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How Duraglas milk bottles help 

Dairies to greater profits! 

.I11 1 
MORE 

4 At the forming machines . . . at the lehr 
. . . at the raw material location- 
strict QUALITY CONTROL rules in the 
manufacture of Duraglas milk bottles. 

d The result is dependably strong, high- 
trippage bottles of uniform capacity, 
with high resistance to impact, heat, 
cold, and washing solutions. 

\( In addition, Duraglas bottles have 
a "High-Luster" finish that keeps 
bottles glistening trip after trip. 
Dairies are assured of the finest bottles 
always because continuing research 
at the Duraglas Center keeps Duraglas 
bottles in the quality lead. 

4 High-quality, returnable glass bottles 
are unequaled for keeping container 
costs low. So remember, whatever 
your dairy container needs may be, 
look to one dependable source for glass 
containers-Owens-Illinois Glass 
Company. 

ACL-Each bottle can be a "talking sales- 
man" for the daixy with Applied Color 
Lettering designs. Stock designs are always 
available, and our artists are ready to develop 
special designs. 
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CP's new homoaenizer head with reusable Sanitarv 
"OW-Ring Seals;provides improved sealing 
againsl leakage, permits accurate metal lo metal 
contact of mating surfaces, makes assembly 
and disassembly easier, shortens cleanup time, 
and reduces maintenance cost. 

CP MULTI-FLO HOMOGENIZER 
Whether you need a new homogenizer for milk o r  
mix, enjoy these CP Multi-Flo Homogenizer per- 
formance and economy advantages: 

1. CP Single Service Homogenizing Valve that as- 
sures uniform daily results with consistently fine 
performance. 

2. Lower Pressures Cut Operating Costs-by operating 
with full efficiency at low pressures, CP Multi-Flo 
Homogenizers reduce power required by as much as  
one third. 

3. Fast Clean-Up Construct;on-CP Homogenizer 
head can he disassembled in  4 t o  7 minutes-reas- 
semhled just a s  quickly. 

Why not check with your CP Salesman today- 
deliveries are  good o n  most sizes. +* MFG.COMIANI  r * l l . . l U t o K u l W W . W - ~ v d d C ~ l , -  

hnch W l r n  In 21 ?rinclrl CWn 
ClEAM€lYPACRA6EMi6.CO.OiCAIADA,LTD. 1WEClEAMElY?ACKA6EU6.COM?AYY,LD. 

YI KIns 9.. Wnt, 1-nk l, OnW. Mill Orrn Mud, MHhem kn-, S W ~ V  E y e d  .. 

Your advertisement is being read in every State &nd in  45 Foreign Countries 
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"The vanilla crop is ready.. . Now's the 
time to buy.. ." A day's moil at Michael's brings 

, reports like this from all the vanilla-growing 
centers of the world.. . keeping a sensitive finger 
on the pulse of an industry, revealing the 
right time to buy. - 

It's the selection and blending of these 
superior beans with the fortifying agent 
vanillin that insures the distinctive, delightful 
uniform character of Mixevan Powdered 
Vanilla Flavoring. 

brands of quality ice cream a steady, 

be approximated by extracts. And it's this 

stamp to Michael's mailbox . . . an 
overwhelming stamp of approval 
from the public. 

Other Vonillm Prodvdr b 
Michael for Spec, 
TRUE VANILLA 
for custom made ' 

DAVID MICHAEL & CO., Inc. 
Half a Century in the Flavoring Field 

374343 D STREET PHILADELPHIA 24, PA. 

For further information and prices see our representative or write direct 1 fijf 
Pour ndrertisement is heing rend in every State and i~ 45 Foreign Countries 
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ACID-KLENZ 
AND THE 

@"@-S& FEEDER 
Acid-KIenz Is an organic acid de- 
targent that Is highly effective for the 
removal of milkstone and the ratard- 
ing of bacterial growth on al l  milking 
and milk producing mqulpmmnt. 

Dairy farms and plants as wall as 
cream stations find it equally effec- 
tive for stabilizing hard water, 
emulsifying milk fats and suspending 
milk solids quickly and effectively. 

Chem-o-Shot proportioning equipment 
gives accurate control t o  p r e d r  
lermlned pH level fo r  ~uaran teed  
results. 

Wri te for speclal literature describing 
fully the Klenxada method of main- 
taining Sparkling Clean Milk Cans. 

Comple te Stabilizers 
and Emulsifiers 

BODY - GUARD@-for  the finest 
grade of ice cream, high active in- 
gredient content-83Q/lb. 

PRI DEXB-for ice creams with pleas- 
ing mellow consistency-economi- 
cally priced-57$/lb. 

1 I Straight Stabilizers 

I I H Y - G U A R D B - f o r  ice creams, milk 
sherbets, ices and stick confections- 
excellent stabilization-57d/lb. 

! I PRIDE@-for deliciously smooth tex- 
tured ice cream, with maximum sta- 
bilization at  low cost-53$/lb. 

1 I Straight Emulsifier 

I EM EX@ - for increasing whipping 
ability of ice cream and controlling 
overrun when used with good sta- 
bilizers-44$/lb. 

I . . . 
Ask your Dairy Supply Jobber or us 
for testing samples and bulletins. 

( I *Registered U.S. Patent Office 

I W R I T E  FOR literature 
describing G.B.I. Ice Cream 
Stabilizers and Emulsifiers 

GENERAL BIOCHEMICALS, INC. 
0 LABORATORY PARK CHAGRIN FALLS, OHIO 

d 

Your advertisement is being read in every State a n d  in 45 Foreign Countries 
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You can have confidence 

in B a K  Dairy Sanitation Products 

for 3 good reasons 

ing a rinse solution according to instructions on the 0-K bott e. 

You can be sure the dairy farmers who 
use B-K products in your area are get- 
ting the best possible sanitation-for 
three very good reasons: 

1. B-K was the first proprietary hypo- 
chlorite bactericide and sanitizer dis- 
tributed to the dairy industry and still 
leads all others in volume and accept- 
ance everywhere. 

2. Packages and labels of all B-K 
products are designed to promote regu- 
lar and correct use. Thus you and they 
reap the benefits of cleaner, more sani- 
tary utensils and better quality milk. 
Packages and labels are also built to  

withstand practically any milkhouse 
conditions. 

3. Fieldwork aids designed primarily to 
assist milk plant fieldmen in maintain- 
ing their supply of good quality milk 
are readily available a t  all times. (If 
you'd like to  see any of these, please 
write for details to address below.) 

Matter of fact, i t  might be worth your 
while to receive regular issues of B-K 
sanitation tips for distribution to your 
producers. Just write on your business 
letterhead to B-K Dept., Pennsylvania 
Salt Manufacturing Company, 1000 
Widener Bldg., Philadelphia 7, Pa. 

Your nilvertist~mcnt is being rend in every State ant1 in 45 Foreign Conntrics 
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Sanitary high-lustre-finish metal carton 
holder-another J 8 J exclusive. Easily 
attached to wall wherever convenient, to 
keep filter disks within arm's reach. Ask 
your Johnson 8 Johnson Field Service 
Representative for demonstration. 

"Only a company that gets its men into the 
milk house or barn would have recognized 
the need.. . :' says the Director of Fieldmen 
for a leading dairy-and J & J does just that! 

What's inside the carton is even more im- 
portant-Rapid-Flo Filter Disks, Fibre- 
Bonded for greater safety, sediment reten- 
tion and strength. Fieldmen, Sanitarians 
know they can rely on Johnson & Johnson 
for aid in Quality Milk Production. The 
first step is to urge producers to use the 
Rapid-Flo Farm Sediment Check-Up and 
genuine Rapid-Flo Fibre-Bonded Filter 
Disks. 

your  adv~rt inemmt is being read in every State iuld in 46 Borriqu Countries 
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T H E  E F F E C T  O F  ANTIBIOTICS ON Iij7 VITRO CELLULOSE DIGESTION 
BY RIJMEN MICROORGASISMS1* 

R. H. WASSERBfAN,s, 4 C. W. DUNCAN, E. S. CHURCHILI, AXD C. F. H U F F B I A S  

Departments of Bacteriology, Agricitltural Clrrn~istry and Dair?~,  Michigan Agric7tltltral 
Experimrnt  S tat ion,  Eas t  Lansing 

Antibiotics and other bacteriostatic agents have been used in isolation work 
for many years to inhibit selectively untiesirable types of organisms (8, 19, 25). 
Another important use of some of the bacteriostatic agents has been in the identi- 
fication of certain bacteria which grow in the prcsencc or absence of these agents. 
The use of antibiotics in ruinen digestion studies suggests the possibility of defin- 
ing the cellulolytic fraction of the rnrnen iiiicroflora in terms of resistance or 
sensitivity to these agents. 

The factors responsible for cellulolytic cligestion have been attributed to the 
naturally occurring inicroflora in the rumen. Henneberg (12) and Balrer and 
Harriss (1) studied microscopically the partially digested nlaterial of the rumen 
and observed cellulolytic bacteria within the erodecl cavities of plant material. 
Gall ct  al. (9) and Hnngate (14) isolated nlaizy types of cellulolytic microor- 
ganisms in numbers high enough to designate them as major physiologic types. 

The in vitro method of studying ruinen digestion allows greater control and 
more extensive observations under experimental conditions than does the in vivo 
method, but it is apparent that conditions set u p  artificially must be substantially 
equal to the environmental conditions in the intact rumen. Marston (20) devised 
a method for regulating the pH,  maintaining the temperature a t  39' C., and 
maintaining anaerobiosis by passing nitrogen through the system continuously. 
Louw et  al. (17) introduced a method for removing the lower fa t ty  acids formed 
during digestion by suspending a semipermeable sac in a large volume of growth 
medium, so the acids could dialyze out of the field of fermentation. The results 
obtained by Louw et al. showed that the rate of digestion of cellulose more 
rapid in the sen~iperineable sac than in a n  all-glass fermentation vat. More re- 
cently, Gall and Glaws (10) studied the bacteriology of both the semipermeable 

Received for  pi11)lication Jan .  25, 1952. 
1 Pul)lished with the approval of thc Director of thc Micliigan Agricultural Experiment 

Station as  Journal  article no. 1317. 
2 This study was made in pa r t  1vit11 funds l~roride(l  hy the Research and Marketing Act of 

1946, tllrougl~ a cooperntire project I)etween tho Micl~igall Agricu1tur:ll Ex1)eriment Station and 
the Bureau of Dairy Industry. 

3 Agent of the Bnreau of Dairy Industry, U.S.D.A. 
4 This article is pa r t  of a rlissertntioll presentecl to the Faculty of the Graduate School of 

Michigan State  College i n  llartinl fulfillmcnt of the requirements for  the degree of Master of 
Science. 
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system and the all-glass, impermeable system and found that  the gram stains and 
culturability of the microorganisms obtained from the semipermeable system 
compared favorably with those found in the original rumen contents. The im- 
permeable system gave poor culturability, altered gram stains and evidenced a 
lack of anaerobic organisms. 

Using modifications of the above techniques in the operation of a n  artificial 
rumen, incubation studies have been made to ascertain the persistency and effect 
of various antibiotics on rumen microflora and to obtain also information on the 
cellulolytic activity of the microflora in the presence of antibiotics. 

EXPERIMENTAL 

Modifications of the methods of Louw et al. (17) and Marston (20) were uti- 
lized in  making an artificial rumeii set-up. A semipermeable sac (Visking 
sausage casing) was suspended in a 2-1. large-mouth glass bottle which contained 
a complex salt solution somewhat similar to that  employed by Burroughs et al. 
(4) and Louw et  al. (17).  The salt solution contained 5.50 g. NaH,PO, . HzO, 
3.35 g. NaHCO,, 5.00 g. MgSO,. 7H20,  1.50 g. ICC1, 5.25 g. (NH,),SO,, 1.45 g. 
CaC1, . 2H20 ,  4.0 mg. FeSO, . 7H20,  4.0 mg. CoC1,. 6H,O, 4.0 mg. ZnSO, .7H,O 
and 2.0 mg. CuSO, . 5 H 2 0  in 2,000 ml. of distilled water. The solution was steri- 
lized in 2-1. quantities by autoclaving for 30 min. a t  15  lb. pressure. 

- - 

FIG. 1. A 11:rttrl.y of :~rtifici:rl rlrnleus nssrni1)lzil fo r  n diyrstiorl trial .  

The semipermeable sac was 1.75 in. in diameter and closed a t  the lower end 
with a no. 10 solid rubber stopper. The top of the sac was closed with a no. 10 
rubber stopper ~~hic.11 contained two small holes for the gas inlet and outlet tubes 
and a larger hole, fitted with a no. 00 solid rubber stopper, through which the 
rumen ingesta and antibiotics were added and samples removed for analysis. 
The upper no. 10 stopper was fitted into a no. 12 rubber stopper which fitted the 
mouth of the bottle. The no. 12  stopper also contained two additional holes, one 
for a mercury-sealed, air-driven stirrer and one for a hypodermic needle. Fig- 
ure 1 shows a battery of four artificial rumens assembled for a digestion trial. 
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Anaerobic conditions were maintained in the fermentation sac by bubbling 
oxygen-free CO, through the system continuously. After passing the C0, 
through a chromous acid solution to remove traces of O,, the CO, was washed in 
distilled water, dried over anhydrous CaCl,, sterilized by passage through an 
18-in. column of sterile cotton and then led into the fermentation system. The 
gas outlet consisted of a Kjeldahl connecting bulb which provided a trap for the 
liquid and foam that were forced up when the gas was flowing a t  a high rate. 
When the flow was decreased, the trapped liquid ran back into the fermentation 
sac. To expedite the dialysis of the by-products of cellulose digestion, the salt 
solution outside of the sac was kept in constant motion by use of a stirrer. 

To provide the substrate a t  about the 2 per cent level, approximately 4.0 g. of 
accurately weighed, finely ground Whatman no. 12 filter paper were placed in 
each sac. The total amount of cellulose in each sac was the added filter paper 
plus that introduced with the inoculum. Each sac was suspended in a bottle and 
the entire apparatus was assembled and sterilized by autoclaving for 15 min. a t  
15 lb. pressure. 

The rumen sample was collected in a sterile 1-1. Erlenmeyer flask fitted with 
a 3-hole rubber stopper which held a large funnel, a gas inlet and a gas outlet 
tube. The apparatus was insulated by several layers of brown paper. The 
liquid rumen ingesta were obtained during the height of digestion from a fistu- 
lated Holstein cow maintained on a normal hay and grain ration. The fistula 
cap was removed and the rubber gloves, worn while sampling, were "washed" 
with rumen ingesta to remove some of the contaminating microorganisms acquired 
when the cap was removed. A pocket was dug in the rumen contents to facilitate 
the removal of the more liquid portions. The sample was removed from the 
pocket with a sterile cup and filtered through six layers of sterile cheese cloth. 
The semi-solid portion was squeezed manually to remove the liquid in close con- 
tact with the partially disintegrated hay. Throughout the collection period, oxy- 
gen-free CO, was bubbled through the flask to maintain as near to anaerobic con- 
ditions as possible. The flask was completely filled with rumen fluid and immedi- 
ately taken to the laboratory. 

Two hundred-ml. aliquots of the rumen liquid were pipetted into each of the 
sacs containing the cellulose. The fermentation vessels were placed in a water 
bath with the temperature thermostatically controlled a t  40 & lo C. The salt 
solution was added to each bottle until the aqueous levels were the same on both 
sides of the sac. Equivalent quantities of the antibiotic then were added to the 
sac and to the salt solution so the concentration was the same on both sides of 
the membrane. The entire contents within the sac were mixed vigorously by 
bubbling CO, through the mixture for 5 min. and then the rate of flow was de- 
creased to impart a slow movement. The stirrers were started to keep the salt 
solution in constant motion. Fermentation was terminated at  the end of 24 hr. 
by adding 10 ml. of a 1: 10 solution of Roccal and storing the ingesta under re- 
frigeration. The concentration of the antibiotic and the p H  were checked 
periodically and the acids were neutralized with 1 N Na,CO, to maintain the p H  
between 6.2 and 6.8. 



The antibiotics employed were penicillin-G, crystalline sodium salt, lot no. 
06298-F, Parke, Davis & Co.; streptomycin, CaC1, complex, lot no. 2147, Merclr 
& Co., Inc.; neomycin sulfate, research no. 9273-4, The Upjohn Co.; and chloro- 
mycetin (synthetic), lot no. 134007, Parke, Davis & Co. 

The antibiotics were assayed by the expedient method of Loo et  al. ( l 5 ) ,  ex- 
cept that paper discs were used as reservoirs instead of the usual porcelain cyl- 
inders. Bacto-mycin assay agar was used for neomycin, streptomycin and chloro- 
mycetin. The pI3 of the agar was adjusted to 7.0 for chlorornycetin. Penn- 
assay base agar and Penn-assay seed agar were used for penicillin. The test or- 
ganism was B. sz~btilis (A.T.T.C. 3R8788). A spore suspension with a viable 
count of 27,000,000 per milliliter was nsed as the inoculunl. Standard curves of 
each antibiotic were obtained by dissolving a weighed amount of the dry  anti- 
biotic in a known volume of phosphate buffer, adjusted to pI3 7.9 for neolnycill 
and streptomycin, p H  6.0 for penicillin and p H  7.0 for chloromycetin. The 
stock solutions were diluted to give concentrations equal to the highest concentra- 
tion employed ill the fermentation sac and then serially diluted to five gradient 
concentrations. Standard curves were based on six replicas. The antibiotic in 
the fermentation ingesta was determined every 4 to 5 hr. by the same procedure. 
One-half nil. of the thoroughly mixed ingesta was removed and seeded on the 
assay plate with filter paper discs. One disc on each plate was saturated with 
the antibiotic standard to check against variations in the time of inci~bation, 
media, etc. Each antibiotic assay was done in  triplicate. 

The method of Crampton and Maynard (7) was used for the determination of 
cellulose. The amount of cellnlose was determined in a 200-ml. aliquot of rumen 
ingesta which had not been incubated and this value was added to the weighed 
amounts of cellulose to obtain the total amount i n  each sac. 

RESULTS 

The antibiotics in the aqueous phase of the rumen ingesta were measured 
periodically to obtain some indication of the rate of disappearance during the 
fermentation. The zone of inhibition of each assay was evaluated in terms of an  
antibiotic unit by comparison with the standard curve. The antibiotic persistency 
curves were obtained by plotting the effective concentration against incubation 
time. Figure 2 shows that all concentrations of penicillin dropped rapidly to 
less than 25 per cent of the original value within 45 min. after i t  had been added 
and then persisted a t  a constant level throughout the duration of the fermentation. 

Figure 3 shows that all concentrations of streptomycin increased markedly 
above the initial level within the first 45 min. and persisted for approximately 
14  hr. before the concentrations began to decline. A t  the end of 24 hr., the con- 
centrations were only slightly lower than the initial levels. The top dilution of 
streptomycin usecl to cleterriline the standard cnrve was only 50.5y, because 
higher experimental values mere not antiripated. Estimated values, therefore, 
were usecl to locate the first three points on the cnrve presented for the 50y con- 
centration. These points were obtained by extending the slope of the standard 
curve to determine the estimated concentration a t  the three assay periods. A syn- 



FIG. 2.  Tile 
ingesta. 
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Alnitiol Concentration = 5 v  per ml. 

4 8 12 16 2 0  24 
PERIOD OF INCUBATION IN HOURS 

in vitro rate of disappearance of pc~lirillin ill the aqueous 

FIG. 
ingcstn. 

70 

Oln~t~o l  Ccncentrot~m *25r per ml. 
~ ln l l lo l  Concentrotlon *I.SY per ml. 

C 9 "- 

10 - 
- 

0 I t -  1 ' 1  I 1 " 1 1 1 1  
8  12 I6 20 24 28 

PERIOD OF INCUBATION I N  nouus 

3. Tllc. in t-ilro rate of disapl>earal~cv of s t r r l > t o m ~ c i ~ ~  in tllc aqueous 

phase 

phase 



576 R. H. WASSERMAN ET AL 

ergistic action with some other constituent in the rumen ingesta may have been 
responsible for the apparent increase in streptomycin concentration. 

The concentrations of neomycin dropped to approximately 60 per cent of the 
original values during the first 45 min, and then remained fairly constant for 
the next 7 hr. in the preselice of the runien ingesta. After this time a gradual 
disappearance mas evident, but the aqueous phase still contained 50 per cent of 
the original amounts after 24 hr. of incubation (fig. 4). Chloromycetin, how- 

0 ' 1  1 I " " " ' "  
8 12 16 20 24 

PERIOD OF INCUBATION IN HOURS 

50 

FIG. 4. Tlie in vitro rate of disappeamncc of neomyein in the aqueous phase of rumen 
ingesta. 

i 4 0 -  

K W 

U) 

9 

ever, disappeared rapidly from the aqueous rumen ingesta. One-third of the 
antibiotic disappeared within 30 min. in the sac containing 50y per milliliter, 
whereas, 60 per cent disappeared in the same time from the sac containing 25y 
per milliliter. The 6-hr. assay failed to detect any antibiotic in the aqueous 
phase of the rumen ingesta. The broken line in this figure was included to indi- 
cate that the concentration of chloromycetin was less than 9y. 

Table 1 shows the influence of the various antibiotics on the cellulolytic frac- 
tion of the associative population. The lower concentrations of penicillin (5 and 
7.5 units per milliliter) stimulated cellulose digestion, but 15 units inhibited di- 
gestion. A11 of the concentrations of neomycin employed in this work increased 
cellulose digestion, but the stimulatory effects were inversely proportional to the 
concentrations. Streptomycin did not influence cellnlolytic activity significantly 
vhen the concentration was 1 2 . 5 ~  per milliliter, but activity was decreased mark- 

xlnitial Concentration = 50 v per ml. 
Olnitial Concentration = 257 per ml. 

r 
z 
P 5 20 
K 

z 
0 - 

10 - 
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TABLE 1 

The effect of antibiotics on in vitro cell~rlose d i g r s t i o ~ ~  

Ccllulose 
Antibiotics Concentration Deviation from 

Total Digested Digested8 control 

y/.ml. 
Streptomycin ..................... 50.0 

25.0 
12.5 
0 

Chloromycetin ............... 50.0 
25.0 

0 

a Amount of cellulose digested/gram of total cellulose. 

FIG. 5. The 
ingesta. 

A Initial Gonuntrotion = XJ Y Par ml. 
Olnitial Conealrolion 25  Y p r  ml. 

--Estimated Ronpe 

-\ 
-\ 

' " b " " l  6 0 I2 

PERIOD OF INCUBATION IN HOURS 

in  vitro rate of clisappearancc of chloromycetin in the aqueous 
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edly a t  the higher concentrations. Chloroinycetin, in the concentrations em- 
ployed, markedly inhibited the cellulolytic activity of the rumen microorganisms. 

Periodic antibiotic a w y s  were made over a 24-hr. period on a heterogenons 
mixture of cellulose, aqueous rumen contents ancl varions antibiotics to determine 
the effective concentrations of the antibiotics in the aqueous phase. The filter 
paper disc method was found to be sufficiently sensitive to cleterniine the concen- 
trations throughout the fermentation period for penicillin, streptoinycin and 
neomycin, but chloro~nycetin could not be detected at the 6-hr. period. From 
this, it  can only be assuiiled that the concclntration of chloroniycetin was less than 
By per milliliter a t  the 6-hr. assay. 

Bliss and Todd (3) coinpareil eight antibiotics in regard to ~ninimal inhibi- 
tory concentrations for grain positive cocci and grain nepatire bacdli an(1 fo~ ind  
that 4 units of penicillin per milliliter inhibited the most resistant n~icroorganisms. 
Chloroinycetin inhibited grain positive cocci and gram negative bacilli in ron- 
centrations from 1.2 to 10 and 1.25 to 25y per milliliter, respectively. With strc~p- 
tomycin, a microorganism is co~isideretl sensitire if i t  is i i i l~ibit~tl  by concentra- 
tions of loy  or lrss per milliliter (22). In view of these obsc>rvations, the cellnlo- 
lytic fraction of rumen microorgai~isms appears to be cornparatirely resistant to 
penic.illin and neom)-(*in, inoderately sensitive to streptomycin ilncl sensitive, to 
chloroinyc~c~tin. 

Cohe~i (6 )  reporter1 that streptomycin is atlsorhetl on cellnlosc~. TTenry and 
Hobby ( 1 3 )  s l ~ g g e s t ~ d  that the adsorption of this antibiotic. by cellulose would 
affect the a c t i ~ ~ i t -  of the drug only to the degree of the retlnctioii of free strepto- 
mycin in the mrdiurn. From the results obtained in this investigation, i t  is as- 
smnrd thilt any adsorbetl streptomycin ~ ~ ~ o u l c l  still b(1 available for bacteriostatic 
or bactericidal activity, since the drug ~vonlcl be adsorbed on the cellulosr sub- 
strate of the cellnlolytic bacteria. The atlsorptioiz phenon~~noa  probably applies 
also to other antibiotics. Th(. aclsorbed antibiotics could not be estimatt~il by the 
assay methot1 employed, but the results inclicate thr relative concentrations in 
thr  aqneons phase. 

