World Milk Production Leaders
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Beecher Arlinda Ellen


55,661 lbs

12/92


Tullando Royalty Maxima

58,952

8/93


Robthom Suzet Paddy


59, 300

1/95


Bell Jr. Rosabell-ET


60,380

5/95


Raim Mark Jinz


60.440

8/96


Twin-B-Dair Aerostar Lynn

63,444

11/97


Muranda Oscar Luncinda-ET

67,914

2006


Hartje-Meyer 9792


76,064

Milk Composition

Key components
1. Water - typically the major component

2.
Fat
- complex mixture of lipids

- triglycerides are the major type

- major energy source of young

- extremely variable between species and within a species

3.
Protein - several types found in milk

- major milk proteins unique to milk

- milk proteins have ideal amino acid pattern for growth of young

4.
Lactose -major carbohydrate in milk

- disaccharide composed of glucose and galactose

- unique to mammary gland

- major osmole of milk (the primary component that draws water into milk)

5.
Minerals (ash)

- necessary for skeletal development of young

- potassium, calcium, & phosphorous present in largest amounts

- secreted in complex with casein

6.
Others

- vitamins

- milk cells - mostly leukocytes (white blood cells)

Percentage composition of Holstein cow’s milk

Water



87.8

Total Solids


12.2


Fat
 

3.5


Solids not fat

9.0



Protein


3.2



Lactose

4.8



Ash


0.7




Ca
0.13




P
0.10




K
0.14




Cl
0.11




Mg
0.01




Na
0.05

	Table 1. Composition of milk from various species

	
	Percentage by Weight
	

	Species
	Water
	Fat
	Protein
	Lactose
	Ash
	Energy

(kcal/100 g)

	Cow

Human

Horse

Sheep

Whale
	87.8

87.1

88.8

82.0

48.8
	3.5

4.5

1.9

7.2

34.8
	3.1

0.9

2.5

4.6

13.6
	4.6

7.1

6.2

4.8

1.8
	0.7

0.2

0.5

0.9

1.6
	66

72

52

102

388


	Table 2. Composition of milk from the main breeds of dairy cattle

	Breed
	Fat %
	Protein %
	Lactose %

	Ayrshire

Brown Swiss

Guernsey

Holstein

Jersey
	4.1

4.0

5.0

3.5

5.5
	3.6

3.6

3.8

3.1

3.9
	4.7

5.0

4.9

4.9

4.9


Rapid chanchanges as it switches from colostrum to mature milk[image: image1.png]


. Gradually throughout lactation
Milk synthesis

Lactose


- disaccharide of glucose and galactose


- formed by enzyme lactose synthase



- glactosyl transferase



- alpha-lactalbumin


- major osmoregulator of milk (drives water movement)


- alter content in milk?



increase content



decrease content




- genetically engineer to block lactose synthesis or add lactase to 




  mammary gland

[image: image2.wmf]Lactose

Glucose

UDP

-

Galactose

Glucose

-

6

-

p

Glucose

-

1

-

p

UDP

-

Glucose

Pyruvate

TCA Cycle

Lactose 

Synthetase

A protein, 

galactosyltranferase

B protein, 

a

-

lactalbumin

Lactose

Glucose

UDP

-

Galactose

Glucose

-

6

-

p

Glucose

-

1

-

p

UDP

-

Glucose

Pyruvate

TCA Cycle

Lactose 

Synthetase

A protein, 

galactosyltranferase

B protein, 

a

-

lactalbumin

Lactose

Glucose

UDP

-

Galactose

Glucose

-

6

-

p

Glucose

-

1

-

p

UDP

-

Glucose

Pyruvate

TCA Cycle

Lactose 

Synthetase

A protein, 

galactosyltranferase

B protein, 

a

-

lactalbumin


Protein 


made from amino acids


specifically produced in mammary gland and present in milk



- caseins (80% of total nitrogen)



- major whey proteins:



- alpha-lactalbumin




 - beta-lactoglobulins



- minor whey proteins:




- serum albumin




- immunoglobulins

Do we need to alter protein content in milk?


