0.75 kg

10. How much more nutrients than the maintenance needs should be provided to 
breeding rams during breeding season ? RPSC 2019

(1) 30%
(2) 40%
(3) 50%



5. Use of NPN compounds in Livestock feeding

● less expensive and readily available

Non-protein Nitrogen Sources for Ruminants

• Urea (most widely used NPN compound in the ruminant diet)

• Ammonium acetate

• Ammonium bicarbonate

• Biuret

• Dicyandiamide

• Glutamine

• Glycine

• Oilseed meals



Urea as the Primary Source of NPN for ruminants:

•  most common 

•  100% degradability in rumen & contains 

46.7% nitrogen

•  cheapest solid nitrogen source.

• yielding up to 29.2 kg of protein per

100g of urea.



•only 1/3rd requirement of protein can be spared by urea

•Add NPN with high-energy feed such as grains/molasses

• Use NPN only when crude protein in the ration is below 13%

•116 grams of urea for adult cattle and 10 g for sheep per day.

• Uniform mixing of urea is essential to avoid urea toxicity.



1. What is the primary nitrogen-containing compound used as a non-protein nitrogen 

(NPN) source for ruminants?

○ a) Urea

○ b) Ammonium bicarbonate

○ c) Biuret

○ d) Glycine

2. How much nitrogen does urea contain, making it an effective NPN compound in 

ruminant diets?

○ a) 20.5%

○ b) 46.7%

○ c) 32.5%

○ d) 12.8%

3. Which of the following should NOT be fed with NPN compounds like urea?

○ a) Cattle over 6 months

○ b) Dairy cows

○ c) Preruminant calves and monogastric animals

○ d) Ruminants consuming low-protein diet



1. How much urea should not be exceeded in adult cattle per day to prevent urea 

toxicity?

○ a) 50 grams

○ b) 90 grams

○ c) 116 grams

○ d) 150 grams

2. What is a symptom of urea toxicity in ruminants?

○ a) Lameness

○ b) Lack of appetite

○ c) Bloat

○ d) Excessive drinking

3. Which substance is commonly used to treat urea toxicity by lowering rumen pH?

○ a) Sodium bicarbonate

○ b) Glacial acetic acid

○ c) Magnesium sulfate

○ d) Calcium carbonate



1. How does the "Urea Molasses Mineral Block" (UMMB) method help in urea feeding?

○ a) Increases the energy content of the diet

○ b) Provides a slow release of urea to prevent toxicity

○ c) Prevents water loss in ruminants

○ d) Enhances protein digestibility of straw alone

2. What is the recommended proportion of urea in the Urea Molasses Mineral Block (UMMB)?

○ a) 15%

○ b) 5%

○ c) 25%

○ d) 10%

3. Which feed is essential for maximizing the utilization of urea in the rumen?

○ a) High-fiber feed

○ b) High-energy feed like grains or molasses

○ c) Low-energy roughage

○ d) Silage

4. What is the ideal nitrogen to sulfur ratio (N) to improve the utilization of urea in ruminant diets?

● a) 5:1

● b) 8:1

● c) 10:1

● d) 12:1



Unit 6

Feeding of Laboratory & wild animals and Metabolic 
Disorders

1. Feeding Practices for Swine
2. Feeding Practices for poultry
3. Feeding Practices for laboratory animals
4. Metabolic Disorder & symptom



1. Feeding Practices for swine

• VFA- 35-45% maintenance requirements (60% in ruminants)

• Crude Fibre- growing- 6-7% and 10-12% adult pig.

• Feed efficiency- 30-40% , Best feed efficiency

• ME = 0.96 DE

• 1st limiting AA- lysine

• Essential amino acid in pigs: 9

• Iron dextran injection (i/m) = on 4th and 14th day of age to prevent

piglet anemia.

• FeSO- 42% of feed



Feeding of piglets:

1. Colostrum feeding

• first milk and an essential source of energy, nutrients &

immunity

• It is important to maximize colostrum intake in the first

six hours after birth (150-280 ml/kg of birth BW)

2. Milk replacer:

• extra nutrients and energy

• higher quality and easily digestible



Creep feed:

• sucking piglets for faster growth

• introduced at 7-14 days of age and are fed till weaning.

• Piglets fed on creep ration attain 12-15 kg body weight at 8 weeks

of age.

• creep feed is generally mixed with ferrous sulfate at the ratio of

9:1 to prevent anemia.

• Composition of creep feed (BIS, 1986): CP, min = 20% and ME

(kcal/kg), min = 3265



Grower ration:

• 18% CP and 3170 kcal/kg ME value.

Finisher/breeder ration:

• contain 16% CP and 3170 kcal/kg ME value.

Feeding of pregnant sow:

16% CP and 3000 kcal/kg ME value with 0.7% lysine.

Feeding of lactating sows:

2.0 kg of meal with 200g meal per piglet



1. Crude protein percentage of growing/ finishing ration is    JKPSC - 2019

(A) 10-12
(B) 14-16
(C) 18-20
(D) None of the above

2. Which one of the amino acids is of greater practical importance in the diet of swine?     RPSC 2019

(1) Leucine

(2) Lysine
(3) Cystine
(4) Methionine

3. A practical way to supplement iron and copper to the newborn piglets to prevent piglet anemia is          
RPSC 2019

(1) Giving injections of copper to newborn piglets.