Recent studies with prowing mice, chicks, youna pips and r a l ~ ~ e s  have sho\~,n 
that certain antibiotics increase the rate of growth of these animals (24, 21, 11, 
18, 16, 23). Bell e t  01. (2 )  reported, however, that aureomycin tlecreased the 
digestibility of crude fiber i11 steers on a balance trial inrolviiig urea. The ob- 
served changes are undoubtedly the result of a change in the microbial popnla- 
tion inhabiting the intestinal tract. The present i n  v i f r o  study was employed to 
indicate possible stininlatory antibiotics. The data suggest that the lower con- 
centrations of penicillin and streptomycin and all concentrations of neomycin ap- 
peared to be stimulatory, whereas higher co~icentrations of streptomycin and 
chloromycetin inhibited cellnlolytic activity. Further work is in progress to 
study the physiological processes when various antibiotics are incorporated in the 
ration of ruminants ( 5 ) .  



SUMMARY 

The effect of penicillia, streptoinycain, neoinycin and chloromycetin on in vifro 
cell~~lose digestion was studied. 

Periodic antibiotic as.;ays showect that the conceiltratioil of streptomyciil in- 
creased above the initial level during the first 8 hr. and persisted a t  a high lcvel 
throughout the 24-hr. period. Approxinlately 40 per ceiit of the neomyciil dis- 
appeared within 45 mi11. a i d  then the rate of t1isappearanc.e was slow for the rest 
of the periocl. The co~lceiltration of penicillin dropped to less than 25 per cent 
of the original value ~vithin 4.5 min. and then persisted a t  a constaat level for the 
rest of the period. The levrl of chloroltlycetiil decreased rapidly and was not cle- 
tectable after 4 hr. 

I n  the (.oncentrations usctl, penicillill stim~~latecl the cellulolytic nunen micro- 
organisllls a t  the lower concentrations, lleonlycill was stimulatory in all coacen- 
trations, streptoillyciil m s  slightly stimulatory in the lowest concelitration aild 
chloromycetii~ adversely aRected the microorgaiiisnls. 
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RIKOFLAVIS STTTI)IES WIT11 CALVES. I. PREPARATIOS OF A 
RIROFLATr1S-DEFICIEST AIILIC1 ," 

E. G. MOODY,? S. 3f. HAUGE AND S. S. LUNDQUIST 

I)rpartit~ents of Dairy 17t~sbandr~l and Agricriltlrral Ckemistr!l, 
Ptrrdrrr Cir~vrratt!l, I,nfayrlle, I~rtliana 

A desire to investigate riboflavin iiictabolisrn in young calves prompted the 
development of a riboflavin-deficient ration. For similar studies, Wiese e t  al. 
(10) nsrd a diet of "synthetic" reconstitutrd rnilk and Warner and Sntton (8) 
used a technique of ultra-violet irradiation to destroy the riboflavin in liquid millr, 
using a 400-IV. mercury vapor lamp emitting rays longer than 3000 .I. This tech- 
niclr~e of ultra-violet photolysis was nlodifiecl by Brisson and Slitton (2 ) ,  who ob- 
tained approxi~nately 97 per rent riboflavin destruction in batches of 33 to 33 lb. 
of milk within 4.5 hr. I n  this latter ease, photolysis took place in a photolyzing 
chamber specially designed to afford inasiinu~n surface exposure while increasing 
the temperature to 60 to 65' C. After investigating an irradiation procedure, 
the present authors made further studies to Sncl a method by which the riboflavin 
conlcl be removed Inore rapidly from large quantities of milk with a minimum 
change in the flavor or other characteristics. Since 90 per cent of the riboflavin 
in milk is in the unbound state (5)  and since riboflavin is adsorbed by Florisil 
(3) ,  the possibility of preparing the desired prodnct by chromatographic pro- 
cedlirrs was inrestigatetl. 

I)e.struction, of riboflavitz b y  ultra-violet  irvaclintio~t. Three gal. of skiinmilk 
were placed in a pyrex jar 18 in. ill diameter with the surface of the milk 9 in. 
direcdtly b ~ l o w  the sonrc.1. of light. The inilk was s~tbjectetl to irriidiation from a 
600-w., 13.r)-cn~. ql l i l r t~ I I I P ~ ( ~ I I ~ ~  vapor 1anip4 ~ v h i l ~  bc~ing stirrt,tl mc~c~ha~lic~all~~.  

ITnder thest. contlitions, the drstnlctioll of riboflavin was relativ(~1y s101j- a t  
room trmprrature (fig. I ) ,  IPS.; than 90 pr r  cvnt tlrstrncAtion occ.nrring (Inring 
12 hr. of irradiation. F i r e  hr. of irradiation iit 60 to (is0 (2. rrcluced the ribo- 
flavin to lrqs than 0.15 nig. per liter, as clcterinined inicrobiologically (6).  The 
nlilk naq heated bj- hot plat? or by t~1.0 infra-recl and tn-o flood lamps. The 
longer wave lengths fro111 these lamps did not appear to increase materially the 
rate of riboflavin destruction. The treated milk a.;.;n~ned a d1111, chalky white 
color and a strongl>- oxidized flavor. 

R e n ~ o v a l  of ribofTnr!in I)!/  chronrntogrnph!/. Florisil (1.5 to 2.0 lb. of 60/100 
mesh) was usecl in preparing a cohlmn 3 in. in diameter. The rate of flolv mas 
regulated to 5 gal. of millr per hour by vacullrn. Skirnmilk was effectively chro- 
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matographed cold, but whole milk had to be treated immediately after milking, 
or it required warming to about 45" C. to prevent clogging of the column, pre- 
sumably by liquefying the fat. The flavor was not noticeably altered, but the 
color of the skiminilk and of the milk belo~v the cream line of the whole milk was 
a dull, chalky white. The cream layer appeared to be nnalterecl. 

The Florisil was reclaimecl by successively washing with warm water, acetone 
or ethanol, ancl finally ashiilg a t  600 to 650' C. 

AQUEOUS SOLUTION 2 
MlLK 60 . -65 .  C 
MILK 20.- 25.C 

.- 

ULTRAVIOLET IRRADIATION (HR ) 

FIG. 1. Destruction by ultra-violet irradiation of riboflavin in an nrlueous solution 
in milk a t  60-65" C. and a t  20-35" C. 

and 

Riboflavin assny. Untreated and treated milks mere assayed for riboflavin by 
fluorometric procedures (4) using a Coleman model 12 photofluorolneter to 

TABLE 1 

Comparison of riboflavin assay proced~tres for  antrc.ated and treated milk 

Untreateil milk Cl~romatographed milk 

Treatment of smnple No. 
sam- 
ples 

Plzotoflztorometric r7etern~ination: 
...... 67% acetone extract (3)  26 

Microbiological detrrmination: 
Direct addition to tnbes (5)  12 
pH 4.5 filtrate (6)  .................... 5 
67% acetone extract of 

hydrolyzed sample ........................ 
...... 67% acetone extr:~t*t of milk 

pH 4.5 filtrate (motlifietl 
stand:~rd curve) ........................... 

Range 2:: No. R? 
Sam- Range 9:;:- re- 
ples moved 
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measure the fluorescence aiicl/or by inicrobiological technicjues (6, 7).  The values 
as sumalarizecl in table 1 represent results obtained from 1949-1951 and do not 
necessarily represent different aqsays of the same sample of milk. 

Fluorometric and microbiological assay procetllires mere coinparable for un- 
treated milk. Howerer, it was observed that  the fluorometric assays gave con- 
sistently lower value? than those obtained by the inicrobiological iiiethod when 
applied to the low-potency treated mill<. I n  thr  microbiological aqsays where 
diluted milk was aclclecl directly to the tnbes ( 6 ) ,  high v a l u ~ s  were obtained. The 
extraction of soilzc samples with ether (7 )  nst~ally pare lo~ver values. I-Iowever, 
if the milli were hyclrolyzed by autoclaviiig with 0.1 11' I3C1 a t  15 lb. pressure for 
15 mill., filtered a t  p H  4.5 and a neutralized aliclnot of the filtrate added to the 
tubes, lower ralnes were obtained. Con~parable resnlts usually were obtaineil 
with samples which hacl been (1igestc.d with taka-diastase and papain or with 
0.1 S HC1. 

The possibility existed that the discrepancies in the values obtained by the 
fluorometric ancl the microbiological dcterininatioas of treated milk might be due 
to differences in efficiency of extraction methods, rather than in the methods of 
estimation. Samples of hydrolyzed and unhyclrolyzed inilk were extracted ~ i t h  
67 per cent acetone. After vacuum removal of the aretone, aqueous solutions 
were assayed microbiologically. The vallxes obtained with the hydrolyzed milk 
approximated 0.11 mg. per liter, while those with the uiihydrolyzed milk were 
0.03 nig. per liter; this latter value compared favorably with 0.034, which was 
obtained with the fluorometric method (4).  These results suggested that  67 per 
cent acetone fails to extract all of the riboflavin frorri midigested milk. It also 
indicated that microbiological assay would give similar values to the flnorometric 
values on the same extract. 

To eliminate the effect on the assay results of any possible growth-stimulating 
substances in the filtrate of acid-hydrolyzed milli, 1 ml. of this filtrate was added 
to the nlediuni of both the standard and assay tubes. This modification gave 
values of about 0.12 mg. per liter, as compared with 0.26 per liter when such pre- 
caution was not used. The values obtained with this modification were compar- 
able to those obtained by the assay of the acetone extract of the same niilk, 0.12 
and 0.11 mg. per liter, respectively. Apparently, the eeect of unknown stimu- 
lants thus was eliminated and these latter values probably more closely approxi- 
mate the true values of the riboflavin present in chronlatographed milk. 

Additional vitamins adsorbed. To test the possibility that other vitamills be- 
sides riboflavin might be removed from the milk by chromatography, feeding tests 
were condncteil with rats. Weanling rats, 40 to 50 g., were fed a basal ratioll 
consisting of 400 g. "vitamin-free" casein, 100 g. hydrogenated cottonseed oil, 
1519 g. cerelose, 80 g. minerals, 1 g. cod liver oil and milk ad libitum. The vita- 
min supplements were fed daily in solution in castor cups. TTTeelily ga i i~s  were 
measured. The design of the tests and results are given in table 2. 

Trial I indicateil that the treated niilk x i s  deficient in factors other than ribo- 
flavin. Supplementation of the riboflavin-fortified chrornatographed milk with 
thiamine, calcium pantothenate, pyridoxine and choline during the fourth wee]< 



gave an ilnlnediate growth response, inclicatiug that the chromatographed nlilli 
was deficient in a t  least one of these aclcled vitamins. 

Trinl I1 
1. Ut~treatc(l m i l k  + J?-vitnn~it~sI~ ....................................................... 22.0 34.8 30.8 29.5 
2 .Trc :1 tedmi lk+R- r i tnmins  ............................................................... 29.3 33.3 34.8 30.3 
3. Tro:~terl 111i1k t 1<-vit:1111irrs exccpt tlrinmit~e ................................. 21.3 17.5 0.3 45.0 
4. Trc.:tted milk t R - v i t i l t ~ ~ i r ~ s  exc~q~t C : I ~ C ~ I I I I I  l)atltotl~e~ri~tc ... 3 . 5  31.0 28.8 28.3 
5. Trc-:1tet1 milk t R - v i t : ~ ~ n i l ~ s  except pyrirlosine ........................ 21.0 31.8 2 0  30.8 
6. Trcatetl milk + R-v i t an~ i r~s  escc.pt rl~oli~te ..................................... 19.8 23.3 24.3 22.3 

3Iissi11g f:rcstor ptbr lot ~v:imupl~Iicrl tlre e t ~ d  of the 3rd ~~-t~c'k.  
b 13-vitamins it~rl~~tle(l the following tlailp :rmounts ( y )  : riboflavin, 40; ti~iamine, 20; 

calcir~rn p:~rrt~otlrct~nt(~, 10;  pyritlosinc, 9 ;  ntld clrolinc~, 4,000. 

Trial I1 mas tlesigned to cletrrn~ine which of the four vitamins had been re- 
moved iiz addition to the riboflavin. The tests indicated that  thiamine v7as defi- 
nitely deficient a~l t l  possibly choline. The deficirnc- of thiamine in the chromato- 
graphed milk was confirmeti by analysis, 11sing the f l ~ ~ o r o u ~ ~ t r i c  n~ethod (1). T l i ~  
thiaminc contents of mill; sa~nples before illld i~f ter  chron~atogritphy were as 
f olloms : 

TJntreatrd Cllromatographecl Pcr  cent 
( nv . /L .  1 ( n ~ g . / L . )  re~noved 

0.405 0.054 86.7 
0.473 0.05!1 87.6 
0.347 0.017 86.1 

The eholinc~ contents of ~uill; before ant1 after chro~uatography were detrr- 
minetl by ;I modific~iltion of the Enpel method, (9)  which indicatc>cl little or 110 

loss of choline (luring chronlatography. 
A slight loss of butterfat during chro~natograplly was indicated by IZ~bco('li 

tests which showed that the mill< coiltai~led 3.9 to 4.2 anil 3.7 to 4.0 per cent bnt- 
terfat, respectively, before and after chr~iiiatography. 

DTSCUSSIOS 

The ~.rsults prescntc~cl in fip. 1 %Iio~f. that although the destruction of ribo- 
flavin by irrailiation with ultra-violet light ~viis fairly rapid in aqueous solntion, 
the destrllction in mill< was relatirely slow at roo111 tcmperatnrc but mmlch more 
rapid at hiphrr tcmpc>riit~irc~s. Although the photolyzinp proc*tbss ctfcctirely de- 
stroyr(1 nlorr tha11 90 per (2cl~~t of t h ~  riboflavin in milk, the rate of destrucdtion 
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using these techniques woulii liinit the aruonnt of milk that could be prepared 
and, consequently, the number of calves that could be maintained on the experi- 
mental diet a t  any one time. 

Chromatography offerecl a possibility of preparing large quantities of milk in 
a relatively short time. Of the possible adsorbents, Florisil had the advantage 
of not only adi;orbing riboflavin but, because of it.; white color, it was easy to 
follow this proce\s on the column. I t  was fonnil that riboflavin and thiamine 
probably were the only v i t a~ i~ ins  removed from milk. Thrre appeared to be no 
altcration in flavor or ~ o n s i s t e n ~ y  of the milk. This indic2atc.d that chromato- 
graphed milk might be used in the diet to study the riboflavin metabolism of 
calves. 

Furthermore, the procrss offers a practical and inexpensive means of pro- 
ducing a thiamine-deficient diet for studies of this vitamin. Inasmuch as the 
flavor of chromatographed milk apparently is unaffected, the tec~hnique might 
have some value also in human nutrition stndies. 

The apparent disc~repaneies in the riboflavin vahles obtained by the photo- 
fluorometric method and the usual microbiological assay were disconcerting until 
i t  mas found that  the microbiological assays of the acetone extract of milk gave 
ralucs comparable to those obtained by the photoflnoron~etric ~nc.thod. This ob- 
servation indicateci that  the low fluorometric values obtained were due to incom- 
plete extraction of riboflavin by the acetone. This became evident when acetone 
extracts of hydrolyzed milk gave higher rnierobiologic~al values. The results of 
this experiment indicate that acetone extracts only the free riboflavin and not 
the bound form, which conch~sion is in contradiction to the opinion of Hand (4)  
who stated that both forms were extracted. Relatively, this 10 per cent of the 
riboflavin that  is bound has a greater effect on assay resnlts of low-potency milk 
than of ~mtrea ted  milk. 

The high values which were obtained by mic'robiologic~al assay were found to 
be due to growth stimulants in the millr not removed by usual extracting tech- 
niques. When the procedure was modified to minimize the effect of their pres- 
ence, the values obtained with acicl-hydrolyzecl rnillr by the nlicrobiological assay 
approached those obtained with the acetone extract of the same samples. 

Since about 90 per cent of the riboflavin in nlillr is in the free state, i t  is likely 
that chromatography can remove no more than this a ~ n o ~ l n t  (table 1 ) . 

SUMMARY 

A low-riboflavin potency inilk witable for esperin~c.ntal feeding was obtained 
either by photolysis with ultra-violet light or by chromatography with Florisil. 

Chromatography removed from normal milk abol~t  90 per cent of the ribo- 
flavin and 85 per cent of the thiamine, yielding a product containing abo11t 0.12 
and 0.053 mg. per liter, respectirely. Othw eonst i t~~ents  and properties, inclucl- 
ing flavor, apparently were unaffected by chromatography. 

The low-potency milk yielcletl a value of 0.22 mp. riboflavin per liter when 
assayed by orclinary inirrobiologi~al proc*c~clnres and 0.034 mg. per liter ~ ~ h r n  the 
wc>etorlcJ clxtract was assayed photoflnoro~iietrieally ; however, a more precise value 



586 E. G .  MOODY ET AL 

of 0.12 ing. riboflavin per liter was obtained when the modifications described 
herein were employed. 
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T H E  RELATION O F  PREPARTAL AND POSTPARTAL MISERAL 
BALANCES TO T H E  OCCURRENCE O F  PARTURIENT 

PARESIS I N  DAIRY COWS'. 2n 

GERALD M. WARD,4.s T. H. BLOSSER* AND 31. F. ADAMS'; 

Tlie State  College of WasAington, Pullman 

Much information is available in the scientific literature concerning the levels 
of various mineral elements in the blood of dairy cows a t  the time of parturition. 
It also is known that the blood levels of certain of these elements, e.g., Ca, Mg, P, 
differ greatly from normal in cows afflicted with parturient paresis (milk fever). 
Knowledge of the mineral levels in the blood of co~vs with this disorder is inter- 
esting, but without supporting information it does little to elucidate the etiology 
of the disease. 

The authors have been unable to find a study of the complete mineral balance 
picture in a number of cows near the time of parturition. If such information 
were available, any differences in the prepartal and postpartal balances between 
normally calving and milk-fever cows could be noted and related to the occurrence 
of milk fever. 

The balance studies of Forbes e t  al. (4) included studies on nine cows near 
the time of parturition. These workers found that Ca excretion in the urine was 
lowest in cows recently fresh, and that C1 excretion was highest in dry  cows. Na 
and K balances did not appear to be related. 

The urinary excretion studies by Blosser and Smith (1) showed no definite 
relation between the blood picture for Ca, Mg and P ,  and the urinary excretion 
of these constituents. However, Mg excretion via urinary channels was much 
higher between 16 and 3 days prepartum in cows subsequently developing milk 
Eever than in normally calving cows. 

The purpose of the experiment reported herein 1vas to study the complete 
mineral balance picture on certain minerals near the time of parturition in sev- 
eral cows, some of which were expected to have milk fever. 

Sixteen parturitions were studied in 14 cows selected from The State College 
of Washington dairy herd. The com7s in this study were divided into four groups : 
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Group I ,  mature Jersey cows which calvecl iiormally; Group 11, mature Jerseys 
which subsequently developed milk fever; C:ronp TIT,  first-calf Jersey heifers; 
and Group IV, mature Guernseys and IIolsteins. Iqve parturitions mere studiecl 
in Group I ,  three in Group 11, four in Group I11 and four in Group IV. I n  the 
latter group, there were two Guernseys and two I-Iolsteins. A schedule was set u p  
to collect blood, urine ant1 fecw samples from all cows on the 30th, 15th and 10th 
days, and for 5 consecutive days prior to calving. Difficulty in predicting the 
date of parturition resulted in a paucity of information on some animals, par- 
tic4ularly the primiparous group (Group 111), while more data than intended 
were collectecl on other cows. The same materials were collected on the day of 
calving, for 5 eonsecuti~e days thereafter, and on the loth,  15th and 30th days 
postpartum. 

Blood samples were drawn from the external jugular vein, using heparin as 
the anticoagulant, a t  the beginning and end of each collection day. A11 milk 
was removed from the udder twice daily and weighed and the calf fed from thi? 
milk. All feed was 1%-eighed on the clay of collection ancl for 2 days previously, 
and any feed refnsed was weighed back. 

The total daily excretion of feces was collected in a collection stall moilelcd 
after one described by Forbes e t  al. (3) .  Urine was collected a t  2-hr. intervals 
by stim~~lation. The feces were weighed a t  the end of the 24-hr. collection period. 
mixed thoroughly, a representative sample taken and dried in an  electric oven 
and then grouncl. The urine vias collected nnder tolurne, the volnme measured 
and a representative sample to be used for analysis wa.; aciclified .with HSOI to 
approximately p H  3.0 to prevent formation of insoluble phosphates ancl car- 
bonates. Blood, milk feces and feed samples werc wet ashetl with I I S O ,  and 
HClO,. Blood serum Ca on all sanlples was detcrniined by the lnethod of Clark 
and Collip (2). Ca on all other sa~nples was deternlinetl by the ~netliocl of 3lorris 
a t  nl. ( 6 ) .  Na and R in whole bloocl were determined with a Beckman Alotlel DTT 
flame photometer. C1 n-as determined in feces and feed by the Volhard method 
(8) and blood sernin and n r ina r -  chlorides by the method of Sendroy ('i), as 
modified by Trail Slylre ant1 ITilli(>r. K'a and R in the nrine were determineil with 
the flame photonieter after appropriate clilutioil with water. 

RESULTS 

Since the clata are too estrnsire to be prt>sented in tabular form for the indi- 
vidual cows, the average data for the fonr gronps of cows are prcwnted graph- 
ically in figures 1 and 2. Wart1 a t  al .  (9)  have presented, in a prclrious pnblica- 
tion. detailed data on fonr of the c20nrs used in this stncly. Complete feed intake 
data, blood lelrels and esc~retion iltita also arc available for each cow (10).  The 
average blood levels ant1 total daily nrinary escretion of I<, S a  and chloriilc~ 
for the fonr groups of c o ~ ~ s  arc presentetl. primarily for conrenienre in figure 1. 
The blood Ca levels near the time of partnrition were fonnd to be similar to 
those reported many times for normally calving and ~izillr-fever cows. Ca excre- 
tion in the urine was very lo~v t ~ n d  bore no relation to the blood levels. For 
these reasons, the Ca data are oniittetl from fignre I. 



3llNERAL BALANCE 589 

Blood stzidies. F i g ~ ~ r e  1 shows that the ~vhole-blood I< levels mere subject to 
less drastic fluctuations than the levels of the other constituents stndied. At  10 
days preparturn, all groups had nearly the same level of bloocl I<. Betn-een 5 
clays preparturn and the day of parturition, blood IC shelved a general, if not 

C R W P I  MATURE JERSNS GROUP Il MATURE JERSEYS 
CALVING NORMALLY DEVELOPING MILK FEVER 

10 

MS P R E P W  DAV OF DAVS POSTPARTUU 
c u w m  

FIG. 1. Blood and urinary levels of S:r, Ii a1111 cl~lorides for dairy cows a t  the t i~nc  of 
parturition. 

very market1 increase. The niost noticeable postpartal change in blood IC was in 
the milk-fever group, in which thr levels dropped marlredly between 3 and 9 to 13 
days postpartum. 
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I n  all four groups of cows, the level of blood Na decreased near the time of 
parturition. I n  the mature Jersey cows calving normally, average blood Na 
levels increased on the day of calving and decreased in the days following. The 
average blood Na levels for the milk-fever cows were the lowest on the days pre- 
ceding parturition, while the Na values for the other two groups were lowest on 

GROUP I MATURE JERSEYS GROUP II MATURE JERSEYS 
CALVING NORMALLY INTIII(E - DEVELOPING MILK FEVER 

2 0 0  . . , , , , , , , EXCRETION---- 

GROUP IP MATURE GUERNSEYS 
AND HOLSTEINS 

I0 17-11 10-6 5-3 2-1 0 1-2 3-5 10-12 15-nPJ-34 
DAYS PREPARTUY DAY OF DAYS POSTPARTUM 

CALVING 

18 17-11 1 0 4  5-3 2-1 0 1-2 3-5 0.P I 5 4 1  29.3 
DAYS PWPARTUY DAY Cf O A n  POSTPARTUM 

CALVINO 

FIG. 2. Intake axid excretion of Ca, N a  and R for dairy co~rs  at  the time of parturition. 

the day of calving. The postpartal picture for blood Na in the various groups 
was very erratic, and, because of the limited amount of data, it  is difficult to 
describe any trend. 

There was a general trend toward higher levels of blood-serum chlorides near 
the day of parturition. With the exception of the cows developing milk fever, 
blood chloride levels dropped sharply to levels lower than those found preparturn. 
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Blood chloride levels in the milk-fever cows increased immediately following par- 
turition and were later maintained a t  levels similar to those found prepartum. 

Urinary excretiolz. The urinary excretion of all constituents decreased a t  
the time of parturition, but the prepartal picture for all groups did not follow 
exactly the same pattern. The decreased excretion of minerals in the urine a t  
this time can not be explained by a decreased volume of urine, since in most cases 
an  increased rolume of urine was voided. I n  some cases an  abnormally large 
amount of very dilute nrine was excreted f o l l o ~ ~ ~ i n g  parturition. The volume of 
urine excreted on the day of calving ranged from 3.8 to 22.5 1. The normal 
urine volume was closely related to the body  eight of the cow. I< accounts for 
most of the cation excreted in the urine. The most precipitous drop in the ex- 
cretion of K occurred in the case of the cows which developed milk fever. I n  
this group the decline as parturition approached was gradual until 2 days pre- 
partum, a t  which time there was a great drop in R nntil the day of parturition. 
There also was a sharp decline in K excretion in the mature Guernseys and Hol- 
steins, but in this group the decline started a t  18 days prepartum and continued 
until the day of parturition. The prepartal decline in urinary K excretion was 
quite gradual in the mature Jerseys. The first-calf Jerseys were the only group 
in which marlred changrs in urinary K excretion did not occur during the period 
studied. This group did not vary markedly from 120 g. urinary I< per day dur- 
ing the entire course of the study. 