-decrease milk protein content



- thought to be negatively related to dietary lipid content




only true if fermentation is negatively affected by lipid.


- increase milk protein content
- rumen bypass or protected amino acids

10% efficiency with maximum increase in milk protein around 




0.2#/day




Definitely beneficial if diet is deficient in protein/amino acid flow 




to lower tract.


- protein content related to dietary energy not protein



related to insulin



Table 3. Response to abomasal casein infusion and a hyperinsulinemic-euglycemic clamp



Variable


-Casein



+Casein



	
	-Insulin
	+Insulin
	-Insulin
	+Insulin

	Milk yield, #/d
	58.0
	59.5
	63.0
	67.2

	Milk protein yield, #/d
	1.79
	1.85
	1.96
	2.29

	Percent
	3.11
	3.14
	3.15
	3.44

	Milk fat yield, #/d
	2.0
	1.87
	2.23
	2.07

	Percent
	3.5
	3.21
	3.58
	3.08


From Griinari, McGuire, Dwyer and Bauman. J Dairy Science. (80:2361-2371)



Table 4. Effect of hydrogenation by rumen microorganisms on dietary lipids



Fatty Acid




Weight Percent of Fatty Acids



	
	Diet
	Abomasal Ingesta

	16:0 (Palmitate)
	26
	29

	18:0 (Stearate)
	6
	45

	18:2 (Linoleate)
	17
	4

	18:3 (Linolenate)
	31
	6


Sheep fed a diet of alfalfa hay.

Fatty Acids


- specific desaturase in mammary gland that produces oleic acid (18:1), 25-30% 


  of fatty acid by weight


- contains conjugated linoleic acid (CLA), a potent anti-carcinogen (18:2), cis-9,


  trans-ll) formed in biohydrogenation of linoleic acid (normally about 0.5% of 


  total fatty acids in milk)


- main lipid class is triglycerides (97-98%)


- fatty acids made from acetate and butyrate (50%) and from performed (diet or


  body stores) fatty acids (50%)


- glycerol made from glucose


- fatty acids are mostly saturated



- rumen hydrogenation of unsaturated fatty acids

	Table 5. Composition of lipids in milk from cows and women

	
	Weight % of Lipids

	Lipid
	Bovine
	Human

	Triacylglycerides

Diacylglycerides

Monoacylglycerides

Free fatty acids

Phospholipids

Cholesterol

Cholesterol esters
	97-98

0.25-0.48

0.02-0.04

0.1-0.4

0.6-1.0

0.2-0.4

Trace
	98.2

0.7

Trace

0.4

0.25

0.25

Trace


	Table 6. Fatty acid composition (weight %) of milk fats

	Species
	6:0
	8:0
	10:0
	12:0
	14:0
	16:0
	16:1
	18:0
	18:1
	18:2
	18:3
	Other

	Cow

Human
	1.6

Tb
	1.3

T
	3.0

1.3
	3.1

3.1
	9.5

5.1
	26.3

20.2
	2.3

5.7
	14.6

3.0
	29.8

46.6
	2.4

13.0
	0.8

1.4
	5.3a


	a3.3% 4:0

bT = trace


CLA

CLA has been shown to be an anti-carcinogen in medical rodent models for cancer of the skin, mammary, colon and prostate.  Epidemiological studies have determined that consumption of milk decreases the risk of breast cancer in women.

Alter content or fatty acid composition of milk?


- increase total fat content



- greater dietary lipid (protected)


- decrease total fat content



McClymont theory of milk fat depression



High grain feeding leads to increased propionate production promoting 



elevated blood insulin that stimulates the storage of acetate into body fat 



and limits the release of preformed lipid.



Is NOT true!  Infusions of insulin do not cause milk fat depression.

- trans fatty acids


  Production of unique fatty acids in rumen with trans double bonds 


  (normally cis) are negatively related to reduced milk fat synthesis


- alter fatty acid composition



- more polyunsaturated fatty acids
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