
THE SYNTHESIS OF MILK 

Introduction 

Mi lk  is universaly recognized as na- 
ture's most nearly perfect food, and rightly 
so, because of its high nutrient content. We 
know that milk composition varies only 
slightly regardless of the environment to 
which animals are subjected. 

One often wonders haw multicolored 
caws can eat multi-colored feeds and pra- 
duce white milk, which is quite unlike any 
other body fluid or secretion. The purpose 
of this paper is to review the present 
knowledge regarding milk synthesis by the 
cow's mammary glands. 

How are the various milk components 
synthesized? 

There ore two useful methods far 
studying milk synthesis fram blood pre- 
cursors. Early research involved measuring 
orterio-venous differences in blood compo- 
sition between the blood entering ond thot 
leaving the cow's udder, Espe ( 1946). 

The second and most useful is the 
rodio-isotope tracer technique. This con- 
cists of administering labeled compaunds to 
the animal and measuring the radiwctivity 
of the final products. Let's find out how 
the tiny epithelial cells of the alueoli (milk 
secrcting cells) make milk from a wide 
variety of blood components. 

A. Carbohydrate-Lactose is the princi- 
pal carbohydrate found in  milk. Barry 
(1959) labeled glucose on the first c a r b n  
and olso on al l  six carbons and found that 
over one-half of the lactose come from 
blood glucose. Rogers G Kleiber ( 19561 
faund butyrate to be the source of glucose 
and o higher amount of butyrate goes to 
lactose thon acetate and a lower amount 
to milk fat. 

Wood ( 19581, using C I  4-acetotc  or 
glycerol injected into on artery leading to 
the udder demonstrated thot troces of these 
compounds are incorporated into lactose and 
galactose has many times the activity of 
glucose. Wood believes thot lactose is 
formed primorily by the reaction of free 
glucose with uridine dephosphoglucose 
(UDPG) and the latter is also farmed by 
blaod glucose. So far, no enzyme has been 
found to catalyze this reaction. 

Barry (1959) suggested that UDP- 
Goloctase supplies the galactose molecule 
and that GIu-1-PO4 is the galoctosyl ac- 
ceptor. Hansen, et al., (1962) proposed 
o similar mechanism. The enzyme catolyz- 
ing this reaction has been described but not 
confirmed (Gander et al., (1957). 

Enzymes faund in  the mammary 
gland are hexokinase, phasphoglucamutose, 
UTP - GIu - 1 -P04-pyrophospharylase and 
UDP-gal-4-epimerase. Hansen ( 1962) 
suggests thot two or more pools of Glu-6- 
PO4 are in  the mamn-ary gland ond one 
turns slowly and doesn't acquire much C14 
from the labeled substrotes. This low ac- 
tivity pool seems to be involved i n  lactose 
synthesis and may be from a non-secretory 
tissue of the gland. The C14 pattern of 
the UDP-Gal differes from the UDP-GIu 
ond i t  is proposed that there may t e  a 
pathway allowing C14 to be introduced di- 
rectly into UDP-Gal from triose phosphates 
such as Glyceraldehyde-3-P04. 

B. Fats. 

1. Fatty acids-Fots in  milk are de- 
rived unchanged fram the blood stream 
or are manufactured in  the mammary 
gland. Potton ct ol., (1960) used gas 
chr~mato~rophy  to find C4, C6, and C8, 
through C- 18 n-alkanoic acids, the C16 
and cis a ~ d  trans C18 n-alkanoic acids 
and the C18 n-alkadienaic and trienoic 
acids. 

Short-chained fatty acids are faund i n  
milk at a level of 30 per cent, (Hilditch, 
1956). 

Folley ( 1956) iniected acetate-C14 
into the goat blood streom ond faund that 
the short-chained fatty acids were almost 
completely formed by ocetate from the 
blood. The long chained fatty acids had 
almost no radioactivity. 

When labeled sieoric ocid was fed 
to cows, the level of stearic and oleic acids 
reached 6 0  per cent of the milk fot (Bar- 
ry, 1959). When labeled glucose and ace- 
tate were injected, little stearic and oleic 
ocid wos formed in  the gland. Glascock 
( 1  958) labeled stearic ocid in triglyceride 
and fed o caw. It wos partly carried to the 
milk in  a small fraction of the blood which 
didn't exchanqe with the bulk of the stearic 
ocid of blood fat. 

James and Peeters (1956) showed 
that troces of fotty acids with add-numbered 
carbons in milk fat arise fram acetate, with 
troces of propionate, from the blood. 

Two theories of fat synthesis have 
been proposed by McCorthy ct al, (1960)  : 

(a.).  The alteration of pre-existing tri- 
glyceride molecules. 

( b )  . Supplemental (non-lipid) precur- 
sors 

Popjak et al., ( 1951 ) found acetate to 
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be obsorbed directly from the reticula-ru- 
men and is a saurce of part of the milk fat, 
and is active in  forming fotty acids up to 
16 carbons long. 

Balch and Rowland (1959)  proved 
acetatc ond butyrate to be important to but- 
terfat synthesis, but not contributing fac- 
tors. 

According to Luick, (1960) milk fat 
may be synthesized in  the mammary glond 
using glycerol and free fotty acids. 

2. Glycerol-lntramammory synthesis of 
glycerol was denied bp Glascock (1958). 
Wood, et al., ( 1958) reported strong evi- 
dence for it. 

Luiclc (1961 studied fat synthesis in  
doiry dows fallowing intromamary infu- 
sion of C14 labeled glycerol, glucose, ace- 
tote, propionote, or bytyrate. The results 
indicate thot glycerol is synthesized in  the 
mammary glond from glucose but not ace- 
tate, propionote, or butyrate. The newly 
formed glycerol is incorporoted into milk 
fat. 