The postpartal I< excretion was similar in all groups except the mature Guern- 
seys and Holsteins. This group showed a tremendous increase in urinary K es- 
cretion between the day of parturition and 3 clays postpartum (from 80 g. to 
180 g. daily). I< excretion had declined again by days 4 and 5 postpartum and 
increased from this time to 9 to 12 days postpartuin, a t  ~vhich time excretion of 
this constituent leveled off a t  about 170 g. per day. 

The urinary excretion of Na and chloride salts mas not of the magnitude of K 
excretion. Urinary Na excretion followed much the same pattern in all groups 
prepartum. Also i t  was nearly the same postpartum, except in the group which 
developed milk fever. I n  this group, the S a  excretion increased considerably 
between 9 and 12 days postpartum, while all other groups were excreting nearly 
the same amounts of urinary Na as they had prepartum. 

Urinary chloride excretion decreased in all groups as parturition approached. 
This decline was gradual in the milk-fever and mature Guernseys and Holstein 
group, but quite abrupt in the first-calf Jerseys and mature Jerseys. I n  the 
latter two groups, the nrinary chloride excretion was more than double the ex- 
cretion of chloride in the milk-fever cows or the mature Guernseys and I-Iolsteins 
between 5 and 2 days prepartum. 

The postpartal urinary excretion of chloricles follon~ed much the same pattern 
in all groups, until 9 to 12 days postpartum. From this point on, the cows 
which had had milk fever increased much more rapidly in chloride excretion, 
until 29 to 34 days postpartum, than did cows in the other groups. 

Mineral balance pictzcre. This study furnished some of the most interesting 
information gathered clnring the conrse of the esperiment. Figure 2 presents 
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graphically the intake and excretion of B, I\'a and Ca by the four groups of cows. 
Similar data for chlorides are not included, because complete clata were available 
on only a few of the cows. 

The I< balance prepartum was definitely positive in the case of the first-calf 
Jerseys, borderline in the case of the mature Jerseys calving normally and the 
mature Guernseys and Holsteins and consistently negative for the milk-fever cows. 
The postpartal picture showed a definite positive balance in the mature Jerseys 
calving normally and the first-calf Jerseys, a slight negative balance in the ma- 
ture Guernseys and I-Iolsteins, and a definite negative balance in the co\vs which 
were afflicted with parturient paresis. 

S a  intake and excretion were about equal except for the COT\-s which developed 
milk fever, in which case a negative Na balance occurred following calving. To 
a lesser degree, the mattire Guernseys and Holsteins were in negative balance 
during the same period. Both the intake and excretion of Na were quite low 
compared with the other constituents stndied. 

The Ca balance picture prepartum was equally interesting and very sinrilar 
to the K balances. As was the case with R, Ca balances Irere definitely ancl eon- 
sistently positive in the first-calf Jerseys, borderline in the mature Jerseys calv- 
ing normally and the mature Crnernseys and ITolsteins, ancl definitely negative 
from 17 to 11 ilaos prepartnm on to parturition in the cows which tlereloped 
milk fever. All corns were in a negative Ca balance following partilrition, but 
this was lnost pronounced in the milk-fever group. 

1)TSCUSSIOX 

Definite conclusions should be aroidetl in a study with such a small ~lulnber 
of animals in the four groups. As indicaatecl previously, in some cases the pre- 
partal information was meagtbr. Oi~ly  three partnritions involving milk fever 
were studiecl, and two of these cases were in the same cow. I n  interpreting the 
data from milk-ferer cows, it must be remembered that the treatment with Ca. 
glnconate untlo~tbtctlly altered the postpartal data, a t  least for the first 4 clays 
postpartum. 

Blood 1e1,c.l~ and urinary excretion of Na and TC, particularly the latter, are 
valuable indires of adrenal dysfunction in mail ant1 laboratory animals. An in- 
creased S a  ancl dec+reased IC (3xcretion generally indicates clecreasetl adrenal ac- 
tivity. The tlrastir physiological and nldocrinological rhanges which occur a t  
parturition caould be experted to alter adrenal effieieney. I-Io~verer, the data 
presented will not support snch a hypothesis, for both S a  and R excretion de- 
creased in the days near parturition. If changes in excretion of these cations 
indicative of adrenal inrffic*iency occur, the changes must be more transitory than 
could be deteetetl by the esperi~ncntal procednre follo~ved in this study. 

An increased I< and clecreasetl S a  level of the blooil is a less ;tc.curate indica- 
tion of adrenal in~uffieiei l~y.  Figure 1 shows a clecreased bloocl Ka lcrel a t  or 
near calving for all groups, ~rhi le  blood IC lei-els increase slightly except in the 
ease of the mature Guernseys ancl IIolstt~ins. This trend is sonlemhat niore 
marked in the case of cows which ile~eloped milk fever. ITo\verc~*, the trends are 
neither clef in it^ enough nor involve enongh cows to warrant fnrther ass~~mptions. 
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Greater differences between groups are apparent in mineral balances pre- 
sented in figure 2. By f a r  the most interesting and probably the most significant 
is the difference in Ca balance prepartum. The c o ~ s  ~vhich ultimately came 

down with millr fever hacl a severe negative Ca balance for about 15 days pre- 
partum, while the others maintained their Ca reserves, and the primiparous Jer-  
seys appeared to be storing Ca. All cows were in a negative balancc following 
parturition, as has been shown to be the case for all cows studied (2).  

The prepartal differences are important, for it is here that  changes would be 
expected to occur which predispose some cows to attaclrs of parturient paresis. 
The strongly positive Ca balance for primiparous Jerseys is of great interest, be- 
cause there never has been a documented report of a cow developing parturient 
paresis a t  the time of the first parturition. 

If this is a true picture of the prepartal Ca metabolism of cows, it may well be 
an  important factor in the etiology of parturient paresis. The consistent nega- 
tive Ca balance wonld result i n  a depletion of the body reserves. The loss of Ca 
in  the milk following calving, even though the absolute loss were no greater than 
in normal cows, would represent a proportionately greater loss of the body re- 
serves a t  the time of calving. It may be that  milk-fever attaclrs are preceded by 
a period of defective Ca absorption from the gut, or on the other hand i t  may be 
the result of excessive Ca escretion into the intestine. The beneficial resnlts ob- 
tained with large doses of vitamin D by Hibbs and Poundell ( 5 )  might be ex- 
plained by this phe~lomenon, for the principal action of vitamin D is to promote 
absorption or retention of Ca. 

S o  explanation occurs to the authors to accouizt for  the severe negative K 
balance found in the case of the cows which cleveloped milk fever. 

S a  intalre and excretion were about equal, except for the mill<-fever groups in 
the period f o l l o ~ ~ i n g  parturition, when excretion was considerably higher than 
the intalre. 

Data are presented for average blood and urinary levels of S a ,  IZ and chloride 
on 26 parturitions in dairy cattle orer a period from 30 days prc.partnm to 30 
days postpartum. Parturitions were studied in  mature .Jerseys cows, some of 
which developed lnillr fever, in primiparous .Jerseys and in mature Guernseys and 
Holsteins, none of which developed Inilk fever. The total intake and escretion 
during this period of S a ,  I( and Ca also is presented for the same animals. 

Blood chloricle levels were lower, particularly in the period betnreen 5 and 30 
days p r e p a r t ~ ~ m ,  in the milk-fever group than in any other group. Postpartal 
blood chloride levels were as high as prepartal levels only in the milk fever group. 

Urinary IC excretion in the milk-fever group clecreased ~narkedlp between 2 
days prepartnm ancl the day of parturition. This abrnpt decrc~ase in TC excretion 
was not characateristir of any other group. 

Urinary chloride excretion decreased more rapidly (and from a higher level) 
between 5 and 2 days prepartunl in the milk-fever group and in the mature Gnern- 
seps ancl FIolsteins than in the other groups. 
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The cows developing milk fever had a severe negative balance of Ca prior to 
parturition, while the normally calving cows were in positive Ca balance during 
this period. All cows were in negative Ca balance following parturition. 

Cows developing milk fever were in a severe negative K balance throughout 
the stucly, while the other groups were nearly in equilibrium. 
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W-IE USE OF METHOXYL GROUPS IN FORAGE AND FECAL 
MATERIALS AS AN INDEX O F  TIIE FEEDING 

VALUE O F  FORAGES1 
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Lignin has been used as an  inclicator of the digestibility and feeding value of 
forages by many investigators. At the present time the most reliable method of 
analysis for lignin appears to be the 72 per cent H2S0, mrthod proposed by Ellis 
ef al. ( 5 ) .  This method has been developed to isolate an  indigestible residue 
rather than to determine a definite chemical compound. 

The application of all methods which have bern proposed for the measure- 
ment of lignin is laborious. Most procedures require many different treatments 
to remove interfering substances such as sugars and proteins, temperature control 
is needed for the enzymatic and acid digestions and the results are not easily 
reproducecl. 

The methoxyl content of lignin and the percentage of the total methoxyl in 
the plant increase with advancing age of the plant (9, 10).  The determination 
of the methoxyl content of plants by the Zeisel method, as outlined by the U. S. 
Forest Products Laboratory (2) ,  is executed more quickly and easily than the 
determination of lignin. Since methoxyl appears to be closely associated with 
lignin and with changes in the plant associated with advancing age, i t  was indi- 
cated that, should methoxyl be related to the composition and digestibility of 
plants, i t  might provide an index of the feeding value of forage materials which 
is as reliable as that provided by lignin. 

For these reasons this study was madr to investigate the feasibility of using 
the methoxyl content of forages and/or feces as an index of the digestibility and 
feeding value of forages. 

EXPERIMENTAL PROCEDURE 

Pasture forage (predominantly timothy) was studied in hand-feeding and 
grazing trials during the vegetative, boot-to-early head and full-bloom stages of 
growth. One group of steers was fed definite quantities of freshly clipped forage, 
while the other group grazed forage of the same source. The feces of both groups 
were collected quantitatively in fecal collection bags. 

Methoxyl was determined by a modification of the Zeisel method, as outlined 
by the U. S. Forest Products Laboratory (2). The method proposed by Ellis 
e t  al. ( 5 )  and modified by Thacker (13) was employed for the measurement of 
lignin. The proximate constituents were determined by the methods suggested 
by the Association of Official Agricultural Chemists (1). 
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The digestibility of the hand-fed forage was determined in conventional diges- 
tion trials, while that of forage selected by the grazing steers u7as determined ac- 
cording to the lnethotl propostad by Reid ef al.  (11). The relationships of the 
methoxyl levels of forages ant1 of feces to the quantities and digestibility of the 
proximate constituentq were exaininecl. Particular attention ~vas  given to the 
relationship between fecal mcthosyl and the digestibility of forage tlry matter. 

RESULTS A S D  1)ISCUSSION 

The composition of the herbage hand-fed to steers during these trials is shown 
in table 1 .  The c.ontcnt of ~nethoxyl ant1 of lignin incrclased progrtl.;sivcly with 

TABLE I 

.limn ~ o i i ~ p o ~ i i i o ~ t  nnd cl igest ibzlct!~ of foragrs frtl (dr!j bahis) 

h-itro- Digestihlcx 

Crude Crude Fi;,: E:t:r d r ~  mnttc>r t o  I A,, l,roteill 
cs- trnet 

tract 11;111~1-fed Grazed 

(%) (%) (%) ( % I  (%)  (%)  ( % )  (%)  (%)  
Vegct:ttivcb 1.38 3.8 7.3 16.1 38.1 33.5 4.8 72.9 + 0.29a 77.G+0.47 
Root-to- 

early-head 1.73 6.7 G.9 12.0 R8.R 38.5 4.3 66.3 +O.78 69.4+ 1.39 
Full-bloom 2.10 8.6 5.4 10.4 X3.0 47.9 3.3 58.02 1.67 58.2k0.50 

a Stnndaril error of the menu. 

adrancing maturity of the forage. Mcthoxyl i.; believed to be contained largely 
in the lignin fraction which, in tul-n,  constitute^ a portion of the rrutlc fiber ancl 
nitrogen-free extract fractions. Since the results of most stnclies have shown 
that the crude fiber content of forages increases with advancing stage of growth, 
the crude fiber values obtained in this study must be regardetl with caution 
Even though these values may be in error because of analytical difficulties, nerer- 
theless, they snggc~st the inadeynacy of crucle fiber as an index of the feeding 
ralue of forages, as has bcen reported by inany workers (3, 4, 6, 3 1 ). 

Thc mean coinposition of the feces of steers hand-fed and grazing herbage of 
the same source is sluilm;~rizerl in table 2. These data show thilt the fecal con- 
centrations of crntle protein and ether extract decreased, while that of methoxyl 
increased ~o i th  adranving age of the plant consumed. Since the level of lignin 
was higher in the feces of steers fetl the most immature forage than in that of 
steers recc'iving the illore mature forages, i t  seems possible that a giren quantity 
of lipnin may dcpress the digestibility of other plant constituents to a greater 
extent in more inatllre plants than it cloes in immature ones. If this is trne, thc 
nature of the lignin present may influence digestibility to a greater estent than 
the amonnt of lignin per se. Zherebov (1.5), Phillips ancl Goss (9 )  and others 
have reported thitt the n~ethoxyl content of lignin increases with advancing ma- 
turity. The addition of inethoxyl groups to lignin may change its nature so that 
it has a greater tlepressing actioil on digestibility. I t  is recognized that other 
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chen~ical and structural changes in lignin associated with the age of the plant 
 nay be involved in lignin's influence upon the feeding ~ a l u e  of plant materials. 

TABLE 2 

M m n  composition of fcces (r7v?/ basis) 

Crud r Crude Nitrogen- Ether 
Mrt l~osyl  Ligniil As11 1xotei11 filler f rc~cl 

extr:lrt P"t'"Ct 

(%) (%) (%,  (%I (%I (%) 
Hai~tl-fcrl steers 

Vegctntirc stnge 
2.39+0.02a 23.9+0.i8 11.320.36 15.7 f0.41 38.4k0.89 26.3k0.34 

Boot-to-c~:~rly-hend stage 
2.91 cO.03 20.8k0.27 8.3c0.26 12.1 20.35 :30.3+0.10 43.5+0.65 

Full-l~loom stngc 
3.4350.04 22.3k 0.27 6.8+0.24 !1.8+0.18 32.i+O.RA 45.2217.36 

Grazing steers 

Vegetative stage 
2.29t0.09 21.3k0.74 11.2&0.35 17.3+0.70 30.6+3.42 31.2k3.70 

The mean apparent digestibility of various c,onhtitnents of the hand-fvtl herb- 
age is shown in table 3. The coeffic.ieats for ~iiethoxyl, crncle protein arid nitrogen- 
free extract decreased sllrrcssively with ilpproac.hing maturity of the herbage. 
Thc ncgativc coefficients show11 for ligiliil 111erely ~i i ran  that under the conditions 
of this experiment the rerovery of the cons111necl lig,~llin from the feces was greater 
than 100 per cent. If it  is assumed that lignin is 1.01np1etc.l~- inctigclstible, either 
the lignin ~ a l u e s  obtilined for the forages \vtXre too low or those d(~tcrminec1 for 
the fcches were too liigh. Si11c.e gootl agrec'lnrnt ~ r i t h  other laboratories was ob- 

Crude ('rode S i t  rogol- 
Metllo~?.l Lignin f rce Etllcr 

1)rotcill filwr cstr :~rt  extr:1tat 

Fnll-l~lotrm stag(, 
31.4 + 3.41 - 9.3 +. 3.08 60.8 + I .OO 58.3 + 2.67 60.5 + 1.44 :il).3 + 2.02 

8 S t a n ~ l : ~ r ~ l  error of the I~I(>:III.  
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tained with forage check samples from Ellis' laboratory ( 5 ) ,  it is considered more 
likely that the error is in the analysis of the feces. I t  follows that  possibly some 
interfering substance in the feces was included in the "lignin" residue which 
either was not included or was incl~ided to a smaller extent in the lignin residue 
isolated from the forages. 

I n  order to examine the relationships of various constituents to each other 
ancl to the drv matter digestibility of the forages, correlation coefficients were 
drtermined (12) for both the forage ancl fecal constituents. These are shown in 
tables 4 ancl 5 ,  rc~spectively. The data in table 4 indicate that as the level of both 

TABLE 4 

Correlation coeflcirnts of the amozints of constiticents of pasture grass with each othrr and with 
the mnofrnt of cligestiblr dry mattpr 

Crl,ile h-itrogen- 
~ i g n i n  CrU'lc Ether Digestible protein f i lm free extract dry niatter 

Methoxyl ....................................... 1.000 -0.901 -0.936 1.000 -1.000 - 0.991 
Liguili .............................................. - 0.893 - 0.942 0.999 - 1.000 - 0.989 
Crude protein ........................... 0.691 - 0.910 0.893 0.950 

.................................... Crude fiber - 0.928 0.943 0.882 
Nitrogen-free extract ......... - 0.999 - 0.994 
E t l ~ e r  extrart ......................... 0.989 

Level of significance with 3 observations, 5 %  =0.997, 1% = 1.000. 

Co~v-elation coeficicnts of the anbot~nts of feed constituents uiith enrk other and witk amount of 
cligestible dry matter in t11e forage 

Metlioxyl ..................................... - 0.338 
............................................... Lignin 

Crude protein .............................. 
Crude fiber ................................ 
Kitrogen-free extract ......... 
Ether extract .............................. 

Crude Crude Etlrcr Digestible 
proteiii fiber ekftr,"ct extr:trt drymatter  

- 0.953 - 0.547 0.826 - 0.785 - 0.974 
0.552 - 0.714 - 0.707 0.788 0.425 

0.710 - 0.941 0.920 0.962 
- 0.899 0.800 0.561 

- 0.959 - 0.844 
0.850 

Level of significance with 9 observations, 5% = 0.666, 1% = 0.798. 

lignin and methoxyl increased in the hancl-fecl forage, the crude protein and 
ether extract contents and the dry matter digestibility decreased. 

I n  a consideration of fecal constit~ients (table 5) it was founcl that  the lignin 
lerel 11.a~ inversely related to the crucle fiber and nitrogen-free extract contents, 
but was not correlatecl significantly with the crude protein content of the feces 
or with the forage dry  matter digestibility. Ho~verer, a high negative correla- 
tion of the methoxyl content of the feces with the level of crude protein in the 
feces and with the dry  matter digestibility of the hand-fed forage was found. 
The methoxyl ancl nitrogen-free cstract contents of the feces were correlated 
positively. 

Because of the high positive correlation bet~~,een the crude protein content of 
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the feces and the cligestibility of the dry matter (0.962) and the high negative 
correlation between the nlethoxyl content of the feces and dry matter cligestibility 
(- 0.974), a multiple regression (12) was calculated of the digestible dry matter 
on the methoxyl (S,) and the crude protein ( X , )  contents of the feces. The 
multiple correlation coefficient was 0.980 and the mnltiple regression equation 
was Y = 87.82 - (11.32 X ,  - 0.926 X,). Further investigations of this relation- 
ship nlay sho~r- that the digestibility of forage material may be predicted with 
some degree of accuracy by a combination of methoxyl and crude protein deter- 
~ninations on fecal material. 

The variable selectivity of grazing animals makes it difficult if not impossible 
to evaluate pastures directly. That the value of pasture herbage selected by 
grazing animals is different from that of the whole, clipped plant is suggested by 
the differences in the cligestibility of dry matter shown in table 1. Further dif- 
ferences in the composition of the whole, clipped herbage and that  selected by the 
grazing aninlals are suggested by the data on fecal composition shown in table 2. 
Consequently, i t  is clear that the information obtained on pasture forage in a 
hand-feeding trial is not applicable to the same forage selectively grazed. It is 
obvious also that forage samples taken manually are likely to be of a composition 
different from that selected by grazing animals. 

I t  is possible that some constituent may be excreted in the feces in a manner 
related quantitatively to the digestibility or to some other criterion of the feeding 
value of forages. Such a relationship ~vould obviate the difficulties introduced 
by selective grazing and by manual sampling of forage. An  attempt to circum- 
vent these problems using plant pigments absorbing light a t  406 mp has been 
reported (11). Observations of the data of Forbes and Garrigus (6, 7 )  and of 
others suggest that the level of lignin in the feces also might be employed in a 
similar manner to avoid the errors resulting from selective grazing when the 
usual lignin-ratio technique is employed, although, apparently because of diffi- 
culties in the analysis of feces for lignin, our data did not show a satisfactory 
relationship. 

Since methoxyl constitutes a portion of the lignin con~plex, an  examination 
was made of the relationship (fig. 1 )  bet~veen the level of methoxyl in the feces 
and the cligestibility of the forage dry  mattc~r. The relationship obtained as a 
result of hand-feeding and grazing trials is expressed by the equation 4' = 117.89 - 
l'i.62X, where Y = per cent of digestibility of forage dry  matter and X = per cent 
of methoxyl in feces (dry basis). The standard error of estimate of the digesti- 
bility of the consumed forage was 1.80 per cent. The digestibility of the forage 
consunled by grazing steers was determined by the fecal-chromogen method ( l l ) ,  
while the cligestibility of the  hole, clipped forages mas determined in conven- 
tional digestion trials. I t  is interesting that this relationship for grazed forage 
agreed ~vell  with that for the whole, elipped forage. Although these data are 
not sufficient to evaluate the accuracy with which digestibility may be predictecl 
from the fecal methosyl level, thry do snggest that this relationship is promising 
particularly in the study of forage under conditions of grazing. 

Should further study show that the relationships described in this report exist 
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for other kinds of forage, mtlthoxyl inay become a t  least as reliable an index of 
the feeding ~,alues of forages as lignin. The use of methosyl has a further adran- 
tage in that i t  is relatively easily n~easured. 

I t  would be rllore tlesirablc, ho\vc.rer, if a greater change in the methoxyl con- 
tent of feces per uilit changc~ of forage digestibility occnrred. Further limita- 
tions to the use of nlc.thoxy1 gronps as an inclrs are as~ociated with the method 
employed to nieasure these groups. Occasionally the encl point of the titrimetric 
analysis is obscure arid the method does not discacrn between the methyl gronps of 
lignin and those of other s~tbstances or between ethox.1 antl methoxyl groups. 
However, the ethoxyl content of foragcbs is relatively small as compared to the 
amoiint of methoxyl. Attention is beinp given to these lin~itations a t  the present 
time. 

I - Data derived from hand-feedinql 
trials. Y=118.15-17.61 X 

t= -0.97450.019 

Data derived from hand-feeding 
and grazing trials. 

Y=117.89-17.62X 
t= -0.972f 0.014 

W 

m 

50 I I I I I I I I I  

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 
METHOXYL IN FECAL DRY MATTER (%) 

FIG. 1. Rcl:~tionsl~il~ of rnrtl~oayl lcrcl of fcres to foragr (ligcntil~ility. 

I n  these stndies it was fotulcl that a consiilcv-able portion of the rnethosyl con- 
snn~cld disappearc,d f r o n ~  the plant matrrial ilq it pitqsed through the tligestive 
tract of steers. I'erhaps lnost of the apparclritly tligestcatl rnethosyl was asso- 
ciatcd with substi~nces othcr thiui lignin, althongh qome of it may have hcen split 
off the ligllin con~ples. The rrccnt report of E'orbrs and Clarrig~is (7 )  showing 
that  the proportion of lignin c,onsisting of nicthoxyl is tht. salnr in forilge as in 
feces supports this viewpoint. I t  grnrrally is beli~vcd that nlost of thc methoxyl 
groups present in plant ~ilaterials are asso(~iitted with lignin (9, 10). The high 
positive c~orreli~tions obtaiizetl betwcbe~l the. lignin and nlc.thosy1 contrnts of the 
foritges usrtl in this s t~ tdy  te11(1 to sttpport this viewpoint. As the plant becomes 
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Inor(. ~naturc,  a greater proportion of lignin (*onsists of ~llethosyl (9, 10) .  The 
decrei~sing tligc.stibility of ~liethosyl wit11 approaching ~natnr i ty  of the plant ob- 
scrrrtl in this stndy may mean that ]nore nlethosyl is associated with the indi- 
gclstiblr lignin in more mat l~re  forages. 

The relatio~iship of the ~nr thosyl  eontent of forage 1111d of f o ( ~ s  to the (lipcsti- 
bility and to t l ~ e  rontcnt of crude protein, crnclc fiber, ether estrui1ct and nitrogen- 
free extract hils been stndied a t  three differcl~lt growth stages of pilstnrc herbage. 
The relationship of the lignin to the ~nc~thosyl contclnt ant1 to t l~( l  contents of the 
prosi~nate constituents of the plant t~lso hart been st~ltlicvl. 

The iligestibility of forage dry matter was correlittccl negatively ~ r i t h  the 
amount of lignin (- 0.!389) and of ~rrethosyl (- 0.!)91) ill tlie forage eonsu~nccl. 
A highly significant nc~gatire correlation (- 0.971) also esistcltl between the 
mrthos>-1 content of the feces and the cligc~stible dry  ~ ~ ~ a t t r r  twntent of the 
forage. Tlle correlation (0.423) b(.tneen the lignin colltcnt of the f c c ~ s  anil 
anlount of digestible dry matter in the forage consmned was not significi~nt. 