(2) Giving injections of Vitamin E to newborn piglets.
(3) Painting the udder of sow with a thick solution of copper and iron sulphate.
(4) Allowing the newborn piglets to access soil



4. Pre starter broiler ration contain critical methionine: opsc 2018-19 
(A) 3%
(B) 2%
(C) 1.2%
(D) None of the above

5. Where does fermentation primarily occur in pigs, which are hindgut 
fermenters?
a) Stomach
b) Caecum and Colon
c) Small intestine
d) Rumen

6. At what age should creep feed be introduced to piglets?
a) At birth
b) 7-14 days
c) 2 weeks
d) 8 weeks



7. What is the recommended crude protein (CP) content in a grower ration for pigs?
a) 16%
b) 18%
c) 20%
d) 14%
8. What injection should be given to piglets on the 4th and 14th day of age to prevent 
anemia?
a) Iron dextran injection
b) Vitamin D injection
c) Calcium supplement
d) Zinc sulfate injection
9. Which amino acid is the first limiting factor in pig growth and development?
a) Methionine
b) Arginine
c) Leucine
d) Lysine
10. What is the recommended weaning age for piglets in India?
a) 4 weeks
b) 6 weeks
c) 8 weeks
d) 10 weeks



2. Feeding Practices for poultry











Nutrients requirements of poultry:

Energy requirement:

•      Based on ME

•    High-energy cereal grains are the principal energy sources.

•    Fat at levels of 3-8% to increase dietary energy 
concentrations.

Protein requirement:

•    Poultry requires the 11 essential AAs.

•   Increase in Temp. = decrease in feed intake = increase in protein 
requirement 

•   Some AAs can be met by other AAs: Cystine = methionine, Tyrosine 
→ phenylalanine, Glycine = Serine



1. Energy requirement (Kcal/Kg feed) in broiler finisher ration as per 815, 2007 is: 
PUNJAB 2016

a) 2800
b) 2900
c) 3100
d) 3200

2. Which of the following is not an essential amino acid for poultry: PUNJAB 2016
a) Arginine
b) Glycine
c) Valine
d) Glutamate

3.  As per BIS (1992), CP and ME content of broiler starter feed should be MPSC 2011

(1) 20%, 2900 kcal/kg
(2) 23%, 2800 kcal/kg

(3) 20%, 2800 kcal/kg
(4) 23%, 2600 kcal/kg



4. Maximum level of inclusion of maize in poultry ration is RPSC 2019
(1) 50%
(2) 60%
(3) 70%
(4) 80%

5. What is the optimum Ca ratio for laying hens to support bone and shell formation?
a) 1:1
b) 1:1.2
c) 1:4
d) 1:2
6. What happens to poultry feed intake as environmental temperature increases?
a) It increases
b) It decreases
c) It remains constant
d) It fluctuates unpredictably



7. What is the recommended crude protein (CP) content in a pre-starter broiler feed?
a) 23%
b) 20%
c) 18%
d) 16%
8. Which vitamin deficiency can lead to slipped tendon disease in poultry?
a) Vitamin D
b) Vitamin A
c) Manganese
d) Vitamin C
9. What is the effect of light exposure on egg production in hens?
a) Decreases feed intake
b) Increases egg production
c) Decreases stimulation of the pituitary gland
d) Causes a decrease in body weight
10. At what age does egg production typically peak in laying hens?
a) 20-22 weeks
b) 28-30 weeks
c) 35-40 weeks
d) 60 weeks



Metabolic Diseases
1) Fatty liver
2) Ketosis
3) Acidosis (SARA)
4) Laminitis
5) Milk fever
6) Downer cow
7) Retained placenta
8) Bloat
9) Grass tetany
10) LDA
11) Udder edema



Fatty Liver
• Common metabolic disorder during transition period.
• Reason- Over conditioned animals during dry period (BCS>4.5)
• body fat is mobilized from adipose tissue into the bloodstream in 
the form of NEFA
• NEFA are taken by the liver, accumulate NEFA as triglycerides 
within the liver.

Preventatives for fatty liver
● Avoid excessive fattening 
● Glucogenic sub- glycerol, propylene glycol, monensin.
● B-complex vitamins
● Vitamin E and selenium- as their antioxidant effects 





1.Energy Deficit: Ketosis occurs during energy deficits (e.g., fasting, prolonged exercise, lactation) 
when glucose availability is low, prompting the body to utilize fat stores for energy.

2.Release of LCFAs: In energy deficits, hormone-sensitive lipase (HSL) in adipose tissue is 
activated, mobilizing stored triglycerides and releasing long-chain fatty acids (LCFAs) into the 
bloodstream.

3.Metabolism of LCFAs: Released LCFAs are transported to the liver and undergo β-oxidation in 
mitochondria to produce acetyl-CoA. This acetyl-CoA can enter the tricarboxylic acid (TCA) 
cycle for energy or be diverted into ketogenesis.