Luick and Kleiber ( 1961 reported 
that at least 70% of milk fat glycerol was 
synthesized from blood glucose. Wood 
( 1958) said 17% of the glycerol carbons 
were derived fram glucose in  the mommary 
glands. 

C. Proteins-Barry ( 1957 showed that 
free amino ocids in  the blood are the source 
of a t  least 90 per cent of the amino acids 
o f  milk proteins. There was no evidence thot 
the mammary glond monufactures omino 
ocids or that i t  converts blood protein to 
milk protein. It was found that the mam- 
mary gland must break blood proteins dawn 
to omina acids before they can be con- 
verted to milk proteins. The udder can 
select from 20 amino acids to do this. 

Stein and Moore (1954) found that 
blood peptides can provide only about 10 
per cent of each omino ocid of milk pro- 
tein. 

Barry ( 1958) used tracers to show 
that at least 70 per cent of each of the 
two essential amino acids of casein came 
from the some two free amino acids of 
blood. 

Kleiber and Black (1956) obtained 
evidence which indicated that enzymes for 
making proteins are present in the mam- 
mory gland. 

Wood ( 1958 1 found thot serine comes 
from blaod glucose in the mammary gland. 

Barry t 1958) showed that alpha-lac- 
talbumin comes largely from free omino 
ocids of the blood, but immune globulin and 
serum olbumin come from blood without 
chonge. The immune globulin of cow ca- 
lastrum seems to be made from free amino 
acids by plasma cells held in  the mammary 
gland. 
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D. Mineral nnd Vkrnins-These om 
thought to diffuse directly from the b l d  
into the sacretory tisue af the gland, at- 
though the concentration of some m- 
paunds (e,g. - Calcium) is much greetw 
in milk than b l d .  Karnal and Cragle 
I 1962) found that Ca45 and P32 injected 
into the veins was the source of milk cal- 
cium and phosphorus as found in tfie p t m a  
rr1tyaflltmble fraction. 

E. Enerqy--Where dws the energy for 
milk syntkas come fmm? Barry f 1959) 

%eves It Is from the oxidatton of ocetote in '% tricorboxylic acid cycle. There is evi- 
h c e  that the rtVninunt can not honge 
flucose t m  ocetyl-Cmnzymc A and oxidize 
: t in the tricorboxyllc acid cycle. 

Glucose is slowly oxidized by times, 
arggesfing the penbe  phosphate cycle, 
IGlo~k ond M c h n ,  19581. In rats gtu- 
cme Is so oxidized via acetyl-Co A thmvgh 
@'.triwrboxylic acid cycle, but must of it 

midired via the pentose phosphate cycle. 

I d .  

Milk synthesis is a complex process, 
many qoesfions have been answered. 

e precursom and the sites of mllk nutrient 
synthgsis are fairly well known, I t  is stfll 
3 mystery how the thy  milk secrettng ceEts 

L-efthe udder can synthesize miIk components 
%rr~ such diverse precursors. 
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Concentrates and Roughages 

LA VERNE BUCY AND L L BENNlOHl 

Recent reparts by Geurin, et d, 
11 959) ; Anthony, at d, ( 19601. Wise, at 
d, t 1961') ; R i c b r b n  mf at, t 1961 1; MG 
Croskev et al. t 1961 1. and many others BEEP C A n r E  mAtL  
have pbmpted'mony t iak and much discus- 
s'm os M the proper levels of concentrobis 
and roughages in the diets of fattening cat- 
tle. These trials were conducted to deter- 
mine the desirable rebel of hay to include 
with other l n a d i e n b  of the mica1 Cali- 
fornia wffle fattening rnlxture: 

PROCEDURE 
TRIAL I. One hundred and twentv- 

seven Herefard steers were placed on poi- 
ture February 20, 1960. At this time one- 
half of the steers were implanted with e 
lwlf dwe of Synovex. The animals ran to- 
geffier an pasture tmt2f June 5, when they 
were braught Into the feedlot. The steers 
were all implanted wifh Synwex and werc 
storfed on the test mixtures on June 25. 
The steers that hod been implanted on pas- 
ture were sorted ond placed in the odd 
numbered pens and the steers being h- 
pfmted for the first time were put in  the 
even numbered pens. The 127 steers were 
divided into ten pens of twelve or thirtPen 
animals each; four pens were placed on 
a 70% concentrate mixture, four pens m 
an 85% concentmte ration, and two pens 
were fed a 95% concentrate diet. The 
onty difference in the rni-ra was the 
amount o f  hay tncluded in the ground, rnix- 
ed rations. (See TobIe I for feed mbmrre 
Used. 1 

SUMMARY 
TABLE 1. 

JUNE Z5--OCTOBER 10, 1960 (107 DAYS) 
- - -  - 

F= T--9 m m a b  ~ v ; L a g .  w+. A.D.O. ~ / l b ,  ~m- 
(% Corrmmhaha) lnitial Final lbr Ibs. earn Yidd Orrda 

Al l  weights tahn bstween 6:00 and 7:00 A.M. befare feeding and a 5% &dnk token. 
Animals in odd numbered p n s  were imptanted with novex Febrwry 20, when turend ovl "c; posturr. All animals were Implanted with Synoverrx w en started in feedtot June 25. 

C~acentrote mjxture used: S t a m  tooled bnrley 71 %, Shorn mild mile 5 %, Dried best 
a%, Cottanseed mwl 5%, Dehy. olfmlfo meal 1 %, -r Ad1 5%, k k  0.5%. 

and M o S a w  8%. The w h a g e  porttan at the dl& was Oat und Vefcb hoy. Steam barre 
mwl and salt were fed fma chafce. 