The crltdc protein rontent of the feces also was c.orrc.latetl rc.ry highly with 
the digestihlr d ry  matter collte~lt of thr  forage (0.962). 

This stndy indicates that tbt3 metllospl content of foragtxs antl/or feces nlap 
prore, ~ ~ - i t I l  further stntly, to be ecjnal or sl~pcrior to the lipnin content as an 
index of the digestibility of forilges. If this shoultl prove to be valid for all 
forages. the analytic.al taslr ~vonl(l be si~nplificd becalisr th(. proc.c.tlure for the 
tleternlination of methosyl is simpler thilll that for lignin. Tn adclition, when 
methoxyl is dctermineil, a distinct chenlical radical is measured. This is not 
trne in tlie drtcrrnination of 1igni11 by present methods. 

The authors wish to express thrir apprec.iation to 1'. (:. Woolfollr, Mrs. Errla 
DeLong, Mrs. Cornelia IIill, C. R. II(.nderson ant1 T<. L. Tnrk for assistance with 
certain phases of this stncly. 
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BOVINE PR,OTEIN-BOUND SERUM IODISE AND I T S  RELATION TO 
AGE AND BREED 

J. F. LOSG, L. 0. GILMORE, G. M. CURTIS AND D. C. R I F E  

Departments of Dairy Scirnce, Srirgical Rescarclr and Institrcte of Genetics, 
Tlte Olrio State University,  Columbus 

With the recent high level of interest in the feeciing of iodinated protein to 
dairy cattle, the conclusion has been reached that increased response in milk pro- 
duction is obtained, a t  least temporarily with some cows, while others do not re- 
spond. The review by Blaxter et al. (3 )  covers the volnminous literature u p  to 
1949 in a critical manner. Since that date, work substantiating this conclusion 
has been reported by Reece (8) and Thomas e t  al. (9) .  Blaxter (2)  reported a 
breed difference to exist in the response to iotlinated casein feeding among British 
cattle when fed a stanclard amount per individual. Some of this difference \&-as 
ascribed to variation in bocly weight. The feasibility of indiscriminately feeding 
iodinated protein  hen the response is unpredictable has been questioned ( 5 ,  6) .  
Measuring the thyroid activity to increase the preclictability of a given response 
appears not to have been tried. 

A number of tests have been tlevised for the purpose of ~neasuring thyroid 
activity. One, which is coming into common use in the field of human medicine, 
is the protein-bound iodine test (PRI ) .  This test measures the level of iodinated 
protein in the serum, which under normal conditions of diet is made u p  prin- 
cipally of the thyroid hormone together with its related substances (7 ) .  

There are sonle very clefinite advantages of the protein-bound serum iodine 
test over the basal metabolism test in studies of thyroid activity. The basal 
metabolisni test measures the oxygen consumption of the body, which is the end 
result of all the oxiilatire processes of the body. This rate of oxygen consnmp- 
tion may or may not be rrlated to the transport, ntilization and b r e a k d o ~ ~ n  of the 
thyroid hormone. According to Rapport e t  al .  ('i), the oxygen consun~ption of 
the body may be influenced by such divers? non-thyroid hypermetabolic states as 
essential hypertension, cardiac failure, carcinoma, IeuBeinia ancl other blood dys- 
crasias, ostt~itis deformans, certain infectious diseases and psychic disturbances ; 
or by hypometabolic states such as Addison's disease, Siminonds' disease, or other 
pituitary dysf~u~ctions and anorexia nervosa. With domestic animals, the increasecl 
oxygen consumption due to psychic disturbances while making a basal metabolism 
determination, or the necessity of using only well trained animals, poses a real 
difficulty in collecting data on large numbers of animals. Added to this problem 
is the rari ty of finding lactating ruminants in a post absorptive state. This diffi- 
culty is eliminated by the use of the protein-bound serum iodine test. 

I n  initiating a study of thyroid activity in cattle, it was decided first to de- 
termine the normal range of protein-bound serum iodine in cattle under lnlo~vn 
environment and ascertain the estent to which certain factors influence its l e ~ ~ e l  
in the serum. The effect of age and breecl mill be consitlered in this paper. 
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ESI'Kl<IJII.:NTAL I'ROCEDURI.: 

The anirnitls used ill t l ~ c  espc.riinc~nt I\-(.I*(. f r o n ~  thc Ohio State University Dairy 
and Beef IIcrd ant1 the Veterinary Clinic,. 'l'he e i i~~iron~nent  of thcl dairy con-s 
mas similar throughont the herd. They n.ercs kept togt4her as a group i11 the 
salnc pasture, lots and barn. Thc feed for the t~rlirnals came fro111 the same 
sonrces. All ani~nals 11atl ac.ccss to iodizc.tl salt in the block forin while on pas- 
ture and hat1 it inisecl in with their feed xvhil(1 in th(1 barn. 

The environnte~lt of the beef cditttle 111ay hare differctl from that of the dairy 
cattle in that they \\-err lwpt in sepi~rate pastl~res, lots ant1 barns and \\-er(. 1lnd~1- 
separate managcmrnt. 

Thc blootl sainples were. clra\\-II t11u.ing the pc,riotl fro111 Ovtohrr, 1950, to 
Jlarch, 1951. Tcn to 20 1111. of blootl were rc>clnirc.cl for iul analysis. An areritgc 
of ten sanlples was d ra~vn  and anal?rzed each weeli. 

Thr saniplrs were a~~alyzetl  in the. l o t l i n~  Ilitboratory of the I>epartinent of Snr- 
gival Researceh, tic.cordinp to the ~nethotl dovelopc~tl by Conncr c't 01. (1). The 
method consists of thc precaipitation of the protein of the scrtinl (including the 
protrin-bomzcl iodine) by addition of solntions of ZnSO, ancl SaOTI. The 111ate- 
rial then is centrifugetl. The supernatant fl~litl (containing the solltble inorgi~uic 
iodine) is (leeanted off', thus effecting i~ sepa~-ation of inorgii~~ie iodine fronl pro- 
tein-botuld iodine. The precipitated protclin material (with the 1'151) is osi- 
clized with snlfnric and chromic acitls, followecl by two boiling washings \\-it11 dis- 
tilled water. A redncing itgent (phophorns a d )  then is adcletl to the oxiilized 
matcrial and the released iodine is tlistilled into a so l~~ t ion  of ICOII. JIeasnrecl 
quantities of arsenions avid, I-TCI and cseric sulfate then are acldecl to the distillatc~ 
imparting to it a deep yello~v color. The rate a t  which this solntioil decolorizes 
(as rneasurcd by an  Evc,lyn photocllrctric c.olorirnetcr) intlieatrs the quantity of 
iotli~ie present. Since the rate of the decolorization is clirec.tly proportional, 
within limits, to the quantity of iotline present, the comparison of the amount of 
decolorizatioi~ in a given period of time of an nnknown quantity of iodine wit11 
the dcc~oloriziltion prod11c.ec1 by Bnolr-11 qnantities of iodine indicates the clnantity 
present. Recorery esperiineilts using beef serum plus 10 per cent  hole blood 
sl~om about 100 _t 5 per vent revowry, with an error of over 10 per cent bring in- 
freque~lt  ( 3 ) .  l'he results of the i~nalysis were revorcletl in terms of mierogrilitis 
of iodine per 100 ml. of serum. 

RESULTS AND DISCUSSION 

I n  regard to the influe11c.e of age, it  \\-as noticecl early in the esper i~ne~l t  that 
calves were highrr in 1'151 than mature colr7s. '7rVhen the P B I  valnc>s Tvere plotted 
against ape, a definite trend \%-as notived, as shov-11 in figure 1. This declil~e of 
PBT with age in cattle compares sonlcvhat favorably with the tlevline in h;lsal 
metabolic rate with age whitah has bee11 noticled ill humans (1). 

Upoil analysis of the data by breed, tlefinite differencvs were found to be 
present (table 1 ). An analysis of variance slio~r-ed either significant or highly 
significant differences to esist bet~veen certain of the breeds. The Jersey brcled, 
for cs~lrnple, differed signific~antly from the Guernsey, Rro~vn Swiss and Ayrshire 
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brec3ds and  highly significantly from IIolsteins and the (+ombilled beef breed.;. 
Jerseys averaged the highest, fol lo\~ed by Guernsey, Brown Swiss, Ayrshire, 
IIol.;tein and beef breeds. 

Thc rff'ect of age on the I'BI doc.; not csplain the breed diffrrrnccs. 111 fig. I ,  
the Jersey vi1111es. in  gc~neral, a re  wen to be above the mc~an, while the IIolstcin 
r;1111es wc3rc bt4ow the nleail for  alniost a n y  arcb group. A correction faetor for  
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FIG. 1. Change in 1)1.otein-I)011nd iodine r:~lucs with age. 

TABLE 1 

TItr si,clnijir~itre of brretl (1.7 relatrtl to tltr protct~t-botcntl srrtrt)i iodittc in tltr boz,inr frwtnle 

............................. .Tersc,y 
.................. Guernsey 

Brolvn Swiss .................. 
Ayrsl~irc ........................... 

....................... Holstein-F. 
Rccf 1)recvls' ..................... 

No. PBI Std. 
(lev. Range 

6 % level 1 % lrrcl 

G., B.S., A. H., Beef 
H. Beef 
H. Bcrf 

Beef 

a Gr:ttrful arkno~vlcdgmrnt is mnde to D. R. Whit~tcy, Statistical lab., Ohio State  Univ., fo r  
test of significance. 

I)  Vnlncs art, for ir~tliritlu:tl cows; ~ v l ~ r r c  more than 1 sa~nple/eo~v was analyzed, tltc ralurs  
.iverc avrr:~ged. 

c Hc~~cforil-7, Angus-7 mid Sltortl~orn-8. 

age was calcnlatecl fro111 the mean shown on the graph. This then mas applied to  
the PBT values fo r  the ~ a t t l e  (table 2) .  Correcting for  age proiluced no change 
in ranlr of the breeds in  this pilrtirl~lar case, since the animals of different breeds 



TABLE 2 

Breed P B I ' s  not cor- 
rected fo r  age 

PBI ' s  cor- 
rected for  age& 

- - - - 

a Reef values coald not be corrected accurately sincc their ages in many cases mere known 
only in terms of years. Ho~r,evrr, sincc their average age n-as allout 3 :-r. and tllc colrrs were 
corrected for  age to a 3- to 3.5-yr. basis, they \!-ere considered to I)e rougl~ly compam1)le. 

were of the same relative age groups. The range in nilcorrected individual values 
for the entire group tested was froin 1.3 to 8.6 7 per cent. 

SUJI>IAKT A S D  COSCLUSIOSS 

Protein-bound serum iotline (PBI )  determinations \yere performed on 116 
dairy and beef cattle of the Ohio State University Herd ant1 Veterinary Clinic. 

It was found that the age of the animal has a pronounced influence on I'RI. 
The younger the animal, in general, the higher the PRI.  

The breecl differences fo~u ld  show that the P B I  valuca is affected by the geno- 
type of the cattle. Significant and highly significant differences wrre fo~und to 
exist between certain of the breeds. There were too few gracle caattle inclucled to 
allow for an  interpretation of their probable genotypes. \\Tit11 the cattle st~ldietl. 
the breeds ranked froin high to low as follows with regard to their average PBI: 
Jersey, Gnernsey, Brown Swiss, Ayrshire, Holstein and beef breeds. 

The large diRerence between the beef and dairy breecls is not attribnted en- 
tirely to inheritance, since the possibility of all sizable environinental differences 
has not been rulrcl out. 
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BLOOD LEVELS O F  ASCORBIC ACID AND VTTAMIS A DURING VITA- 
M I S  A DEPLETION AND EFFECT O F  ADMISISTRATION O F  

ASCORBIC ACID DURING TERMINAL VITAMIN A 
DEPLETION I N  TEIE DATRY COIV1 

H. D. E A T O X ,  C .  F. H E L M R O L D T ,  J .  E.  A V A M P A T O ,  E. L. J U S G H E R R  A N D  I<. L. DOLGE 

Anzmal Inill~strzes and Aniwbal Disrajrs I)epartinents, Storrs Aqricult?rral Exprrintrnt Statnon, 
University of Con?tect~clit, Storrs 

'\XD 

L. A. MOORE 

Bureazt of Dazry Indnstry ,  Agrzczlltz~ral Rrsearck Arlitnn~.\tratlon, U.S.D.A., TVn.$bington, D. C. 

Decreases in blood plasma levels as well as lolrerecl urinary excretion of as- 
corbic acid have been reported to accompany vitamin A clepletion (1, 11, 12, 13).  
Although a relationship between the blood levels of ascorbic acicl and spinal fluid 
pressure in the calf was postnlated ( I ) ,  later work (11, 13) sho\ved such a rela- 
tionship to be non-existent. 

llTorlr with laboratory animals, primarily the rat, on unrestricted feeding has 
indicated a decarease in ascorbic acid concentration of various tissues in severe 
vitamin A depletion (9, 10) .  IIowever, using rrstrictecl feecling, Mapson and 
Walker (9) were unable to demonstrate a specific relationship between the ability 
to synthesize ascorbic acid and the vitamin A status of the rat. 

Boyer e t  al. (1) reported a correlation bet~reen plasrna levels of ascorbic acid 
and vitamin A, but since feed refusals by the dairy calf, when fed a controlled 
intake of a vitanlin A depletion ration, have been founcl to occur only when the 
blood plasma level of vitainin A had decreased to less than 4.0y per cent ( 3 ) ,  
this correlation may not have been clue to vitamin A pel. se but to plane of nutri- 
tion and/or anorexia. Further, with the cstablishlnent of the sensitivity of the 
bovine parotid gland to hypovitaminosis A, characterized by the tlevelop~nent of 
squainous metaplasia ( 7 ) ,  the neecl to use this histopathological change as a cliag- 
nostic tool to re-examine the possible role of ascorbic acid in vitanlin A depletion 
was apparent. 

The purpose of this study was to tleternlinr the effects of controlled feeding 
of a vitamin A-free ration on blood levels of ascorbic acid ancl the relationship of 
ascorbic acid to vitamin A as denlollstrated by the possible role of ascorbic acid in 
alleviating characteristir histological and clinical c.hanges occurring cluring ter- 
minal ritanlin A depletion. 

Animnls. Eighteen inale calres, nine Guernseys ant1 nine IIolsteins, 105 days 
of age, \Irere placed on experiment during the month of January through May. 

Reccived for pu1)lic:ition Fcl). 26 ,  19.52. 
1 Supported ill part ~v i t l l  f unds  provided h p  t he  Rrsearel~ ant1 Marketing Ac t  o f  1946 

through n contract l)rt~vcc.n t he  Storrs Agricultural Esperimcnt Station and Bureau o f  Dairy 
Indastrp and also 1)p t he  Clias. 31. Cox Co., Boston, Mass. anil tile I3ig-Y-Fou11(lation, Sorwich.  
Co1111. 
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1931. They \rere stabled in  indiridnal tit.-stalls ~vhcrt, the tempcratnre was 
r u a i n t a i ~ ~ c ~ l  at  a l n i n i n ~ u n ~  of 10" C. All c i~lres  had 1)c.en raisc,tl to  I05 days of 
age on a l in~ i ted-~~~l lo le  111ilIi d r y  calf starter regin~e in wl~ich the only rariable 
was the form of alfalfa hay fed (4) .  Eavh calf Tvils fed a tlc.pletion ration, which 
was identic.al in content to that  rc~ported previonsly ( 3 ) ,  acrorcli~lp to  t h r  follow- 
ing f o r n ~ a l a  : P = 0.0.5(il 117"."* (~vherc. T = the pounds of fertl rtvluirec1 daily and 
IT' = the \vc.ight of the calf in ponntls). I t  was dcriretl using JIorrison's mid- 
interval T.D.S. reclniren~ents fo r  300-lb. g r o ~ v i ~ ~ g  dairy pattl(s (15) a n d  Brocly's 
c*alrulation (2)  of Norrison's suppestc~tl wcbipht relationqhip for  the lnaintenance 
rrquirement of tlairy rattle. The. alnolmts of the tl(1plction ration f r d  ~vcre  ad- 
jn\tetl to tllr nc.ight of t h ~  intli\~itlt~al (.i11~('\ a t  s~~cce\ \ ive 7-clay intc.rrals. 

When the blood plasma vitamill A 1evc.l hat1 dec*rea\c.tl to less than 4.Oy per 
cent f o r  2 conscc.ntirc wk.. eiilves xvercX con\id(>red tlcplrtcd of th(>ir ritamin i\. 
5tores (6 ) .  Thry then were sltbjcc.ted to o ~ ~ c l  of threc t r c i ~ t m c ~ ~ t s  : (a )  Slaughter 
(control group) ; ( b )  hnb(.ntancwns inj(.vtionq of ascorbic ac*ic12 a t  the rate of 2 g. 
daily fo r  14 (lays, follo~veil by slaughter; ant1 (c)  oral administration of uitainin 
A in the for111 of fish liver oil7 a t  a daily rate of 200,000 U.S.P. units for  1 4  (laps, 
followed by slnnphter. The assignment of calves to a part icnl i~r  t r r a t n ~ e n t  mas 
(lone randomly v i t h  restriction ;IS to  brertl. 

Obseruaf io~rs  nrrd n i ~ a l y s r s .  Daily ft.1~1 intalres and  refnsals were ~veiphecl to 
the nearest 0.1 lb. On the 105th day and a t  7-day intervals therrilftcr, livcveight 
was rccorclecl and venous blood samplrs were drawn. After th r  blood samplrs 
were obtained, they wrre iin~nrtliatel>- chilletl. A n  aliquot for  ~vhole blood ;is- 
cdorbic acid dctclnnination was rrn~ovc.tl ant1 the reinaininp blood c.rntrifugcd. A 
measnreil aliqnot of plasma for r i t a n ~ i n  A determination was heltl a t  -18" C. fo r  
c*arotene ant1 vitamin A analyses and a measnred amonat of the blood and  plasma 
for ascsorbic+ acid imn~etliately deproteinized. The acid filtrate t h r n  was storrtl 
in  the dark a t  2" C. fo r  snbseclnent analysis. 

Daily clinical observations were ret.orded. Spinal fluid pressures werc. de- 
tenninecl a t  the s tar t  of the r s p e r i m e ~ ~ t ,  a t  4-wk. intervals thereafter nntil  the 
calf was deplettvl of its vitamin A stores and just prior to slaughter. A t  slaugh- 
ter, tissues were taken from the atlrenal, colon, eye, heart, kidney, lirer,  lung, 
parotid, pituitary, wnall intestine, testes ancl thyroid for  histopathological exam- 
ination ancl the liver fo r  carotene anil vitamin A analyses. Analytic~al, histo- 
logical a n d  statistical proc.cdnres were similar to  those previolisly rt3portrd (3) .  
Both ~vhole-blood r~ncl plasma ascaorbic acid were cletrrn~inecl by the method of Roe 
and Keuther (16). 

RESI'1,TS A S D  DISCITSSION 

The results have been analyzetl from three points of view: ( a )  During initial 
vitamin A depletion, that is until  the bloocl plasma vi tan~in A level fo r  each calf 

2 Crystalline 1T.S.P. ascor1)ie :~ci(l (Merck) (lissolrrd in  30 ml. H,O c ~ o ~ i t a i ~ ~ i n g  3.6 g.  
Nn,PO,. 12 IT?O. 

3 Tlie fish livrr oil contnined 23% 1)y mcight of crude soyl)enl~ ler i t l~in  :111d 27,000 1J.S.P. 
units of vitamin A\ per g. I t  ~ n s  ge~lrrously suppliecl by  the Sopeo Cllrmicnl Co., Harrison, 
2;. a. 



decreaseil to less than 4.0y per cent (fig. 1 )  ; (b) (luring terminal vitanlin A ile- 
pletion, that is for the 2 wk. irnmrdiately following the above (table 2 )  so as to 
establish qnantitativtl data for snbscc(uent assessnlet~t of the possible effects of the 
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WEEKS OF AGE 
~ " I G .  1. TIIC effr(.t of vit:il~lil~ A tlcpletioll to  I)loo~l plnsm:~ ritnlnill A 

regression of \rllole l)lood nscorhic nritl :~nd pl:lsmn nricorbic :lci(l, c:lrotcnc 
age of Guer~isc~? a1111 FIolstt.i~i d y e s .  

adnlillisteretl aseorbic avid; ant1 (c)  treat~netit of tcrminal ritamin A d~pletion 
with s r tbc~~taneour l~  athi~inist~rc~tl ascorbic avid (ti~bleh 1 and 2 ) .  

Peed co~isliwcc.d. I111rinp a 2-(la\- period, two calves with diarrhra aceom- 
panic.d by rectal tempcri~tnres itbore 103' 1". did not entirc>l>- c.on\mne the ration 
allo~ved. Aiiothrr calf ~vhieh preriol~sly had cle~nonstriltecl a ilirlike for grain 
did not (*onsnnl(> the entirc~ ration itllo~ranc.r luitil 120 tlil\-s of aze. A11 other 
calves rc.iidil>- vonsnn~c~tl t h ~  tleplction ration fed (luring the initial vitamin A- 
drpletiotl period. 

During the tc~rminill ritirrnin A-depletion period (table 1) tliree valves (lid not 
conslullcB a11 fecxtl allo\vc~l. I4'eetl inti~lre tl(~cdreasc~t1 progrrs.;irely tlnrinp the period 
of subc~~ tanc~o~~ . ;  injc.cdtions of asvorbic avitl, ~vllrrcas the oral acln~inistration of 
vitamin A rcsl~lted in conlplete c~onsumption of feed allo~ved. These results dcm- 
otistratt~tl thc~ inability of snbe~~ti~neous injevtions of ascorbic acid to alleviate 
the tlecrease in feet1 intalrr c.haravteristic. of ter~ninal vitamin A tl(~plction in the 



TABLE 1 

Effect of vitamin A drpletion on ten~linal  ~ a l a e s  of feed consuincrl, lice?crig71t, plasma vitamin A, 
uikole blood and plasiiza ascorbic acid and spinal fluid prcssltre and of sxb.sequent 

adn~inintration of ascorbic acid and vitanlin A on t l~esr  criteria 

Weeks before slaughter L.S.D.a 
Exptl. group between 

5 4 3 2 1 0 wceks 

....................... ....................................... Controls 100.0 100.0 99.8 100.0 0.3 
Ascorbic acid ....................... 100.0 100.0 100.0 99.2 96.5 92.9 (93.5)*b 4.7 
Vitamin A ............................ 99.4 100.0 100.0 99.9 99.9 100.0 (100.0) 1.2 , , 
L.S.D. between groupsa 1.9 0.0 0.5 2.9 10.0 3.7 

Log of lireweigllt (lb.) . .  -. 
Controls ...................................... 2.44 2.47 2.48 2.51 ...................... 0.04 
Ascorbicacid ........................ 2.48 2.50 2.52 2.52 2.53 2.54(2.56) 0.11 
V i t a n ~ i n A  ............................. 2.49 2.51 2.54 2.54 "56 2.58(2.57) 0.09 

Plasma vitamin A ( y % )  
....................... ...................................... Controls 6.7 5.0 3.0 1.9 0.9 

Ascorhieacid ........................ 6.7 4.8 3.2 2.1 1.6 1.6(1.4)** O.i 
Vitnmin A ............................ 6.6 5.3 3.4 2.3 41.5 39.7 (40.0) 2.7 
L.S.D.bet~veengroups 1.6 0.9 0.8 0.5 4.3 2.1 

Whole blood ascorl>ic acid (nag. k) 
.................. Controls .............................. 0.72 0.73 0.70 0.65 0.08 

Ascorbicacid ...................... 0.59 0.62 0.98 0.52 0.95 0.88(0.88)* 0.18 
V i t a m i n A  ............................ 0.68 0.67 0.64 0.5fi 0.69 0.03(0.62) 0.10 
L.S.D.betmeengroups 0.09 0.10 0.08 0.13 0.22 0.23 

Plasma ascorbic arid (mg. %) 
Controls ..................................... 0.63 0.65 0.60 0.52 ....................... 0.11 
Ascorbicacid ........................ 0.48 0.62 0.46 0.40 0.90 0.73(0.75)* 0.17 
VitaminA .......................... 0.57 0.58 0.54 0.45 0.54 O.jO(0.48) 0.12 
L.S.D. hetween groups 0.11 0.12 0.13 0.14 0.23 0.21 

Spinal flnitl pressure (nom. H,O) 
Col~trols ..................................... 247 ......... ...... 
Ascorhic arid ....................... 211 269 (271) * 86 
Vitamin A ............................. 220 177 (175) 68 
L.S.D. bet~veen groups 90 89 

Least significant diffcrc~iee between means a t  P < 0.05. 
"Values in parentheses are ailjunted 0 d a r  or wk. treatment means whirl1 were adjusted by 

covnria~lce for  the initial value a t  2-wk. prio; to  slntlgl~ter before :tdministmtion of either as- 
corhie acid or vitalnil1 A. *indicates significance a t  P < 0.05 mid ** a t  P < 0.01. 

yotulg clairy calf and confirined previous work (3)  on the efft~ct of vitainill A de- 
pletion on feed consumption. 