4.Ketogenesis: When acetyl-CoA levels exceed the capacity of the Krebs cycle (due to low 
glucose), it is converted into ketone bodies (such as acetoacetate and β-hydroxybutyrate which 
are released into the bloodstream as alternative energy sources for tissues like the brain and 
muscles



•OAA is a key intermediate in the Krebs cycle and can be 
converted into aspartate through transamination 
reactions. Aspartate can subsequently be converted 
into glutamate, which is one of the most abundant 
neurotransmitters in the central nervous system.







Ruminal Acidosis
high yielding cows with high grain ration.
Grain engorgement

Acidosis vs SARA
• Ruminal acidosis (pH<5.5)-
• SARA (pH<6)- excessive VFA production 

Prevention
• Balancing the diet for starch and effective fibre.
• Avoid sudden changes of feed 
• Roughages should be provided with grain/molasses.
• Buffers such as sodium bicarbonate also counteract acidosis



Milk fever/Parturient Paresis (hypocalcemia)
• An afebrile hypocalcemic disease in high producing animals 
when the demand of calcium for milk production exceeds the 
body’s potential to mobilize calcium reserves.

Etiology:
• in older dairy cows (reduced ability to mobilize calcium from 
bone and in high milk producing breeds due to exhausted 
reserves)
• Lactation (usually first 72 hr postpartum)- Ca drain (10 mg/dl to 
5 mg/dl)
• Parathyroid inactivity and dietary Ca supplementation during 
dry period



Clinical Signs
• Body temperature - subnormal (100-101oF)
• Neck curved towards the flank
• Occasionally, hyperexcitability

Prevention and treatment
• DCAD diet
• Restoration of Ca– half i/v and half s.c. in multiple sites -
Retreat 8-12 hr later, if needed.
• Vit. D- 8 days before calving, s.c.



Downer cow syndrome/complex

• complication of periparturient hypocalcemia in cows 
that do not fully respond to calcium therapy and are 
unable to rise for >24 hr after initial recumbency.
• Develop a secondary recumbency from pressure 
damage to muscles and nerves.



Grass tetany/ Hypomagnesaemia

● Associated with early lactation grazing on lush green pastures 
● Lush green pastures are deficient in Mg. 
● Magnesium is essential for normal muscle function and nerve 

impulse transmission. A deficiency can lead to impaired muscle 
contractions and neuromuscular function.

● Tetanic or paretic type and subclinical types with depression of 
appetite and milk yield, slight nervousness, anemia.

● Treatment-
● Restoring normal Ca and Mg homeostasis and muscle relaxant
● 15-30 g of Mg supplement (MgO) per day 



LDA

• Dislocation of abomasum to the left (LDA) or to right (RDA)
• Approx. 80-90% of incidences are LDA  

Most frequent in high producing cows in the first 4 weeks 
postpartum
• Low ruminal VFA absorption (papillae)- escape to abomasum, 
reduce abomasal motility, development of atony and onset of 
displaced abomasums.

Prevention-
• maintaining the forage to concentrate ratio 
• Grain intake after calving should be increased slowly (0.25 kg/day) 



1. In milk fever, body temperature of animal remains Punjab 2023

(a) Subnormal
(b) Elevated
(c) Highly elevated
(d) Normal

2. Ketosis occurs due to: Punjab 2023
(a) Positive energy balance in body
(b) Negative energy balance in body
(c) Positive protein balance in body
(d) None of the above

3. Eclampsia in dog is caused by deficiency of Punjab 2023
(a) Iron
(b) Phosphorus
(c) Calcium
(d) Copper



4. Basic biochemical defect in PPH Punjab 2023
(a) Hypocalcemia
(b) Hypoglycemia
(c) Hypophosphatemia
(d) None of the above

5. Following drug is specifically recommended in the treatment of post-parturient 
haemoglobinuria 
Punjab 2023

(a) Calcium borogluconate
(b) 50% Dextrose
(c) Sodium acid phosphate
(d) 10% Magnesium sulphate

6. Lactic acidosis is caused by
(1) Accidental ingestion of large quantities of wheat grains
(2) Excessive intake of green fodder
(3) Excessive ingestion of dry fodder
(4) Excessive intake of Urea



7. Fatty liver disease is often associated with   Punjab 2021
(A) Choline
(B) Niacin
(C) Thiamine
(D) Pyridoxine

8. Post parturient haemoglobinuria or Red Water Disease is basically caused due to acute deficiency of which 
mineral in the blood? RPSC 2013

(1) Copper
(2) Magnesium
(3) Phosphorus
(4) Calcium

9. Prepartum feeding of which of the following diets will significantly minimize the occurrence of parturient paresis 
in dairy cows? MPPSC 2023

[A] Negative DCAD diet
[B] High energy diet
[C] Positive DCAD diet
[D] Low roughage diet

10. Milk fever can be grouped as a disease of: OPSC 2018-2019
(A) Deficiency disease
(B) Infectious disease
(C) Metabolic disease
(D) Toxicological condition
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