Liveweight. A11 calves made rapid gains in liveweight until the blood plasma 
lerel of vitamin A dccreasctl to 4y per cent. During this period regression equa- 
tions of the square root of liveweight ( y )  011 weeks of age (1) for Guernseys was 
Y = 7.0 + 0.4194~ and for I-Iolsteins Y = 8.3 + 0.4768~. The rate of increase in 
liveweight for Holstrin calres was greater than for Guernsey calves. 

After the blood plasma lcrel of vitainin A clecreased to 4y per cerlt, there mas 
a tenclency for the growth rate to tlilninish (table 1). Oral administration of 
vitamin A resulted in a greater increase in live~vright than ditl subcutaneous in- 
jection of ascorbir acid. The difference was not statistically significant, ho~i-ever. 
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Blood levels of ascorbic acid and vi tamin A. During the initial vitamin A- 
ilepletion period, ascorbic acid levels in whole blood ancl plasma (fig. 1 )  exhibited 
no significant change, while both plasma carotene and vitamin A clecreased. The 
rates of change (linear regression coefficients) of whole blood and plasma ascorbic 
acicl were -0.0001 0.0021 and - 0.0015 + 0.028 mg. ascorbic acid per 7-day 
period, respectively. Rates of change of the log of plasina carotene concentra- 
tion were - 0.1326 + 0.0042 for Guernsey calves and - 0.1174 t 0.0112 for Hol- 

Effect of titascin A ilepletion and of snbser/?tent sttbccttancotts ascorbic acid and oral vitantin A 
nt11111nistmtion.s on liver stora,r/r of carotenr and xitan~zn A avid ox parotid gland ltistology 

1,irer Squamous nletaplasia in the 
Exptl' Rreed p:~rotid glaml inter-lobular no. Wcieht Carotene Vit:~rnin A ilucts and main duct 

(g . )  (Y/!l.) 
Controlsa 

G 2,364 0.16 0.05 
G 2,379 0.64 0.06 
G 2,360 1.10 0.04 
H 2,222 0.18 0.18 
H 2,840 0.16 0.10 
H 2,700 0.24 0.02 

Subcutm~eous ascorbic aridb 
G 2,358 0.36 0.01 
G 2,452 0.30 0.02 
G 2,340 0.36 0.00 
H 2,iOO 0.20 0.06 
FI 3,238 0.38 0.06 
EI 3,460 0.20 0.03 

Xean 2,791 0.30 0.03 

Oral ritamin Ac 
F . P . 2 3  .................. G 1,945 0.04 5(i.04 - 
F . P . 2 0  .................. G 2,519 1.37 :74.71 T 
F . P . 2 2  .................... G 2,259 1.05 46.36 T 
F . P . 3 0  ................... H 2,714 1.90 25.12 - 
F . P . 2 9  .................. H 8,483 0.18 25.60 + 
F. P. 332 .................... H 3,506 0.60 21.50 T 

Jleml 2,738 0.86 34.89 

a Slaughteretl af ter  blooil plasma vitamill A dccrc:~srd to  less tllnn 4y% for  2 consecutive mk. 
b Slaughtered after 1)lood plasma rit:lnlin A derre:~sed to  less tI1:nl 4y% for  2 cot~secutire nrk. 

follo~ved l)y (1:lily subcutaneous injections of 2 g. of ascorhie acid for  14 (1. 
c Slaugl~tcrccl af ter  l~lood plasma vit:ln~in A i lerrr :~sd to  less than 4y% for  2 consecutive wk. 

followed l>y d:rily oral arlministration of 200,000 1J.S.P. units of vitamin A for  14 (1. 

steins. Similar ~ a l n e s  for plasma vitainin A were - 2.3612 + 0.1132y per 7-day 
period for Guernseys and - 2.2978 + 0.1462 for IIolsteins. 

Upon reaching 4y per cent, the plasma  ita am in A level clecreased a t  a slower 
rate than previonsl~ (table 2 ) .  Whole bloocl and plasnla l e ~ e l s  of ascorbic acid 
tended to decrease. The latter, prior to either ascorbic acicl or 1-itamin A adinin- 
istration, (see second week before slanghter, table I )  were in some instances sig- 



nificantly lower than those obserred earlier. Oral atlministration of vitamin A 
caused a marlred (.levation of this substance in  the plasma which was accompanied 
by  slight bnt not ~ i g n i f i ~ a n t  increases in concentration of ascorbic acid i n  the 
whole blood and  plasma. Subcl~taneous injections of ascorbic acid caused a no- 
ticeable inrrease in  the ascorbic acid content of whole blood ant1 plasma b11t were 
without effect on plasma vitaniin A. 

I t  ~ v a s  apparent that  i n  early A-hypovitaininosis ~~nc*omplicated b -  differences 
i n  feed intake, ahcorbic acicl concentration in  ~vholc blood and plasma \iras not 
affected. In ternlinal or severe vitamin A tlt.pletion, ascorbic acid concentration 
of the blood did clevrease and  the. data  wcrc in  agrec.~nent with the literature 
( 1  13). Thc influenc.ing factor in  the dec.rcvtse i n  ascxorbic acid c.oncentration 
may be di~ninished feed intake rather than 1ac.k of ritaniin A per se.  This factor 
ncthtls to be invcstigatcd in the valf by the exc~ellent mcxthod that  Mapson and  
\Tallrer ( !I)  I I S ~ ~  in  the rat.  

Spinal  flrritl press lr~c  nnd cli~ricnl o b s e r ~ ~ n f i n ~ t s .  Since in this study spinal 
punctures were (lone a t  4-wlr. intervals, the data  fo r  spinal fluid prc.s.;ure corre- 
sponiling to plasrna vitalnin A concentrations brt\reen 10 and  4y per caent were 
incomplete. From the literature (11, 14) a n d  from unpublished data  ( 5 ) .  it is 
evident that  spinal fluid prclssnres incrcvise in  rapidly growing inale e*alvcs a t  
blood plasnla lercls of vitaniin A considerably greater than -Cy per cent. 

At  blood plasma levels of r i tamin A of less than 4y per cent, spinal fluid 
pressnres were abore 200 m ~ n .  H20 (table 1 ) .  Oral iidministration of vitamin A 
caused a ilecrease in  spinal fluid pressure. I n  contrast, subcnta~ieous a(1niinis- 
tration of ascorbic. ac*id hacl no effect ant1 the l c \ ~ > l s  inc*reasetl as  ~roul t l  hc ex- 
pected in  prolongc~d tcwninal vitaniin A deplrtion. These data  t~onfirnletl Moore's 
work (13) on the laelc of association betncvln the ascorbic acid status and  in- 
creased spinal fluid pressure of the calf. 

Clinical sy~npto~nh ,  with the csception of diarrhea ac.c.ompanirt1 by rectal tem- 
peratures above 103" 1". in  two ciilres, were not apparent  until  tht. blood plasma 
level of v i ta~nin  A dec*rcvisecl to  4~ per cent. After  this level was obtained, mus- 
cnlar incoortlination i n  tcn calves, tliarrheil not aceon~paniecl by cleration in 
recatal tempc>riitnre i n  sis. esopthahnns i n  on(, ancl convnlsion~ in one were ob- 
serred. I n  those calvos rc,ceiving snhcntaneo~~s  injections of ascorhic acid, tht. 
clegrec of mnsc.111ar inc*oortlination and cliarrhcxix becamo progressi\.c~ly greater. 
As expected. oral administration of r i t a r r ~ i ~ i  i\ resulted in  disappcirrance or 
alleviation of tllescl spmptorns. 

Sltr~rglrte~- dntn.  Squ;inior~r metaplasia chari~c.terictic of terniinal ~ i t t in l in  A 
depletion ( 7 )  was observetl ill the intcrlobnlar t1uc.t~ and  the iuain (111rt of tht. 
parotid gland (table 2)  of fire or six control calves and  of all calves receiving 
sabcntanc~ons injrctions of ascorbic acid. By contrast, of those calves rclct,iring 
200.000 T'.S.P. units of vitamin A daily for  14 days. only one s l i o ~ ~ e d  s(llii1Iilous 
metapli~sii~, t ~ v o  sho\red 110 lesions ant1 three sho~vcil a transitional typv cpi- 
thclinm. This fintling snbstantiatecl ear1ic.r tlata on the specificity of thc pixrotid 
gland lesion for  A-hyporita~ninosis (3, 7 )  and  demonstratecl t h r  rrversibility of 
the lesion hy r i t a ~ n i ~ i  A per sc and  the complete ineffcc+tireness of ascorbic acid 



to reverse the lesion. Other tissues examined failed to reveal coilsistent histo- 
logical changes and therefore mere considered not to be related to terminal vita- 
min A depletion. 

Liver stores of vitamin A were markedly increased by oral acllllinistration of 
this substance (table 2).  As ~vonld be expected with equal dosages per calf with- 
out regard to body weight, Guernsey calves stored greater amounts of vitamin A 
after the 14-day adiniiiistration than did Holstein calves. 

Eighteen calves, nine Guerilseys aizd nine IIolsteins, 105 days of age aizd pre- 
viously raised on a limited-whole millr and dry-calf starter system, were fed a 
vitanliii A-depletion ration in amounts adjustecl a t  7-day intervals for liveweight. 

During initial vitalnin A depletion, from 105 days of age nilti1 each calf's 
blood plasma level of vitamin A decreased to less than 4 . 0 ~  per cent, there was 
no significant decrease either in whole blood or plasma ascorbic acid levels. In 
contrast, both plasma carotene and vitamin A decreased in a relatively uniform 
manner. 

During terminal vitamin A depletion, after blood plasma levels of vitamin A 
of less than 4 . 0 ~  were reached, there was a decrease in consumption of the feed 
allowecl, accompanied by decreases in blood levels of ascorbic acid as well as 
initial appearance of clinical symptoms of vitamin A deficiency. I n  addition, 
spinal fluid pressures of greater than 200 mnl. H20 were observed. 

Subsequent administration of ascorbic acid subcutaneously for a 14-day period 
did not alleviate the anorexia, the clinical symptoms of terminal vitaniin A de- 
pletion or the increasecl spiizal fluid pressure. I n  contrast, administration of 
vitamin A orally resulted in complete consuinption of the feed allowed, signifi- 
cant decreases in spinal fluid pressure and disappearance or alleviation of clin- 
ical symptoms. Upon slaughter, all calves given ascorbic acid had sqnamous 
lnetaplasia i n  the parotid gland ducts, whereas of those calves given Vitamin A, 
one showed squamous metaplasia, two had no lesions aizd three had transitional 
type epithelium. 
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Research dealing with the protein or proteins found on the millr-fat globule 
has been conducted by numerous workers over the past half century and yet our 
knowledge concerning this subject is rather liinited. Early workers were of the 
opinion that the membrane protein mas a moiety of the major milk proteins, 
casein, lactalbumin and lactoglobulin. Hattori (3) offered evidence that the 
membrane protein differed from these proteins in that his "Haptein" contained 
only 12 per cent nitrogen. Palmer and his associates (8, 9, 10, 13, 14),  in  an 
extensive study of the fat-globnle membrane, concluded that the membrane pro- 
tein differed from all other known milk proteins. 

The protein isolated by Palmer and his coworkers agreed rather well in com- 
position with that of Hattori 011 a nitrogen distribution basis. Both were char- 
acterized by a low nitrogen content (about 12 per cent) and a high percentage of 
humin nitrogen, as compared with casein, lactalbumin and lactoglobulin. Each 
protein, however, differed in the nitrogen distribution within the basic fraction. 
The only amino acids determined were arginine, histidine, lysine and cystine. 
The present report deals with the amino acid composition of the milk fat-globule 
membrane protein as determined by microbiological assays. 

METHODS 

Isolaf io~z of the menzbrane protein. The procedure of Olson ( 7 )  was used 
with slight modifications to overcome experimental difficulties which arose. Ten 
gal. of fresh raw cream containing 40 per cent butterfat were used. The cream 
was poured into a 50-gal. vat and the vat filled with water a t  100' F. The mix- 
ture was stirred gently for a few minutes, put through a cream separator and the 
cream collected. This operation was repeated a t  least four times. A biuret test 
was conducted on a sample of the washings after each separation until the final 
sample showed only a very faint pink color. 

The washed cream, with a volume of approximately 10 gal., was placed in a 
cooler for 2 days, churned in a commercial churn a t  52' F. and the buttermilk 
and washings collected. These were mixed and the p1-I adjnsted to 3.95 with 
glacial acetic acid aiicl placed in the cooler overnight. Some of the supernatant 
liquid was siphoned off and the remaining suspension was poured into 4-1. beakers 
and an amount of acetone equal to the volume in the bealrer was added. The 
acetone precipitated the protein and further supernatant was removed by siphon- 
ing and centrifuging a t  2,000 rpm. on the International no. 2-type centrifuge. 

Receiveil for publication Frb. 28, 1952. 
1 Published with tlre approval of the Director of the West Virginia Agricultural Experi- 

merit Station as Scientific Paper no. 450. 
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The precipitate could not be separated conlpletely by this means and therefore 
was put  through a Sharples supercentrifuge a t  40,000 rpm. The precipitate 
was collected, again mixed with an  equal voln~ne of acetone, blended in  a Waring 
Blendor and separated in the International centrifuge. 

The dry  precipitate was washed with absolute alcohol, washed five times with 
a 1: 4 alcohol-ether nlixture and finally with pure anhydrous ether. I n  each 
case the mixture was separated a t  centrifugal speeds a t  2,000 rpm. The pre- 
cipitate then was dispersed in a minimunl of distilled water and lyophilized in 
a Stokes lyophilizing apparatus. The yield from 10 gal. of cream mas approxi- 
mately 4 g. 

The above procedure was carried out on two different samples of cream. 
Sample I had been prepared ancl stored in the refrigerator for a considerable 
period of time, while sample I1 was a fresh preparation. 

Pkosphorzis determination. Fifty-mg. samples were burned in  a 22-ml. P a r r  
peroxide bomb. The melt was taken u p  in distilled water, acidified with HNO, 
and the P precipitated with ammonium niolybdate. The P then was determined 
by titration (1).  

Slilfzw tleternaination. The protein san~ples (0.3 g. )  were burned in a 22-ml. 
Pa r r  peroxide bomb and analyzed for S as follows: The residue obtained from 
combustion was taken u p  in distilled water, slightly acidifiecl with RC1 and a 
saturated solution of B r  added. After expelling the excess Br, the solution was 
made just acid to methyl orange and the sulfate precipitated with BaCl,. The 
precipitate was dried and weighed and the S calculated. 

Amino  acid analysis. Microbiological assay procedures were used for the 
determination of the amino acid compositioiz of the fat-globule membrane pro- 
tein. Lactobacillus arabinoszcs 17-5 (ATCC 8014) was employed for the deter- 
lnination of methionine, isolencine and cystine; Lezrconostoc nzesenteroides P-60 
(ATCC 8042) for phenylalanine, tyrosine, serine, proline, aspartic acid and 
glycine; and Streptococcus faecalis (ATCC 9790) for the estimation of arginine, 
histidine, leucine, lysine, threonine, tryptophane and valine. 

The basal medium described by Stolres et al. (12) was employed for the esti- 
mation of arginine, histidine, lencine, lysine, threonine, tryptophane and valine ; 
the medium of Barton-Wright (2) for isoleucine, tyrosine, serine, proline, cys- 
tine, aspartic acid and glycine; the medium of Henderson and Snell (4)  for 
phenylalanine ; and the medium of Horn et al. ( 5 )  was used for the estimation of 
methionine. Standard microbiological assay procedure was used throughout. 
The final volume in the assay tubes was 10 ml. Assays involving the use of X. 
faecalis mere incnbated 48 hr. ; those utilizing L. arabinos~cs and L. mesenteroides 
were incubated for 72 hr. Growth was measured titrimetrically. Assays mere 
conducted in duplicate and in most eases in triplicate and valncs reported are 
averages of these determinations. 

RESULTS AND DISCUSSION 

The results of the preliminary analysis of the two preparations are shown ill 
table 1. These figures are the averages of closely agreeing duplicate values. 
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It is evident that ~ i t h  the exception of S and P ,  the two preparations were reason- 
ably similar in composition. Reasons for the wide variation in S and P are not 
apparent a t  the present time. The value for N (12.34 to 12.38 per cent) suggests 

TABLE 1 

Corl~position of fat-globule mmobrane protein 

Sample Moisture F a t  Ash Nitrogen S P 

that the materials are similar in nature to the protein substances isolated by IIat- 
tori (3)  ancl Palmer (B), both of whom obtainecl N values of approximately 
12 per cent. 

Table 2 shows the average amino acid composition of the two samples of the 

TABLE 2 

Tltr amino aeic7 ro7nponition of the  fat-globule membrane protein and other milk proteinsa 

Meml~rane proteiil 
Caseill Laetnlbumin P-Laetoglohulin 

Sample I Sample I1 

Arginine ................................. 

Tl~reonine ................................ 
Leucine ............................... 

Glycine ..................................... 

Total .............................. 65.3 74.8 83.8 74.4 88.1 

a Anhydrous, ash-free basis. 

fat-globule protein isolated in this laboratory. These values are coinparecl with 
average amino acid values obtained from the literature for the major milk pro- 
teins, casein, lactalbnmin, and p-lactoglobulin. 

Although the two samples of membrane protein were prepared a t  different 
times in the laboratory and from different milk sources, the amino acid values 
mere in rather close agreement in most cases. The basic amino acids arginine 
and lysine and serine showed the widest diff~rence;  other amino acids snch as 
phenylalanine and threonine varied as much as 1 per cent, while the remainder 
showed much closer agreement. Analyses by Wiese and Palmer (14) of the basic 
amino acids and cystine, although cleterminecl chemically, were similar generally 
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to the ~ a l u e s  reported in this study. Both cystine and histicline were in the 
neighborlioocl of 1 per cent, ~vhile argiiiine ant1 lysine were in the range of 5 to 6 
per cent, values approximating those obtained in the prescnt study. 

TTpoil inspection of the amino ac.id composition of citsein, laetalbunlin and 
P-lactoglobulin and coinparing these valllcs with those of the fat-globule mem- 
brane protein, it  becomes c.~,ideat that little similarity exihts bct~veen these pro- 
teins on an amino acid basis. The membrane protein appears to contain more 
arginine, phenylalaninc, threonine ancl glycine and lcss lysine, tryptophan, leu- 
cine, isoleucine and aspartic acid than any of thc major ~n i lk  proteins. The re- 
mailling amino acids show values intcrlnecliate bet~i-een those of casein, lactalbu- 
min and lactoglobulin. If   min no acid composition of a protrill may bc used as 
a criterion of protcin similarity or dissimilarity, it  is obvious that  the membritue 
protein is a distinct type of protein and appears not to be related to the casein, 
lactalbumin or lactoglobulin on a structural basis. 

Past ~vorlr has sho~vn that various materials are adsorbed on the fat-globule 
surface, including agglutinin (11) and the enz-me phosphatase (6).  Therefore. 
i t  is lilrely that the protein isolated by the presc~lt method is not a single molecular 
substance but a group of proteins, perhaps very similar in cheinical properties. 
The variation in amino acid composition as shown in the present report and by 
previous investigators (3, 10, 14) possibly is due to the removal of different 
amounts of the adsorbed protein substances chlring the washing process. Thus, 
it  is difficult to isolate the "fat-globule membrane protcin" in its pure form. 
An electrophoretic study of the protein material isolated from TI-aslied cream may 
possibly throw some light on this subject. 

Because of the small amount present in milk, the membrane protein may be 
insignificant in its contribntion to the nutritive value of the inilk proteins. HOW- 
ever, on an  indiviclnal protein basis, i t  appears to be adequate in the essential 
amino acids. A short-term growth trial with TT'istar albino rats has indicated 
that the nutritire r a l ~ i e  of the membrane protein isolated in this study is oillp 
slightly less than that of casein. 

SUMMARY 

Sixteen amino acids have been determined microbiologically on two different 
samples of the fat-globule membrane protein substance isolated from washed 
cream. Close agreement in amino acid composition was observecl between the 
two preparations. Lysine and arginine showed the widest variation. 

The amino acid coinposition of the membrane proteins was compared with 
that  of casein, lartalbumin and lactoglobnlin. Little si~nilarity was noted be- 
tween the membrane protein and the major milk proteins ~ h i c h  suggests that the 
former mas a unique protein(s) and did not find its origin in either casein, 
lactalbumin or lactoglobulin. 
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Several reports have inclicatecl that heifers have lower fertility than coms. 
Whether this is due to a higher percentage of infertile animals or an  over-all lower 
fertility in heifers is not clear. The possibility that age and size influence the 
fertility of heifers has not been adequately stncliecl. I n  the following references 
as well as in the present study, fertility was measured by the percentage of ani- 
mals conceiving after one, two or three services or by the average number of serv- 
ices required per pregnancy. The records of sterile animals were not omitted 
from the data. 

In  a study of 221 heifers and 418 cows, Trimberger and Davis (9) found that 
57.5 per cent of the heifers and 61.7 per cent of the COTS conceived a t  first service 
when bred artificially. Morgan and Davis (5) found that among 537 heifers and 
2,090 cows bred naturally, the heifers required 2.52 services per conception and 
the cows reqnired 2.21 services. Jliller and Graves (4) reported that a t  the end 
of three services, 67 per cent of the heifers and 73 per cent of the cows had con- 
ceived. Olds (7) found that  the fertility of heifers mas about 2.3 per cent lower 
than for coms. Davis (1) reported that 53.5 per cent of the heifers had conceived 
after two services, v-hereas the average for cows of all ages was 63.8 per cent. 

Very little has been published concerning the fertility of heifers bred a t  vari- 
ous ages and sizes. Tanabe and Salisbury (8) found a rather uniform increase 
in fertility of cattle from 1 to 4 yr. of age. On the other hand, Go~~rea  and Dove 
(2) fonnd that fertility decreased rather uniformly from 70 per cent in heifers 
under 1 yr. of age to 45 per cent for 16-yr.-old cows. White e t  al. ( lo ) ,  after 
summarizing data for 120 heifers of four breeds, reported that heifers ulicler 
15, 15 to 17, 18 to 20, 21 to 23 and 24 mo. of age or over required 2.40, 1.91, 1.60, 
2.54 and 2.89 services, respectively, per conception. Olds et al. (6) ,  in a study of 
43.5 heifers of the IIolstein ancl Jersey breeds, found a satisfactory fertility in 
Jerseys 12 to 14 mo. of age; aside from this, the fertiilty increased with age up to 
21 to 24 mo. of age. I n  a study of 1,265 heifers bred artificially, Olds (7) found 
no significant trends associated with age in the Holsteins and Guernseys, but the 
fertility of Jersey heifers declined from 64.2 per cent in the group 12 to 15 mo. 
old to 46.1 per cent in those bred a t  24 mo. of age or older. I n  view of these 
conflicting results and since i t  is difficult to secure accurate ages in this type of a 
fielcl study, i t  was decided to gather additioilal records and also to include a chest 
girth measurement as a11 estimation of size (3). 

Received for publication Mar. 1, 1952. 
1 The investigation reported in this paper is in connection wit11 a project of the Kel~tucky 

Agricultural Exporime~it Station and is published by permission of the director. 
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PROCEDURE 

Inseminators in 21 locals of the Icentucky Artificial Breeding Association were 
asked to record the ages of heifers a t  the time of first service whenever this infor- 
mation was available. I n  addition, they were asked to take the chest girth meas- 
urement as an  indication of size of all heifers bred ancl to record the data in their 
herd record books. This was clone for a period of 1 yr. (1949-50) and all heifers 
were allowed a t  least 4 mo. in which to return for another service before tabula- 
tions were made. 

RESULTS 

Data were obtained for 2,166 heifers of the Holstein, Jersey and Guernsey 
breeds; ages were obtained for 1,786 heifers and the chest girth measurements 
for 1,405 heifers. The breeding efficiency of heifers for the various ages is shown 
in table 1. The Chi-square test indicated that there were no significant fertility 
differences in the age groups. 

TABLE 1 

Breeding efliciency of 7~eifers according to age 

Holstein 

Age 0 % NO1l- 
bred returns 

(?>LO.) 
12-14 ................................... 36 82.1 
15-17 ..................................... 164 68.3 
18-20 .................................... 195 73.9 
21-23 ................................. ... . 5 1  80.4 
24 or over ..................... 56 67.9 
ITnltnown ............................. 155 69.0 

Jersey Guernsey 

No. % Non- No. % Kon- 
hred returns bred returns 

The breeding efficiency of heifers for the various groups sorted on estimated 
weights, based on chest measurements, is shown in table 2. Apparently, the dif- 

TABLE 2 

Breeding efliciency of heifers according to estintated tceight as  determined from ekest girth 

Holstein Jersey Guernsey 
Estimated 

weight No. % Kon- KO. % Eon- No. % Non- 
bred retnrns bred returns bred returns 

(lb.8) 
301-400 ....................................... ......... 22 63.6 5 60.0 
401-500 .............................. 14 78.6 180 68.3 47 i2.3 

Totals .................................... 657 71.7 906 67.6 603 62.5 

a Kendriek and Parker (3). 
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fercnces in weights were not closely associated with changes in breetli~lg efficiency, 
for  the Chi-square test indicated that there were no statistically significant dif- 
ferenccs among the groups. 

It should be adniittetl that coinplete reliance cannot be placed in all the ages 
of heifers as given to insemiilators by farmers. Some miscalculations or inac- 
curate estimates are almost certain to occur, although perhaps overestimates of 
age may tend to cancel the nnderestiniates. Lilremise, thr  chest girth measure- 
ments may be sitbject to error. I n  one case, a tape measure which had gotten 
wet was found to have shr~inlc 3 in. in the span of 72 in. IIo~verer, in this case, 
the inseminator recognizecl the shrinkage pronlptly and stopped using the tape. 
Nevcrthelcss, i t  is bclic~ed that, for the most part, the data are reliable and that, 
within thc limits of this stuily, age ant1 size did not have a lnarlrccl effect on the 
fertility of heifers. 

SUJI3IART 

Breeding efficiency JTas obtained for 2,166 heifers of the IIolstein, Jersey and 
Guernsey breeds; ages vcre secured for 1,786 animals and the chest girth meas- 
urement for 1,403 of the heifers. Age groups studied ranged from 12 to 14 mo. 
to 24 mo. or over. There \vt,re no significant differences in breeding efficiency 
between the various age gronps. 

There were no significant differences in the breeding efficiency of heifers 
gronped according to size on the basis of chest girth ineasur~mcnts. The esti- 
mated weight gronps rangecl from 301 to 400 lb. to 901 to 1,000 lb. 
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A UOMPARISOS BETWEEN DAILY ROTATIOSAL GRAZISG AND 
CONTIXUOUS GRAZING1* 

11. L. RRUSDAGE ASD \V. E. PETEIISEN 

Division of Dniry Eusbandry, University of Blin,nesota, St. Pau l  

Grazing nlallagcment practices with dairy cattle may be divided into t\vo 
basic systems, controlled and nilcontrolled. TTncler the nncontrollccl system of 
management (continuons grazing) the pasture area. is grazed as a single large 
unit for the entire grazing season. TV11cn the pasture can no longer meet the 
nutritive reqnireinents of the grazing animals, it  is supplemented with grain plus 
preserved or soiling crops. 

Uncler the controlled system of management (rationed and rotational grazing.), 
the pasture area is subdivided into several srnaller nnit,s. These are grazed in 
succession, thus allo~ring for recovery of intliridnal units bctwecn grazings and 
the harvesting of excess forage as winter feed. 

Many farmers i11 New Zealand, using a rery iiitcnsire system of rotational 
grazing, changing the pastures two and three times every 24 hr., have demon- 
strated thc high productivity of this type of pasture management. McMeekan 
(4) reports that proclnction of 400 Ib. of butterfat per acre has been obtained 
using this systcm. 

Two reasons may be adranced for increased pasture productivity under daily 
rotational grazing. Dne to a higher intensity of grazing and the salvaging of 
surplus forage, a greater efficiency of utilization of available herbage is obtained. 
Secondly, the herbage is successively grazed while actively growing, thus assuring 
an adequate quantity of forage lower in lignin and of higher nutritive value 
than from more mature pasture forage. 

This experiment has been designed to compare two extremes in pastnre man- 
agement, continuous and daily rotational grazing. The experiment was con- 
ducted over a complete grazing season, May 18 to August 31, 1951. Four sets 
of monozygotic dairy cattle twins were employed as the grazing animals, en- 
abling a more intensive study with high significance (1, 2). 

EXPERIMENTAL 

Table 1 lists the animals used in the experiment. Due caution mas taken to 
select sets in the same stage of lactation and pregnancy where these factors were 
involved, thereby reducing physiological as 117ell as hereditary differences. The 
two steers, T94 and T95, were on different planes of nutrition prior to the start 
of the experiment, T95 being on a lower grain diet. This may explain some of 
the differences in growth rate exhibited by these two animals during the ex- 
periment. 

Received for  publication Mar. 2, 1952. 
1 Scientific Journal Series Paper no. 2800, 3Zinnesota Agricultural Experiment Station. 
2 Data presented in this paper are from a tl~esis so1)mitted hy A. L. Brundage to tho g m ~ l u -  

ate faculty of tlic University of hfi~mesota in partial fulfillment of the requirements for the 
Master of Science Degree. 



624 A. L. BRUNDAGE AND W. E. PETERSEN 

The pasture area consistecl of about 10 acres of a uniform alfalfa-brome grass 
mixture (9  : 1 )  400 by 1,000 ft.  A fence divided the area down the long axis into 
two equal halres, and a second fence served as a lane whereby the animals man- 
aged under the daily rotational system might be admitted to the pasture a t  any 
designated point. The pasture managed under the continuous grazing system 
(4.8 acres) was grazed in its entirety for the vhole grazing season. No clipping 
or harrowing was done. The pasture managed nnder the daily rotational system 
(4.6 acres) was rationed out in daily allotments. Two temporary electric fences 
served to separate a small strip of the pasture from the previously grazed area 

TABLE 1 

Etperi fnental  nninlals 

Breed 
(all gmdes) Sex Date of Calving Breeiling 

Birth date date Weiglita 

Guernsey 
Guernsey 
Guernsey 
Guernsey 
IIolstein 
IIolstein 
IIolstcin 
IIolstein 

a Weight taken the day before the start of the experiment. 
Managed under the daily rotational system. 

CManaged under the continuous system. 

and the ungrazed area. This strip was aclvanced successively u p  the field until 
the previously grazed area had recoverecl sufficiently to permit regrazing, a t  which 
time the animals were brought back to the beginning and the ungrazed area was 
cut for hay. 

The movability of the fence is very important in following the daily rotational 
system. An important part of this movability is providecl by the specially de- 
signed fence posts, designed after similar ones in use in New Zealand. These 
consist of regular rod-shape electric fence posts, with the top part  bent into the 
shape of a pig's tail. An old millring machine hose, slipped over this, serves as 
insulation, a twist allowing the wire to enter the eye, and a twist allowing the 
wire to fall free within the loop. This eliminates porcelain insulators and wire 
clips. The fence was moved as a unit to its new location each day. With ex- 
perience, the two fences (400 ft.) could be moved and reerected in less than 0.5 hr. 
by one individual. 

The four milking animals m-ere ~~.a lkcd to the nearby barn and milked twice 
a clay by machine. The milk was weighed each millring and samples taken for 
butterfat test once a meek. All the animals were weighed a t  the barn each Friday 
afternoon. 

There are two factors to be considered in evaluating the two management 
systems : productivity of the animals ancl productivity of the respective pastures. 
Only that pasture production harrested as animal production or winter feed may 
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be credited to a management system. Production not harvested by the animal 
or man is waste resulting from the management system involved. 

The method of ICnott et al. (3)  was used to calculate the nutrient reqnire- 
ments of the animals. No grain or roughage, except an occasional handful of 
coarse hay as a precaution against bloat, was fed during the experiment; there- 
fore, it is assumed that the calculated T.D.S. requirements of the animals repre- 
sent the T.D.N. production of the pastures. The fact that each experimental 
group was identical in genotype and performing similar physiological functions 
tends to reduce differences in efficiency of forage utilization, and the absence of 
supplemental feed tends to reduce differences in digestibility of the consumed 
forage. Therefore, it may be assumed that this method of estimating pasture 
production is a reliable means of comparison under the conditions of this ex- 
periment. 

RESULTS A S D  DISCUSSIOX 

Conclusions may be drawn only for the weather conditions prevailing during 
the experiment. These were not normal, being well below average in tempera- 
tures and above average in total and evenness of distribution of precipitation. 

Definite grazing patterns were noted under each management system. The 
group managed under the continuous grazing system employed its own system of 
rotational grazing. The first few weeks of the experiment the cattle grazed down 
small, isolated areas of their pasture. As the experiment progressed, they con- 
tinued to regraze these same areas, ignoring the remaining forage which was 
maturing and going to seed. Under the rainfall conditions prevailing, the re- 
growth on these sinall areas was sufficient to maintain the animals. However, 
visual observation indicated that this type of grazing was injurious to the pasture, 
for some of these areas were seriously overgrazed and other ungrazed areas were 
allowed to become extremely weedy. 

During the early weeks of the experiment, the pasture managed under the 
daily rotational system was grazed very intensely, a t  a rate equivalent to eighty 
cows per acre per day. Even under this intensity of grazing, the animals were 
very particular in selecting the leafy material and rejecting the stems. However, 
when the area was regrazed, they began to select against certain small areas as well 
as against stems. This selectivity increased with the number of times a given 
area was regrazed, until at  the end of the experiment they were selecting against 
more than 50 per cent of the area. That this was due to contamination with 
urine and feces, and not to differential maturity of the plants, was indicated by 
the observation that clipping of a small area after grazing had no effect on sub- 
sequent selectivity. 

Bloat was a definite problem under both management systems and may be at- 
tributable to the predominance of alfalfa in the pasture mixture and the low 
roughage consumption. It is interesting to note that bloat only occurred within 
twin sets. The two Holstein heifers (T69 and T70) both exhibited a tendency to 
bloat constantly during the early weeks of the experiment. Coarse hay was 
given in small amounts and served to keep the symptoms from becoming too 
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se~-ere, and the condition cleared up spontaiieously a t  the end of the first 3 wk. 
of the esperiment. The steer under the continuous system (T94) developed 
severe bloat symptoms in late July which lasted for over a meek and then cleared 
up spontaneonsly. The steer under the d;iily rotational system (T9.5) died 
Angust 9, his death being attributed to bloat, although no previous symptoms 
had been observed. At this time T94 was removed from the experiment to even 
up the two groups. H o ~ ~ e r e r ,  the perforinances of these two animals while on  
the experiment are included in the comparison of the management systems. 

TABLE 2 
Total milk and butterfat production and total weight gains dzrrinq tlte rxperimentnl period 

S o .  Milk AT. test Butterfat Te igh t  gain 

a Removed from the experiment a t  the end of 11 mk. 
r Managed under the daily rotatio~lal system. 
c Xanaged under the continuous system. 

There was no significant difference in total animal proiluction resulting from 
either management system, as will be noted in table 2. However, if T.D.N. per 

TABLE 3 
Hay prodziction front the rotationally grazed pasture 

Date of 
cutting Acres Total Lb. per aere Total T2.N.a ;;;ze 

- 

(lb.) (lb.) (lb.) 
6-12-51 2.8 7,550 2,696 3.797.6 1,356.1 
7-24-51 2.8 8,975 3,205 4,514.4 1,612.1 
Total 2.8 16,525 5,901 8,312.0 2,968.2 

a Alfalfa hay, all analysis 50.3% T.D.S. (5) .  

TABLE 4 
T.D.N.  production tinder the two nranagemrnt s?yntems 

Source of Total T.D.S. T. D.N. per acre 
T.D.S. Continuous Rotation:~l Continuonsb Rotational 

. . . , ~, \ 2 

Grazing .............................. 5,680.9 5,929.8 1,183.5 3,138.4 
(5,649.2) a 

Hay ............................................ 8,312.0 2,968.2 
Total .................................... 5,680.9 14,241.8 1,183.5 3,096.0 

a 1.8 acres of the daily rotational pasture supplied the nutrients in parenthesis. The re- 
mainder was supplied by 6-d. gmzing on that part  of the pasture which also produced h:~y and 
is not included in the calculations to determine T.D.S. production per aere from grazing. 

b 4.8 acres. 
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acre in the form of grazing is to be used as an  evaluation of pasture productivity, 
i t  mill be noted from table 4 that  the daily rotational system resulted in nearly 
three times the production per acre of the contint~ons system. When T.D.N. in  
in the form of hay also is included, i t  mill be noted that  total T.D.X. production 
under the daily rotational system is almost three times that under the continuous 
system. 

The question may bc raised as to whether the decreased procluctivity of the 
continuous system is due to an  excess of pasture area supplied. This is undoubt- 

,T94 removed 
570 - 

1 2  3 4  5 6 7 8 9 1 0 1 1  12131415 - .  

WEEKS 

FIG. 1. Li re  weight of the experimental animals ( 4  sets of identical twins) a t  weekly 
intervals from May 18 to Aug. 31, 1931. Broken lines--continaous grazing; solid lines- 
dail- rotatioll:ll gwzing. 

edly a partial explanation under the weather conditions prevailing during the 
experiment, but not 11ec.essarily under inore norinal ~vcather conditions. This 
illustrates an  inherent disadvantage of the continuous system of management. 
A given pasture area mnst be supplied which is sufficient for the animal needs 
during an  average pasture season, but no provision is possible for harvesting the 
surplus forage resulting from a n  exceptional growing scason. 

This experiment also illnstates an  inherent a d ~ a n t a g e  of the daily rotational 
system. The intensity of grazing is governed by the available forage. Under 
very fayorable growing seasons, such as the one during this experiment, less than 
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half of the area need be grazed, and the remainder may be cut for hay. Under 
more average conditions much more area would be grazed and less would be avail- 
for hay. 

Figures 1 and 2 illustrate the small weekly variation in live weight changes 

28 - 
cn 
n 26- 
Z 
3 24- 
0 
a 22- 

20 - 
18- 

12 - 
l l l a l l ~ ~ ~ l l l . l .  

1 2 3 4 5 6 7 8 9 10 1 1  12 131415 
WEEKS 

FIG. 2. Average daily 4% fat-corrected milk by weeks produced by 2 sets of 
twin Guernseys (T53 and T54 and T61 and T62) from May 18 to August 31, 1951. 
lines--continuous grazing; solid lines-daily rotational grazing. 

identical 
Broken 

and milk production within sets of twins. Essentially there is little difference in 
animal production, either total or weekly production. However, the animals 
managed under the daily rotational system tended to exceed their mates in milk 
production and weight gains during the early weeks of the experiment. During 
this time the pastures were as nearly alike as a t  any time during the experiment, 
thus indicating a difference in animal production due to the management systems. 

The animals under the daily rotational system declined in milk production 
and weight at  a more rapid rate than their mates during the last third of the ex- 
periment. This decline may be attributed to faulty management of the daily 
rotational pasture. A second cutting of hay was taken in late July and a small 
part of the grazed area was clipped to ascertain the effect of clipping on subse- 
quent selectivity of grazing. The pasture had been actively growing and it was 
anticipated that these areas would recover rapidly, but a cold wet August stopped 
growth almost completely on this area and it was necessary to maintain the ani- 
mals on the previously grazed area. A slowed growth of forage here, also, plus 
increasing selectivity due to contamination resulted in an insufficient supply of 
available nutrients. That the animals were under-fed during this time is indi- 
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catecl b y  the  gains i n  weight and milk production when  i t  mas possible t o  put 
t h e m  up on  t h e  new growth on  the  clipped area. 

Th i s  increasing selectivity o f  the  grazing ani~iials coinbilled w i t h  a decreasing 
growth rate o f  the  pasture plants is a n  important  problem associated ~ r i t h  d a i l -  
rotational grazing. I t  necesqitates careful planning t o  make certain t h a t  suffi- 
cient pastnre forage will be available for  the  grazing aniiiials when  needecl. Th i s  
m a y  meail saving sollie o f  the  forage that  ordinarily wonlcl be cu t  for  h a y  for  
pastnring later on  in t h e  season. 

T h e  question o f  whether or not  t o  employ daily rotational grazing instead o f  
contiiiuons grazing, eonsiclered ill the  light o f  th is  experiment,  becomes one o f  
efficiency o f  land utilization os. efficiency o f  labor utilization. \lrith adequate 
good pasture and op t imum weather coizilitions, claily rotational graziilg cloes no t  
seem t o  increase animal productivity over tha t  obtained w i t h  cont inl~ons grazing;  
b u t  it definitely increases the  number o f  ani~nals  ~vhicah m a y  be maintained o n  a 
given area, and prorides a pasture-winter forage coinbination which is adaptable 
t o  changing weather conditions. 

SUMMARY A N D  C O S C L U S I O S S  

A n  experiment has been described i n  which four  sets o f  identical t w i n  clairy 
cattle have been used t o  compare daily rotational grazing w i t h  coiztinuous grazing 
pasture nianagenient. T h e  experiment v a s  carried out over a co~nplete  grazing 
season f r o m  May  18 t o  August  31, 1931. S o  supplemental feed was f ed .  

Conclusions m a y  be clra\vn only  for  t h e  weather conditions prevailing during 
the  experiment,  which clefinitely were not  normal,  and for  t h e  pasture mix ture  
studiecl. 

There was li t t le difference i n  total or weekly  animal production, i n  t h e  f o r m  
o f  growth, mi lk  aiid inaintenance resulting f r o m  either management system. 

T h e  area grazed under  t h e  claily rotational system yieldecl nearly three t imes 
t h e  production per acre as did tha t  lnlder the  continuous system. W h e n  T.D.X. 
in the f o r m  o f  grazing and ~ r i n t e r  feed are calculated, the  dai ly  rotational system 
resulted in nearly three times t h e  total T.D.X. production o f  the  continuously 
grazed pasture, which was in t h e  form o f  grazing only. 

Animals  grazing a n  extensive area established definite grazing patterns, 
overgrazing a small part o f  the  area and allowing the  remainder t o  mature and 
become weedy. 

Animals  mailaged under  t h e  daily rotational system Irere v e r y  selective in graz- 
ing,  selecting for  l e a f y  inaterial and against stems and contaminated material. 

T h e  necessity o f  close observation o f  both t h e  pasture aiid the  animals, t o  in- 
sure adequate intake w i t h  a m i n i m u m  o f  wastage, i n  following a sys tem o f  dai ly  
rotational grazing has been emphasized. 

Bloat was a problem under both systems o f  inaiiagement and has been attrib- 
uted t o  t h e  preponderance o f  a l fa l fa  in t h e  pasture mix ture  and low-roughage 
intake o f  the  grazing animals. 
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T H E  SHORT-CHAIN FATTY ACIDS O F  T H E  
PERIPHERAL BLOOD O F  GOATS 

E. hl. CRAIKE AXD R. G. HANSEN 

Laboratory of Biocl&e?~iistry, Depnrt~lient of Dairy Science, 
University of Illinois, Urbana 

Consiclerable attention rerently has been focused on the metabolism of short- 
chain fat ty acids in ruminants. Volatile fat ty acids now are known to be a 
major proclnct of rumen bacterial ferineiltation (2, 4, 18). The acids thus pro- 
duced evidently are absorbecl clirectly from the rumen into the blootl stream. 
Reid (22) and l\lcClymont (15) have idei~tifi~ci and measurecl acetic, bntyric 
and propionic acids in the peripheral blood of sheep and cows. They reported 
as much as 10 mg. of volatile fat ty acid per 100 ml. of blood; t h t~  inajority of the 
acid was acetic. The blood of non-ruminants appears to contain less volatile 
acicl (13, 1 7 )  ; Reid (21) found levels in dog blood as low as 1.4 mg. 

The possible significance of these short-chain acids in  the blood of ruminants 
has been suggested by several reports. Isotopic acetate has been employed by 
Popjalr e t  al .  (3, 19) to demonstrate that  the nlanlmary gland utilizes acetate 
to synthesize longer chain fat ty acids. Manometric stutly ( 5 ,  6)  of mammary 
tissue slices has revealed that under certain conclitions ruminant tissue utilizes 
acetate more actively than non-r~~ininant tissue. Tyznik ancl Allen (24) recently 
hare observed that  the low fat  (.ontent of lnilk produced by cows on a low- 
roughage ration coultl be increased by supplemental feeding of acetate. 

The presence of these acicls seems even more significant when one considers 
that the ~arbohydrate levc~l of adult r~nninant  blood is somewhat lower than that  
of other ~nainmals. However, the young ruminant is unusual in this respect, 
for a t  birth the glucose value may be as high as 11.5 mg. per 100 ml. of blood 
(1, 0 ) .  As the age of the animal increases, the blood glucose decreases until it 
reaches the adult range of 40 to 60 mg. per 100 nll. McCandless and Dye (12) 
have considered this change in blood glncose to be concurrent with the develop- 
ment of the rumen. 

I n  this study the possibility that fatt)- acid levels in the blood may also reflect 
rnmen development has been consiclered. The observations of McCandless and 
Dye hare been confirmed and extended. 

EXPERIMENTAL 

Animals usecl were from the French Alpine goat herd maintained by the Dairy 
Science Department. Adult aniinals were fed on concentrates and hay. The 
young goats were fed nlillr principally, although they began to consume small 
amounts of hay and grain after they were about 3 \I-k. old. Changes in blood 
glucose due to ingestion of feed are ininiinal about 5 or 6 hr,  after feeding (11). 

Received for publiention Mar. 2, 1952. 
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Also, short-chain acid levels are reported to be maximal about 4 to 6 hr. after 
feeding (14). Therefore, the blood samples were obtained 5 hr. after feeding. 

Eighty- to 140-ml. samples of blood froin adult fenlales were obtained from 
the jugular vein. The young animals were stnnned, the neck blood vessels were 
cut and the blood collected. The abcloiuen ~ v a s  opened and the ston~ach com- 
partments removed as a unit. As much escaess clinging tissue as possible was 
removed and the nnit split into two parts by cutting between the reticulum and 
omasum. The volume of water each portion could hold was measuretl, then each 
part was dried with to~veling ancl \veighecl. T'olmne and tissue weight were re- 
corded as the ratio of rnrnen plus reticulum to omasnm plus abomasuin. 

The short-chain fat ty acids were estimated and identified by means of a 
partition chromatography method which included techniynes described by Petc.r- 
son and Johnson (16) and Ramsey ancl Patterson (20).  A Celite-\~,ater-benzelle 
slurry containing brom-cdresol green to locate the position of the acids was packed 
tightly in a glass tube ( a  23-m1. burette cut off so that  10 cm. of tnbe remained 
above the stopcock) until the coluinn was about 3 cin. long. The rate of percola- 
tion was controlled by pressure froin a cyliilder of nitrogen. 

The blood serum was diluted, deproteinized with zinc hydroside (23),  acidi- 
fied and then distilled as described by Frieclelnan ( 7 ) .  Thr distillate was 
titrated with 0.01 N NaOII to a phenolpthalein end point uncler a nitrogen 
atmosphere. The titration values obtained on these clistillates were always 
irregular. Only a small portion of the value actually mas found to be clue to 
fat ty acids as cleterrnined by the chromatographic procetlnre. This irregularity 
ancl the high titration of the distillates were presumed to be due to the presence 
of CO, which could not be removed completely. Therefore, to obtain an accept- 
able estimate of total volatile fat ty acids, chromatographic measure was necessary. 

The neutralized solntion was concentrated to a small rolume ant1 then evapor- 
ated to dryness. The tlrg salts were acidified, extractetl with benzene and trans- 
ferred to the top of the Celite column. The removal of all acids with three or 
more carbons from the column by continnous percolation of benzene was followecl 
by elution of acetic acid with a solution of 25 per cent butanol in chloroform 
(CB-25). The acid fractions collectecl mere titrated with standard 0.01 S 
sodium ethylate under a nitrogen atrriosphere to a phenolthalein end point. 
With known solutions of acetic acid, i t  was found that organic-solrent solntions 
gave lower titration ralnes than water soh~tions. Thus, correction factors of 
1.107 for benzene solntions and 1.083 for CB-23 solutions were used to calculate 
amounts of acid present. 

Glucose was cleterrnined by a modification of the micro-methocl of Folin- 
Malmros, used routinely in this laboratory (9) .  

RESULTS 

The rumen of the goat 6 clays old (table 1 )  was extremely small, undereloped 
ancl contained virtually no solid material. Goat 2, which was 26 clays old, had 
some intact hay in the rumen and limited fermentation may have occurred. 
Some fermentation seelnecl evident in the rnmens of all other animals. The 
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TABLE 1 

Runlen cfe~elopment and changes i n  blood glucose i n  goats 

Goat Age Blood glucose Volume ratioa Tissue weight ratioa 

(d.) (mg./100 ml.) 
1 6 113 0.32 0.60 
3 31 106 2.17 1.24 
2 26 103 0.88 1.34 
4 46 90 1.67 1.56 
6 66 88 2.09 1.58 
5 32 73 2.22 1.74 

a Ratios of rumen and reticulnm to omasum and abomnsum. 

ratios of the volume and weight of tissue of rumen and reticulum to omasuu~ and 
abomasum served as an  approximate eon~parison of development of the two 
major portions, i.e., ramen and abomasum. As would be expected, there was 
considerable difference among individuals as to actual size ; however, both ratios 
emphasize the rapid development of the rumen in comparison to the abomasum. 
Blood glucose values (table 1 )  were similar to those previously reported in the 
literature. A t  6 clays the value was 113 mg. per 100 ml.; the blood glucose 
decreased and the ratios of rumen to abon~asum increased as the animal became 
older. 

The results of the fa t ty  acid analysis are presented in  table 2. I n  the 
chro~natographic method used, all acids with four or more carbons were eluted 
from the column in one fraction with no possible separation into single acid 
groups. Since this particular fraction was small and probably was mostly 

TABLE 2 

Short-chain fat ty acids in hlood of goats 

F a t t y  acid concentration 
( p W / l O O  wl.) Per  cent of 

Age 
acetic acid 

Total of total aeid Acetic Propionic Propionic But,yric 
acid acid acidc acidb (?nolar) 

acida 

Mean 45.0 5.4 9.1 3.7 54.1 83.8 

...... ........ Adult 71.7 21.8 93.5 76.7 
L i 64.9 ...... 29.7 ........ 94.6 
c I 

68.5 
......... 64.4 ...... 17.1 81.5 79.0 

I i ......... 48.8 ...... 17.3 66.1 73.8 
I I 68.1 8.0 18.9 10.9 87.0 78.3 

Mean 63.6 21.0 

a All rolatile acids with more than 1 carbon atom. 
b All rolntile acids ~ v i t h  more than 3 carhon atoms calculated as  butpric aeid. 
r All rolntile acids with more than 2 carbon atoms calculated as  propionic acid. 
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butyric acid, it  is reported as butyric acicl. I n  some of the analyses, no sepa- 
ration mas observed between the propionic and butyric acid fractions. I n  these 
cases, the fraction of acids with three or inore carbons was calculated as propionic 
acicl and tabulated in a separate column. 

Acetic acid was foniid (table 2) in the range of 48-72 pilf per 100 1111. in the 
blood of the ad11lt goats and in thr  range of 37-51 in the blood of the yo1111g. 
There were 17-30 p112 of volatile acids with inore than t ~ v o  carbons in the adult 
blood and 6-12 ELM in the young blood. I n  nlilligrains per 100 ml., the average 
amo~ult  of acids with more than one carbon was 5.4 nlg. in adult venous sermn 
and 3.4 mg. in young serum. Thus, the adult blood contained appreciably larger 
amounts of all acitls than the blood of the liitls. Propionic and butyric acid frac- 
tions showcd a greater percentage incrcase than acetic acid. 

DISCUSSION 

The levels of volatile fatty acids found in the blood of adult goat? agree with 
the values reported to be present in the venous blood of cattle and sheep. How- 
ever, there appears to be some clifference in the type of acid comprising the vola- 
tile fraction. I n  the adult goat, acetic acid constitutes abont ' i 5  per cent of the 
volatile acids its calculated from the molar per cent of the acids liberated from 
tht. vol~una, while in cattle and sheep acetic acid accounts for inore than 83 per 
cent of this fraction. This may be a species differc~nce or a clifference in ana- 
lytical procedure. 

I t  should be emphasized that titration of the distillate reflected acaid va1uc.s in 
excess of the total combined amounts of acetic, propionic and bntyric acids in 
t h ~  sample. This became evident on comparison of this titration ralue with the 
sum of the acids recovered from the sample on chromatography. A small amount 
of acid(s) was observed to migrate more slowly than acetic acid, as was indi- 
cated when some of the columns were treated with butanol after the acetic acid 
had been recovered with CB-25. A chelnical determination (8) intlicated the 
possible presence of formic acid in this fracation. Some of this acid may have 
been a breakdox~n product of the carbohytlrates in the bloocl ~vhicah were pro- 
duced during distillation; however, a slnall an~ount  was present in the blood. 

Although the rumen generally is co~wedcd to be the source of blood volatile 
acids in ruminants, a considerable amount is observed in the blood of young goats. 
The source of this acid is probably intclstini~l bacteria or internal metabolic ac- 
tivity. IIo\oever, it  is of interest that these levels in the young goat are still 
somewhat higher than those reported by Reid for dogs (21). 

The development of the runlea is eoucnrrent with a transition period in the 
metabolic patterns of the young aniinal. The decrease in blood glucose as the 
rlunen becomes important from the standpoint of volume and weight of tissue is 
a reflection of this change. A fnrther refleetion of this transition is the higher 
levels of volatile acids in the adult animals. Although the data established a 
clifference between young and adnlt le~.els of volatile arid.;, they do not definitely 
indicate whether the volatile acids increase gradually with rumen development 
or if they are influenced by a particular type of fermentation. Since the tismes 
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may utilize these acids, lower levels should be expected in  7-enous blood. I n  this 
study, venous blood from the adult is compared with a mixture of venous and 
arterial blood from the young; this may lessen the observed differences between 
young and adult animals. 

As to its energy source, the young ruminant then is similar to the non-rumi- 
nant. Monosaccharides probably are absorbed from the digestive tract and ac- 
count for the high levels of blood glucose. When the ruinen develops and begins 
to function, the short chain acids niay become a major product of the digestive 
tract and may constitute an important energy source for the animal. This ac- 
counts for the rise in acid level and the clecrease in blood glucose. Reid (21) has 
discussed the probability that  the source of the blood glucose is the propionic 
acid formed in the minen. 

Measureable amounts of acetic, propionic and butyric acids were identified 
in  the peripheral blood of goats. Small amounts of other volatile acids also were 
present. There were 2.7 to 3.8 nlg. of total volatile acids per 100 ml. in the 
blood of the young goats and 4.2 to 6.1 mg. per 100 ml. in the blood of the adult  
animals. About 75 per cent (molar basis) of the adult levels of volatile acids 
was acetic acid. 

Concurrent with the development of the rumen, the glucose level of the blood 
decreased, while the short-chain fat ty acid level increased. 

The authors wish to thank R. J. ICeirs for aid and E. E. Ormiston for coopera- 
tion in the handling of the goats. 
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T H E  PREFEREXTIAL UTILIZATION BY BULL SPERiVATOZOA O F  
GLUCOSE AS COMPARED TO FRUCTOSE1 

A. VSNTIENIIOVEN, G. W. SALISBURY, N. L. VANDEMARK AND R. G. HANSEN 

Departn~ent  of Dairy Science, University of Illi?~ois, Crbatla 

I n  studies on the rate of fructolysis by bull spermatozoa, as a possible indica- 
tion of inherent fertility level of the semen under consicleration, i t  was noted in 
this laboratory that the utilization of frnctose was always depressed in the prrs- 
ence of the yolk-citrate-sulfaililamide diluter. Mann ( 5 ) ,  who advocated 
fructolysis determinations for such purposes, incubated whole bull semen in a 
Ringer's-phosphate buffer a t  38' C. I le  reported frnctose utilization of froin 
1.5 to 2.0 mg. per 10R spermatozoa per hour for normal semen samples. Our 
average value of fructose utilization by 42 comparable semen sanlples in yollr- 
citrate-snlfanilamide (2) a t  46.5" C. was 0.11 mg. per 10' spermatozoa per hour. 
Inasmuch as the buffer and other incubation conditions mere some~vhat different 
in our study, an investigation was made to determine the actual cause of the 
difference in frnctolysis rate. I t  is the purpose of this paper to present those 
results. 

ESPERlhIENTAL PROCEDURE 

The incubation of diluted semen was carried out in narrow test tubes, making 
the condition essentially anaerobic or in Warburg vessels under an  atmosphere 
of nitrogen. The routine dilution rate was one par t  of semen to four parts of 
added diluent. Total reducing substances (TRS) were determined by the 
method outlined by Selson (8 ) ,  fructose by the method of Roe (9) and lactic 
acid by the methocl of Barker and Summerson (1 ) .  Glucose, where pertinent, 
was calculated as the difference between the TRS and the fructose aaalysis. 
l'nrity of the sugars added was tested polarimetrically. The specific rotation 
obtained for glucose was 52.75" and for frnctose -88.0'. The purity of these 
comn~ercial products was such that no further purification seemed necessary. 

RESULTS 

The rate of frnctolysis of whole semen when incubated a t  46.5" C. in a 
calcium-free Ringer's-phosphate medium (3)  was compared to that i n  a yolk- 
citrate-sulfanilamide diluent which coiztainecl additional carbohydrates. One- 
half of each of five semen sanlples Tyas incubated in each of the two diluents in 
test tubes. The results presented in table 1 establish the fact that a real cliffer- 
tnce existed in frnctose ntilization between the two diluents during incubation 
a t  46.5" C., the differences noted being statistically highly significant (P = or < 

Reccired for  publication March 3, 1952. 
1 The data  for  this paper are from a thesis presented by the senior author to the Graduate 

College, University of Illinois, in  partial completion of the requirements fo r  the degree of 
Waster of Science in Dairy Science. June, 1951. 

637 



638 A. VANTIENHOVEN ET AL 

TABLE 1 

Glttcose and frztctose titzlization and lacttc acid prodtretton b y  bull semen. (Zao?~batrons uvrc  
made a t  46.,i0 C .  for 60 T I I I ~ .  2 %  narro1rT test tubes. Avernge oal~les  are gt7rt1 for fire 

zncnbaltons. Bul l  semen dzlzrled 1 : 4 u ~ a t l ~  tlte approprlatc blrffrr.) 

Diluter TRS* Fructose Glucose Lactic acid 
Initinl loss Initial loss Iilitial loss G:iin 

(mg./108 cells) 
Ringer 's-pliosphatc ..................................... 0.41 0.19 0.51 0.23 - 0.10 - 0.01 0.21 
Wolk-citrate-sulfallilnmide ........................... 0.73 0.93 0.54 0.04 0.19 0.18 0.25 

' TRS = Total  reduciilg sol)stanccs 

0.01). Also, thry show that a t  this relatively high incubation temperature the 
main metabolic channel is a glycolytic one, lactic acid being the primary rnd- 
product of the carboh?-drate used. The discrepancies obserl-ecl between TRS 
and fructose determination., in thc. Ringer's-phosphate dilnrnt a r r  unexplainccl, 
but secin not to ritiate the conclusion that  a real difference in fructose utilization 
in the t\vo dilnents occurs a t  46.5' C. The results snggested that a source of 
carbohydrate furnished by egg yollc was used in preferc>nce to frnctose. 

Thus, a second 46.5" C. incubation experiment involving three sernen samples 
TT-as conclncted with the Ringer's-phosphate as the buffer, to 1vhic.h ( a )  equal 
parts of fresh egg yolk, (b)  frnctose and ( r )  glucose were added. The latter 
two were added in an~ounts approximately eclnal t c  thr  level of TRS i11 the 
amount of yolk added ill ( a ) .  The results are shown i11 table 2. Esserltially 

TABLE 2 

Glucose and fr~rctose zrtzltzatrort b y  bllll reinen tncubated i n  Ringer's-phosphate buffers oon- 
tainlng eztlrer egg yolk or added carbolrydrate. ( Incubat tons  zucre ~na t l e  a t  46.5" C. 

f o r  60 m ~ n .  zn narroul tcst ttrhpp. I ~ V F T U , ~ ~  talltr\1 are ,qltell f o r  tl trtr ~fflcrrOa- 
trons. n u l l  srltfen clrltttetl 1 :  4 ~ r r t h  thc  npproprtate hzrffer.) 

T R S  Fructose Glucose 
Atldition 

Initial loss Initial l o s ~  T~iitial loss 

(lll,q./lOR crlls) 
E g g  Y o l k  ............... 0.i3 0.22 0.43 - 0.01 0.30 0.23 
Glucosc ............... 0.68 0.20 0.43 0.0.5 0.25 0.15 
Fruetosc ................. 0.69 0.20 0.65 0.22 0.01 - 0.02 

the same pictnre was obtainecl from the added egg yolk with the Ringer's- 
phosphate buffer as when the sodimn citrate buffer was n.;ecl earlier. Practically 
no frnctolpsis resulted, ~vhile TRS were ntilizecl by thr  spermatozoa as in the 
earlier cxperiments, which led to the conclusion that the type of buffer was not 
the main item (*ansing the clepression in fructose utilization. 

I n  order to study further the effect of glucose under conditions in which 
the level of glncose or of fructose could be controlled, and to test whether or not 
the phenomenon orc*urrecl a t  normal  bod)^ temperatnre, the fructose noririally 
Pound in semen was rernoved by washing the spermatozoa two times in the 
Ringer's-phosphate and dihxting to the original ~ o l n m e  with buffer. To separate 
quantities of the Ringer's-phosphate solution eqnal quantities of glucose, of 
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fructose and of a mixture of equal parts of each were added. Equal amounts 
of washecl spermatozoa from each of four selnen samples were added to the 
solutions and incubated in a lTTarbnrg flask under nitrogen for 1 hr. a t  a tem- 
perature of 37" C. The average level of sugar aclcled to each flask was 257.2 mg. 
pcr 100 1111. of sperm suspri~sion.~ I n  the rnixtnre c*ontaining both glucose and 
fructose, an averagcl of 83.5 mg. pcr 100 1111. of glucose was utilized as comparecl 
to but 0.5 111~. per 100 ml. of fructose. Ail average of 107.0 ing. per 100 ml. of 
substrate was utilizecl in the dilnent containing only glucose, while i11 the 
fructose-containing flask, an average of 78.2 mg. per 100 ml. was utilized. These 
results pointrcl conclusively to the fact that  under anaerobic conditions a t  37' C. 
spermatozoa in the presence of equal quantities of both glucose and fructose 
preferentially metabolized the glucose. Thus, the results were not qualitatively 
different for the two different inc~zbation te~nperatnres eiiiployed in these series 
of experiments, 46.5 or 37' C. 

0 FRUCTOSE 
0 GLUCOSE 

PERCENT FRUCTOSE IN MIXTURE 
FIG. 1. Glucose and fructose utilizatioll 117 wasl~cil spe r~~ra tozo :~  from various nlixtures of 

the carbohydrates ill a Ringer's-phosphate medimn. Ax-erage values of G semen samples. 

For  the detennination of the approximate concentration of the two snbstratcs 
a t  which utilization n-onld be essentially equal, the following experiment was ile- 
signed. Twice-washed spermatozoa from six seineil samples were incubated a t  
37" C. uncler nitrogen in a Warburg flask in Ringer's-phosphate bnffer containing 
varying proportions of fructose to glucose, including 1 : 1, 3 : 1 and 9 : 1 partq 
of fructose to glucosc~ and one flask containing only frllc~tose. These monosac3- 
charides were adcled to a total l e ~ e l  of approximately 0.67 mg. of TRS per 10' cells 
in all flasks in each of the six replic~ations, an amount snfficient to meet the total 
substrate need of the spermatozoa. The results presented in fignre 1 show that 
under the conditions of this experiment, and with the total supply of available 
substrate used, the two lines cross a t  an extrapolated ratio of 83: 15 fructose 
to glucose, indicating equal rates of utilization a t  this point. 

2 I n  this experiment sperm counts were not made in all samples af ter  11.as1ling and, therp- 
fore, the results are given in ing. of glucose per 100 ml. of sperni suspension. 



640 A. VANTIENHOVEN ET AL 

DISCPSSION 

The yolk from hen's eggs has been reported (7, 10, 11)  to colitain glucose. 
The difference noted in fructolysis rates in the two buffers is undoubtedly due 
to the glucose content of the added egg poll;. The studies reported in this paper 
confirm the observation of Mann (6)  that  spermatozoa in their own seminal 
plasma, or free from it under anaerobic conditions (preferentially), utilize glu- 
cose when i t  is available. 

The studies by Wiebelhaus and Lardy (13) and by Slein et al. (12) in which 
hexokinases from yeast and from animal tissues were shown to h a w  a much 
higher affinity for glucose than for fructose might offer a possible explanation 
for the results obtained with bull spermatozoa. I t  is postulated that bull sper- 
matozoa contain an enzynle or enzymes which act similarly to these other hexo- 
kinases. This hypothesis, hoarever, call only be tested by isolation or purification 
of the enzyme or enzymes from the bull spermatozoa. 

Whether the preferential glucose utilization by bull spermatozoa has any 
relation to  the metabolism of the spermatozoa i11 the female genital tract is not 
lrnown but has further to be investigated. 

SUJIN ARY 

Egg yolli has a sparing effect oil fructose utilization by bull sperinatozoa 
during anaerobic incubation a t  37 or 46.5" C. 

This sparing effect can be explained by the occurrence of glucose in egg yolk 
and the utilization of glucosc in preference to fructose by bull spermatozoa. 

A t  a ratio of 85 parts of fructose to 15 parts of glucose, an equal ntilization 
of fructose and glucose by washed spermatozoa may be expected during incnba- 
tion a t  37' C ,  under nitrogen, if the initial level of TRS is approximately 0.67 mg. 
per lo8 cells. 
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BUTTER 

0. F. HC'NZIKER, SECTION EDITOR 

360. Wrapping machine for butter and the like. 
H. R. COON, SR. AND E. J. RAPP (assignors to 
Lynch Pkg. Machinery Corp.). U. S. Patent 
2,592,793. 1 claim. Apr. 15, 1952. Official 
Gaz. U. S. Pat. Office, 657, 3: 758. 1952. 

Details are given covering the construction of 
a motor-driven machine for wrapping prints of 
butter, margarine, etc. R. Whitaker 

361. Infrared ray butter softener. E. F. H u -  
BACKER (assignor to Rorg-Warner Corp.). U. S. 
Patent 2,594,023. 5 claims. Apr. 22, 1952. 
Official Gaz. U. S. Pat. Officc, 657,4: 1176. 1952. 

Butter, within a household refrigerator, is main- 
tained at a temperature suitable for spreading by 
a thermostatically controlled infrared lamp. 

R .  Whitakcr 

DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 

362. Factors in the rise of yogurt and other 
cultured milks. C. B. LANE, Breakstone Bros., 
Inc., Walton, N. Y. Food Eng., 24, 3:  59, 60, 
161. Mar., 1952. 

The  popularity of yogurt and cultured butter- 
milk has bren increasing as a result of the attitude 
of diet-conscious Americans. Although there may 
be a question as to the curative value of these 
products, many people now buy them as a food 
rather than a health treatment. Yogurt contains 
lactobacilli, probably L. bulgaricus, and a strain 
of S. thermophilus. Commercial yogurt is not 
easy to make correctly. Cultured buttermilk con- 
tains S. lactis with S. citrovorous and S. para- 
citrouorot~s. Procedures arc given for the prepa- 
ration of yogurt, acidophilus milk and other cul- 
tured products. T. J. Claydon 

363. Growth of pigs given skimmilk soured with 
nisin-producing streptococci. R. W. BARBER, R.  
HRAUDE A N D  A. HIRSCH. Nature, 169,4292 : 200. 
1952. 

Pigs fattened for 126 d. on a daily diet con- 
taining 4-6.5 Ib. of skimmilk soured with Strepto- 
coccus lactis failed to grow any better than a con- 
trol group fed unsoured skimmilk. Cultured 
skimmilk contains 100-120 units/ml. of nisin, 
the antibiotic produced by S. lactis. 

R. Whitaker 
A 

364. Preservation of foodstuffs. L. E. BORST. 
Application 552,558. Apr. 29, 1952. Official 
Gaz. U. S. Pat. Office, 657, 5 :  1582. 1952. 

Food in containers is conveyed through an  air- 
cooled, graphite-moderated natural uranium 
reactor to produce sterility. The product is stored 
aftcr treatment to allow decay of any radioactive 
material resulting from the use of the short-lived 
fission products. R. Whitaker 

365. Method for use in the preservation of eggs. 
A. NAPPER. U. S. Patent 2.595.808. 2 claims. 
May 6, 1952. Official ~ a z . '  U. S. Pat. Office, 
658, 1: 221. 1952. 

A solution of 3-10% Ca and Na caseinate and 
CaCO, is used to seal the porous shells of eggs. 
The submerged eggs first arc subjectrd to a vac- 
uum to remove the air, then to a slight pressure, 
which causes the sealing solution to prnetratc the 
shells. R. Whitaker 

DAIRY CHEMISTRY 
H. H. SOhIMER, SECTION EDITOR 

366. Reagents for iodometric determination of 
peroxides in fats. L. H A R T ~ I A N  A N D  M. D. L. 
\VHITE, Dcpt of Scientific and Ind. Research, 
Wellington, New Zealand. Analyt. Chem., 24, 
3:  527-529. 1952. 

An investigation was carried out to develop an  
improved reagent for the iodomctric determina- 
tion of peroxides in fats that would not give high 
blanks or react with some of the liberated iodine. 
All reagents were found to be subject to error due 
to liberation of iodine by atmospheric oxygen. 
The only advantage presrnted by a good reagent 
was in the elimination of the nred for blanks. 
The use of an approximately 10% solution of 
citric acid in a mixture of tert-butyl alcohol and 
carbon tetrachloride gave results that were in good 
agreement with the acetic acid-carbon tetrachlo- 
ride mixture generally uspd. The new reaqent 
could be usedwithout making a blank titration. 

B. H. Webb 

367. The  detection of enzymes by the chroma- 
tographic brush method. 11. L. ZECHMEISTER 
AND M. ROHDEWALD, Calif. Inst. of Tcchnol., 
Pasadena. Enzymologia, 15, 3 : 109-1 14. 1952. 

Techniques used were sumtnarizrd previously 
in the abs. (no. 149) of the 1st paper of the series. 
Methods have brcn developrd for detection of an 
additional group of enzymes including a-glucosi- 

.5i 
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dase, a-galactosidasc, P-galactosidase, f3-glucuron- 
idase, phosphorylase, hydroxynitrilase, and urease. 
These enzymes may be detected alone or simul- 
taneously when occurring in mixtures of 2-5 en- 
zymes of selected types. J. J. Jezeski 

368. The amperometric titration of plasma chlo- 
ride and urine chloride. C. W. CARR, Univ. of 
Minn., Minn~apolis. Arch. Biochem. Biophys., 
34, 2: 299-304. Dec., 1951. 

An adaptation of the amperometric titration 
procedure of Laitencn ct al. (Ind. Eng. Chem., 
Anal. Ed., 18: 355. 1946.) to chloride analysis 
of bovine scrum and urine achirvecl results within 
1% of those obtained with the methods of Vol- 
hard and Schales and Schales. T o  determine 
serum chloride, 1 ml. of sample was diluted with 
21.5 nil. water, 2.5 ml. conc. IINO,, and 25 ml. 
acetone; titration with 0.01 N AgNO, employed 
the rotating platinum rlectrode as the inclicator 
electrode. Samples high in protcin, such as 
whole blood and muscle tissue, foul the platinum 
wire; however, arnprrometric titration of the ash 
of such samples is suggested. H. J. Peppler 

369. Moisture teller. H. W. D~ETERT A N D  A. 
L. GRAIIAM (assignors to Harry W. Dietert CO.). 
U. S. Patent 2,597,743. 1 claim. Apr. 29, 1952. 
Official Gaz. Pat. Office, 657, 5: 1452. 1952. . . 

Details are given for the construction of the 
Dietert moisture tester, a device for determining 
the total solids of various products, including 
dairy products. R. IYhitakcr 

370. Recovery of protein from whey. M. E. 
HULL (assignor to Armour and Co.) . U. S. Pat- 
ent 2,595,459. 4 claims. May 6, 1952. Official 
Gaz. U. S. Pat. Office, 658, 1 : 127. 1952. 

Whey first is neutralized to an acidity of 0.0- 
0.06%, thrn heated to 180-212O F. with agitation. 
The protein is ppted. by adjusting the pH to 
4.1-4.5, and then removed from the whey. 

R. Whitaker 

371. Process for the preparation of lysozyme 
from ass milk. D. M. POLO AND A. GUII.LERMO. 
U. S. Patent 2,590,121. 5 claims. Mar. 25, 
1952. Official Gaz. U. S. Pat. Office, 656,4: 996. 
1952. 

Lysozyme, precipitated from ass milk by ace- 
tone, is purified by a series of refining extractions 
and reprecipitations and finally dried at  10' C. 
under vacuum desiccation over P,O,. 

R. Whitaker 

DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 

372. Refrigerated liquid storage tank. F. J. 
ZAMBONI. U. S. Patent 2,594,603. 10 claims. 
Apr. 29, 1952. Official Gaz. U. S. Pat. Office, 
657,5: 1411. 1952. 

A cold wall storage tank has a circulating liquid 
in the jacket and is cooled by a series of separately 
controlled refrigerated cooling coils located within 
the jacket. R. Whitaker 

the De Lava1 Separator Co.). U. S. Patent 2,- 
593,934. 17 claims. Apr. 22, 1952. Official 
Gaz. U. S. Pat. Office, 657, 4: 1150. 1952. 

Construction drtails are given for a milk sepa- 
rator bowl for handling cold milk. 

R. Whitaker 
374. Apparatus for removing the product film 
from a revolving drum surface. C. 0 .  LAVETT 
(assignor to Blaw-Knox Co.). U.  S. Patent 
2,592,914. 8 claims. Apr. 15, 1952. Official 
Gaz. U. S. Pat. Office, 657, 3 :  791. 1952. 

A series of individually controlled knives, and 
means of adjusting same are described for remov- 
ing products like milk powder from the surface 
of drum dricrs. R. Whitakcr 
375. Device for stabilizing and homogenizing 
Iiquid mixtures. S. H. n. ZACI~ARIASSEN (as- 
signor to Akticbolaget Separator). U. S. Patent 
2,595,376. 3 claims. May 6, 1952. Official 
Gaz. U. S. Pat Ofice, 658, 1 : 104. 1952. 

Details are givcn for a homogenizer of the 
centrifugal-bowl type. R. Whitaker 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

L. C .  TI-IOMSON, SECTION EDITOR 

376. Whats ahead for the dairy industry. P. H. 
TRACY, Univ. of Ill., Urbana. Food Eng., 24, 
4 :  80-83. Apr., 1952. 

The need for more economical production cou- 
pled with the competition from substitute prod- 
ucts will induce changes in the dairy industry. 
The trends pointed out by the author are toward 
fewer cows, shifts in dairying locales, drop in 
milk and cream consumption, a smaller number 
of plants, greater sales through stores, a rise in 
vending-machine sales, standardization of sani- 
tary rules, widcr interest in low-fat foods, more 
substitute products, a switch to higher quality 
butter, centralization of operations, a swing to 
continuous processing, automatic packing of prod- 
ucts, washing of pipelines in-place, tank-truck 
pick up from farms and better labor relations. 

T. J. Claydon 
377. Class I1 milk-an important but neglected 
pnce. E. E. VIAL, Milk Dealers Assn. Metrop. 
New York, Inc. Am. Dairy Prod. Mfg. Rev., 
14, 3:  2-4, 6, 18-20. Mar., 1952. 

In  the New York area, fluid cream (class I1  
milk) is the 2nd most important single outlet for 
~ o o l  milk. but the volume has decreased 30% in 
;he past decade and only 10% of the pool 'milk 
is so utilized. Pricing of this class has received 
little consideration in federal order hearings. 
The change in price schedule effective May, 1940, 
increased the Class I1 price in relation to butter 
especially when butter prices are in a high range 
as at  present. The arbitrary limits on the source 
of cream supply, plus the federal order, result in 
relatively high Class I1 prices in the New York 
area. Prices are considerably higher than in 
Boston and Philadelohia markets. Manv suw- , . 

373. Centrifuge for separating cream from cold porting data and c h a k  are presented. 
milk products. G. J. STREZYNSKI (assignor to T. J. Claydon 



GENETICS AND BKEEDING 
N. I.. VAN IIElLARK, SECTION EDITOR 

378. Fertilizing capacity of bull spermatozoa 
after freezing a t  - 79O C. C. POLGE. Nature, 169, 
4302: 626. 1952. 

Semen, on collection, was diluted with an equal 
volume of yolk-citrate buffer at  t 28' C. and 
cooled to +5O C.  in 4 hr. I t  again was diluted 
with an equal volume of citrate buffer containing 
20% glycerol. After standing over night at t 5' 
C. the temperature was lowered to - 79' C. in 
45 min. and maintained for 8 cl. Pregnancies 
were produced in 79% of the 38 cows inseminated 
with the thawed material. R. JYhitaker 

379. The  use of ,skin grafting to distinguish 
between monozygotic and dizygotic twins in cat- 
tel. D. ANDERSON, R. E. BILLINCRAM, G. H. 
LAMPKIN A N I )  P. B. MEDAWAR, Univ, of Birming- 
ham. and The Animal Breedinz and Genetics 
~ e s e a r c h  Org., Edinburg. ~ e r g d i t ~ ,  5, 3 :  379 
-397. 1951. 

Skin was interchanged between cattle that were 
unrelated, full siblings, dizygotic twins of unlike 
sex and bet\veen those of the same sex, diagnosed 
phenotypically either as dizygotic or as mono- 
zygotic. Grafts between both monozygotic and 
dizygotic twins were effectual, whereas skin grafts 
between the cattle in other groups given above 
were destroyed rapidly. The tolerance of dizy- 
gotic twins to each others skin was not always 
complete. I t  was suggested that the degree of 
tolerancc may be the same as the degree of simi- 
larity of their antigenic types. L. 0. Gilmore 

380. Monozygotic bovine quadruplets. H. P. 
DONALD, JY. S. BICCAR A N D  D. M. LOGAN, Animal 
Breeding and Genetics Research Org., Edinburgh. 
Heredity, 5: 135-142. 1951. 

These calves were considered by the authors 
to be the 1st set of monozygotic calves to be di- 
agnosed. The  conclusion of monozygosity was 
based on the similarities between calves in 32 
observations in 11 different categories of character- 
istics. The dam, and supposedly the sire, were 
British Friesian. The calves were purchased but 
some died before further studies could be made. 

The theoretical explanation for the frequency 
of occurrence of monozygotic quadruplets based 
on Hellins' law for human data and twinning 
rate in Swedish cattle is given. A table of bovine 
quadruplets, quintuplets and sextuplets from cases 
in the litrrature is given. L. 0. Gilmore 

HERD MANAGEMENT 

H. A. HERaIAN, SF.CTION EDITOR 

381. Barn gutter cleaner. 13. 0 .  PETRASKE (as- 
signor to James Mfg. Co.) .  U. S. Patent 2,593,- 
340. I claim. Apr. 15, 1952. Official Gaz. U. 
S. Pat. Office, 657, 3 :  908. 1952. 

A bar, laid in the corner of the gutter, is given 
a reciprocating motion by a 2-stroke hydraulic 
ram. At intervals, spacrd less than the distancc 
of the stroke, a series of hinged paddles are at- 
tachrd to the bar. Thc paddlrs slving outward 

on the forward stroke and push the litter, then 
fold inward on the back stroke, thus gradually 
moving the litter to the end of the gutter. Means 
are provided to keep the litter from getting into 
the hinge. R. Whitakcr 

382. Milking plant. H. S. Palmer. U. S. Pat- 
ent 2,593,597. 3 claims. Apr. 22, 1952. Of- 
ficial Gaz. U. S. Pat. Office, 657, 4: 1059. 1952. 

An aisle for the milking attendant is provided 
at a lower level, between 2 stalls for milking cows. 

R. Whitaker 

383. Animal restraining device. L. E. FIELDEN- 
BRAND. U. S. Patent 2,593,559. 2 claims. Apr. 
22, 1952. Official Ga7. U. S. Pat. Office, 657, 
4 :  1049. 1952. 

Details are given for the construction of a dc- 
vice for rigidly holding an animal, such as a cow, 
steer, etc., for branding and transporting, and 
while giving the animal medical attention. 

R. Whitaker 

384. Bull lead with quick release. D. 0 .  WENDT. 
U. S. Patent 2,595,432. 1 claim. May 6, 1952. 
Official Ga7. U. S. Pat. Office, 658, 1 : 119. 1952. 

A device for leadinq cattle consists of a pivoted 
member similar to pliers in operation. A rope 
is attached to 1 handle and threaded through a 
spring attachment in the other handle which 
tightens the device on the animal's nose the Inore 
the rope is pulled. R .  Whitaker 

385. Nose tattooing device for cattle. C. S. 
CRANE AND R. A. DOVE. U. S. Patent 2,593,110. 
3 claims. .4pr. 15, 1952. Official Gaz. U. S. 
Pat. Office, 657, 3: 845. 1952. 

A device for marking noses of cattle and other 
animals for identification purposes is described. 

R.  Whitaker 

386. Dilator for clogged teats. V. GARIEPY. U. 
S. Patent 2,592,800. 1 claim. Apr. 15, 1952. 
Official Gaz. U. S. Pat. Office, 657, 3 :  760. 1952. 

An instrument is decribed for introducing medi- 
cation into teats of cows, etc. 

R. Whitaker 

ICE  CREAM 
C. D. DAIII.E, SECTION EDITOR 

387. Looking back on a quarter of a century of 
advancement in ice cream research. C. KOERVER, 
Borden's Pioneer I re  Cream Div., Brooklyn, N. Y. 
Ice Cream Trade J., 43, 4: 34, 111. Apr., 1952. 

During this period, paper cans have largely re- 
placed metal, many new ice cream stabili~ers 
have been developed and, where available, I~quid 
sugar has resulted in large mving in labor and 
handling costs. Stabilization of fruit and im- 
provement of chocolate flavor are other problrms 
\tudied by Dr. Koerver. W.  1-1. Martin 

388. Case history demonstrates four big modern- 
ization benefits. A. V. GEMMII.. Food Eng., 24, 
3 :  49-53, 214, 215. Mar., 1952. 

Modrrnization of Borden's ice cream plant at 
Gouvcrncur, N. Y., resulted in greater capacity, 
smaller losses, reduced expenses and better con- 
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centrates. These advantages were achieved by 
installation of some new equipment and slight 
modifications in design, but without excessive 
changes in the plant. Details of modernization 
are given. T. J. Claydon 

389. New low-fat high-protein package. Anony- 
mous. Ice Cream Tradc I., 48, 3 :  28, 58. Mar., " ,  . 
1952. 

"Chek" is the name of a new low-fat, high- 
protein frozen ice milk which has been introduced 
by members of the Quality Chekd Dairy Products 
Assoc. The product is sold in qt., fifth-gal. and 
pt. cartons in vanilla, chocolate and strawberry 
flavors. W. H. Martin 

390. Hood's reports on its insulated overwrapped 
~ i n t .  Anonymous. Ice Cream Tradc J., 43, 4: 
26, 27, 102. Apr., 1952. 

On July 25, Hood's brought the insulated over- 
wrapped package into the metropolitan Boston 
area for the 1st time after marketing tests in 
various districts under the Polar Scalcd name. 
As Hood's expandpd the market for this insulated 
overwrapped package, the regular type of pt. 
container was being withdrawn in each of the 
districts. 

Sales experience varied in diffcrrnt arras during 
the 10-d. introductory period  hen the Polar 
Sealed Pint was being sold for 29t. The increases 
were anywhere from 150-300% plus over last 
year. After wholesale and retail prices went back 
to normal, during an 8-wk. period there was an 
averaqe plus in all area3 of 3576, as compared 
with last year. Regular pint is bcing produced 
only in the Polar Sealed overwrap. 

Consumer acceptance is due to retention of 
flavor and texture because of the sealing-in pro- 
cess and shopping convenience to ronsumcrs. 
Hood's believe larger ice cream companies will 
adopt a similar method of protecting their ice 
cream quality until the product is consumed by 
customers. W. 1-1. Martin 

391. Analysis of the industry's volume in bulk, 
packages, specialties and cups. Anonymous. Ice 
Cream Trade J., 48, 3 :  22-24., 118-119. Mar., 
1952. 

An analysis of ice cream sales made by IAICM 
shows many changes in types of products and 
container sizrs during the past 10 yr. Volume of 
bulk ice cream sold has declined from 63.11% 
of sales to 46.15; packaged ice cream including 
pt., qt., 0.5-gal. and gal. increased from 20.07 to 
29.81%, cups increased from 5.47 to 6.48% and 
frozen specialties were up from 11.35 to 17.56% 
during the period 1941-1 950. 

The survey was based on reports from 415 ice 
cream manufacturers with a sale of 163,501,809 
gal. W. H.  Martin 

392. Consumer research can aid in ice cream 
merchandising. F. A. BABIONE, Penn. State Col- 
lege, State College, Pa. Ice Cream Trade J., 
43, 3: 90-91, 112. Mar., 1952. 

Methods used in ice cream consumer research, 
including taste test studies, consumer interviews, 

dealer interviews, store observation, sales tests 
and records, arc discussed. W. H. Martin 

393. Two-decker dairy self-service refrigerator. 
R. E. PABST (assignor to E. Friedrich, Inc.). U. 
S. Patent 2,594,066. 2 claims. Apr. 22, 1952. 
Official Gaz. U. S. Pat. Office, 657, 4: 1188. . . 

1952. 
A refrigerated self-service display case or cabi- 

net for dairy products is described. Available 
storage space and display area are extended by 
having a trough-like shelf, backed by a refriger- 
ated cooling coil, set back and above the usual 
storage area. R. Whitaker 

394. How and what to sell through vending ma- 
chines. M. WAINER, Pony Boy Ice Cream Co., 
Lancaster, Pa. Ice Cream Trade J., 48, 3 :  52, 
53, 108. Mar., 1952. 

Successful selling of ice cream through vending 
machines requires a variety of items and use of 
proper locations. Ways of securing locations are 
discussed. Proper equipment, strategic location 
and proper maintenance and service arc impor- 
tant factors in successful vending machine opera- 
tion. 

A change of item at lcast once a week and use 
of illuminated signs are effectivc in increasing 
sales; attractive trucks and uniformed drivers and 
servicemen help advertise the product. O n  each 
machine is a decal to show the owners' name and 
day and night number for service calls. 

W. H. Martin 

395. Ice cream scoop. M. C. MERCER. U. S. 
I'atent 2,592,720. 2 claims. Apr. 15, 1952. 
Official Gaz. U. S. Pat. Ofice, 657,3: 738. 1952. 

A hand-operated scoop for forming ice cream 
into pie-shaped portions is clescribcd. 

R. Whitakcr 

MILK AND CREAM 
P. H. TRACY, SECTION EDITOR 

396. National program for interstate milk ship- 
ments. L. A. SCHEEI.E A N D  1-1. .G. HANSON, Pull. 
Health Service, F.S.A. Pub. Health Repts., 67, 
3 :  260-267. 1952. 

The authors present the vicws of the Public 
Health Service on a national program for inter- 
state milk shipments. Background information 
on the responsibilities of this organization in the 
field of milk sanitation is outlined first, followed 
by what are considered to be the problems in- 
volved in shipping milk in interstate commerce. 
The PHS believes that 1 important step toward a 
successful interstate milk shipment program would 
be the establishment of uniform health and sani- 
tation regulations for the shipping areas and re- 
ciprocity in the inspection of milk. 

Members of state health departments, dairy in- 
dustry, agriculture departments and the PHS 
held conferences and formulated a plan and pro- 
cedure for interstate milk shipping. The partici- 
pation of the PHS is specifically requested in cer- 
tain parts of this program as follows: ( a )  State 
of origin is to make milk sanitation ratings of the 



SANITATION AND CLEASSISG A61 

milk shed following procedures developed by the 
PHS and the ratings reported to the PHS for 
certification. ( b )  Spot checks are to be made of 
the inspection, laboratory and rating procedures 
used by each state. ( c )  The PHS is to publish 
lists of interstate shippers as rated by shipping 
states. ( d )  The  PHS, when requested, is to 
assist states in carrying out their milk control 
program. ( e )  Thc milk ordinance and code 
recommended by PHS is to be used as a basis 
for rating interstate milk suppliers. 

D. D.  Deane 
397. New advance in canned fresh milk. C. R. 
HAVIGIIORST. Food Eng., 24, 3: 39. Mar., 1952. 

The procedure developed by Golden State Co. 
utilizes conventional methods of handling and 
transporting milk from farm to plant. Special 
tcchniques have been devised for pre-heating, 
homogenizing, HTST sterilizing, holding and 
cooling. The product is canned aseptically in 
the Martin unit. A pilot plant is in operation. 

T. J. Claydon 
398. Apparatus for manufacturing whipped 
cream. N. J. PFEIFFER AND F. F. SUELI.ENTROP 
(assirznors to Lemav Machine Co.). U. S. Patent 
2,59q492. 12 claims. Apr. 29,' 1952. Official 
Gaz. U. S. Pat. Office. 657. 5:  1381. 1952. . . 

Structural details are given for a machine for 
injecting gas under pressure into containcrs of 
cream. R. Whitaker 

NUTRITIVE VALUE O F  DAIRY 
PRODUCTS 

R. JENNESS, SECTION EDITOR 

399. Utilizing nutrition research in sales pro- 
motion. H. DEGRAFF, Cornell Univ. Milk 
Dealer, 41, 5 :  62-68. Feb., 1952. 

A discussion of the nutritive value of milk and 
niilk products shows that thesc products lend 
themsel\.es to advertising and sales promotion. 
The advertising features of these products are 
taste appeal, high quality protein, vitamin con- 
tent and, perhaps, the unique Ca content of milk, 
the strongest of all. Beyond these facts, the 
products sell a t  a bargain price as shown by 
tables comparing costs of steak, eggs and cheese 
with that of milk. Figures are prescntcd. 

C. J. Babcock 
400. Effect and distribution of vitamin BT. G. 
FRAENKEI., Univ. of Ill., Lrbana. Arch. Biochem. 
Biophys., 34, 2: 457-467. Dcc., 1951. 

In  addition to the known B-vitamins and folic 
acid, the larvae of the mealworm, Tenebris moli- 
tor, required for growth and survival a factor 

designated BT, found originally in Norite filtrates 
of yeast and liver extract. Milk and dried whey 
are superior sources of B,. Based on solids in 
the diet, 0.3% milk and 0.15% dried whey ex- 
hibit the same order of activity as 1-270 dried 
brewers' yeast. Casein is devoid of activity. 
Concentrates of vitamin Brp fail to stimulate rats, 
chicks, guinea pigs, Tetrahgmena sp., Streptococ- 
cus faecalis R, Leuconostoc citrouorum, Lacto- 
bacillus bulgaricu.r, Bacillus thermoalimentosum 
and Clostridium sporogenes. I t  bears some re- 
semblance to the guinea pig factor 3, and its 
activity differs from that of vitamin B,, and folic 
acid. H. J. Peppler 

SANITATION AND CLEANSING 

K. G .  WECKEL, SECTION EDITOR 

401. Acid cleaner and detergent. G. E. BRISSEY 
AND H. H. YOUNG jassienors to Swift & Co.).  
U. S. Patent 2,593,259. fclaims. Apr. 15, 1952. 
Official Gaz. U. S. Pat. Office, 657, 3:  886. 
l Y 3 L .  

Removal of heat-coagulated milk protein films 
iq facilitated by using a cleaner composed of 
phosphoric acid, an  alkali metal acid sulphate and 
an organic acid between acetic acid and a mineral 
acid in strength. The  mixture is proportioned to 
obtain a p H  of 1.8 or below. R. Whitakcr 

402. Valveless vacuum-operated fluid circulatinc 
device for cleaning hollow objects such as tea-t 
cups and milk tubes. F. T. KEDMAN, JR. (as- 
signor to Hall Labs., Inc.). U. S. Patent 2,595,- 
539. 8 claims. May 6, 1952. Official Gaz. U. 
S. Pat. Office, 658, 1: 149. 1952. 

Milking machine parts are cleaned by this 
equipment, which recirculates a cleaning solu- 
tion through all tubes and cups without dis- 
mantling. R. Whitaker 

403. Milk sanitation honor roll for 1950-51. 
Anonymous. Pub. Health Repts., 67, 3: 268-271. 
1952. 

A list is presented of 251 cities and counties 
on the Public Health Service "honor roll" for 
the period Jan. 1, 1950 to Dec. 3 1, 195 1. A rating 
of at  least goy0 compliance with the USPHS 
Milk Ordinance and Code is necessary for inclu- 
sion. The list is made up of 2 parts, those com- 
munities in which all market milk is pasteurized 
and those in which both raw and pasteurized milk 
are sold. Some communities, although deserving 
to bc included, may not be listed because their 
ratings haven't been determined by the State milk 
sanitation authority concerned. D. D. Deane 



* 
1 ook - 
How - 
Easy 

THE last time milk is han- 
dled in the A. D. Lueders' 
milk house, Waterford, Va., 
is when i t  is poured into a 
400 gallon Mojonnier Bulk 
Cooler, as shown in  photo- 
graph. The m i l k  i s  soon 
cooled toa safe38"F. Pickup 
is madedailybybulktanker. 

.There is a Mojonnier Bulk 
Cooler for every mi lk house 
requirement. Made i n  10 
sizes starting at  60 gallons. 
Write for copy of Bulletin 
240 today. No obligation. . Mojonnier Bros. Co. Milk-House Work Can Be' 
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glad to discuss the application of 

,his new stable Catalase preparation. 

tor  Complete Intormanon 
IA~IIVRX IIW ~rwent~o~ 01 
oxldlzed flava) 

on the Paul Lewcs Products 

RENNET Extract & Pwdw 
(h~gh acttv~ty-always un~form) 
PHOSPHAlASE REAGENTS 
BUTIEA COLOR 
BAOM THYMOL BLUE 

cry Stnte all11 in 4.7 I 'orr~irn Connt~.iec: 
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BACK COPIES 
of 

Journal May Be Available 

The Association has available back copies of the Journal of Dairy Science. 
If you need back copies,. please write and inquire as to whether the particular 
one that you need is available. In  some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is purchased. In many 
cases we have six or eight volumes complete with 50 or 100 copies available of 
certain numbers such as the November or December issue. 

ADSA Members Non-members Volumes and institutions 

1-16 (if available) 5.00 6.50 
17-32 (if available) 6.00 8.00 
33- 8.00 10.00 

I f  you are interested in procuring back copies please write to the Sec'y-Treas., 
Amerzcan Dairy Science Assn., c/o Ohio State University, Columbus 10, Ohw. 
Make all checks payable to the 

AMERICAN DAIRY SCIENCE ASSOCIATION 
_ _ - _ - _ _ _ _ _ _ - - - - - - - - - -  

SUBSCRIPTION. ORDER 

To THE AMERICAN DAIRY SCIENCE ASSOCIATION 
Publishers of the Journal of Dairy Scicncc 

Ohio State University, Columbus, Ohio 

Please find enclosed Ten Dollars in payment of subscription to the Journal of Dairy S- for 

one year beginning with January, 19.. .. 

.................................................................................... Name 

.................................................................................. Addrc~s 

........................................................................................... 
Foreign postage 50 cents additional. 

Checks, etc., should be drawn to the order of the American Dairy Science ASSO- 
ciation and forwarded to P. R. Ellsworth, Ohio State University, Columbus 10, Ohio. 

Your atlvertisrlnent is bein:; reacl in every Sta te  a n d  in 45 Foreign Countries 
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IS IMPORTANT I 
Leading agricultural 
schools and colleges 
agree that  the regular 
weekly use of FLAV- 
0-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 
flavor in  fermented 

Copies of the 20-Year Index 
covering Volumes I to XX, SPECIAL FLAV-0-LAC FLAKES "40" 

produce 40 quarts of starter on a single prop- 

inclusive are available a t  the agation. Single bottles $3.75. Plus postage. 
Free Cultural Manual of Fermented Mi lk  
Products on request. 

following prices : 

BRANCHES 
Baltlrnore 

MEMBERS 

........... Cloth Bound $2.35 

Paper Bound ........... 2.00 

NON-MEMBERS 

Cloth Bound ........... $5.50 

Paper Bound ........... 5.00 

I IRENNET and COLOR 
Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marxhall Rennet 
generously for maximum results. , 

MARSCHALL 

MADISON 3, WISCONSIN 

Your advertisement is being rend in every State nncl in 48 Foreign Countries 
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Paper Bound ........... 5.00 
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NOTICE TO CONTRIBUTORS 
Authorship of Original Artwles and Reviews.--Space in the JOURNAL is reserved for the 

publication of original research voluntarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. I n  the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have appeared in print or that are intended for simultaneous publica- 
tion elsewhere will not be accepted. 

Manuscripts.-Manuscfipts should be submitted in double spacing on one aide of suitable 
8fNX 11'' paper. The original copy should be furniahed. All illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ- 
ous permission from the editor is obtained. When non-review articles exceed 12 pages, a charge 
of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, F. E. Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. I n  order to 
apeed publication, one author should be designated to assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.-Original drawings, diagram8 and charts should be done in India ink on tracing 
cloth (or white board) not larger than standard letter size (8f"x 11"). All lettering should 
be inked in block style and be of such size that the lettering will be not less than ) in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is  not acceptable. Original drawings should be submitted, rather than photographs 
of such drawings. When suitable drawings are not furniahed, the author will be charged for 
the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.-Photograph for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.-Legends for figures and photographs should be typed on a sheet separate from 
the illustrative material and should be made as concise as possible while retaining their descrip- 
tive character. 

Tabular Mateh1.-Tabular material should be clear, concise and accurate. Often data 
can be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Exceesively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, c, etc., should be used for footnote 
designations. I f  possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

References.-Literature reviews should be limited to  only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chron- 
ological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference 1% 

Each reference should contain the following : Reference number, author (s), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, voL 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) Jams, L. W., AND E~YITE, J. D. Effect of Feed on Body 
of Butter. J. DAIBY Sax., 24: 660-560. 1941. 

Sample of book citation: (1) L A N D ~ T E ~ ,  K. The Specificity of Berologicd Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Mssa. 1945. 

For Experiment Station publications, the citation should be as  follows: (1) CoULl'E3, 8. T., 
AND J E ~ E I S ,  R. Packing Dry Whole Milk in Inert Gas. Minn. Agr. Erpt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: em., centimeter(6) ; cc., cubic centi- 
me te r (~ )  ; g., g r a m ( ~ )  ; mg., milligram(8) ; y, microgram(8) ; ml., milliliter(6) ; mp, millimi- 
cron (6) ; C., Centrigrade; F., Fahrenheit; lb., pound(s) ; oz., ounce(s). 

Where cor~figurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 

In  preparing manuscripts, use of first person should be avoided. 
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Isolation and Cultivation 
of BRUCELLA 

PRELIMINARY ENRICHMENT 
Isolation of Brucella strains from blood specimens is best 
accomplished by preliminary enrichment of the sample in 
medium prepared from Bacto-Tryptose Broth. For isola- 
tion from samples of infected milk no enrichment is 
required. 

ISOLATION OF STRAINS 
After enrichment the blood specimens are streaked on 
plates of Bacto-Tryptose Agar and the plates are incu- 
bated at 37" C. Milk samples are streaked on plates of 
Bacto-Tryptose Agar prepared with crystal violet to in- 
hibit the streptococci and other Gram-positive organisms. 

DIFFERENTIATION OF TYPES 
Bacto-Tryptose Agar to which thionin or basic fuchsin 
has been added is recommended for the differentiation 
of newly isolated strains of Brucella. 

MASS CULTIVATION 
Bacto-Tryptose Agar, prepared without addition of dyes 
or other ingredients, supports luxuriant growth of all 
Brucella. I t  is an excellent medium for mass cultivation 
of the organisms for preparation of bacterial vaccines or 
antigens. 

Specify "DIFCW8 
THE TRADE NAME OF THE PIONEERS 

In  the Research and Development of Bacto-Peptone and Dehydrated Culture Media 
, 

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 

Your advertisement is being read in every State and in 45 Foreign Countries 
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