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LOOKING FORWARD to the
Duraglas Handi-Square Line

Today Owens-Illinois is concentrating
on supplying you with high-quality,
high-trippage milk bottles to fill your
replacement requirements. We believe
that is the greatest contribution we can
make to your operations at this time.

SooN when replacement demands
lessen, we will be able to produce more
and more of the new Handi-Squares—
sufficient quantities to fill your needs—

TRADE MARK RE®.

U. §. PAT. OPF.

-your customers’ requests. These modern
square milk bottles are space-saving,
easy-to-handle . . . were the preferred
milk package of 9 out of 10 housewives
in a recent survey.

We suggest that you consult with us
before planning to make any change-
over. Just write the Dairy Container
Division, Owens-Illinois Glass Co.,

Toledo 1, Ohio.

DAIRY CONTAINERS

OWENS-ILLINOIS GLASS COMPANY, TOLEDO 1, OHIO—Branches in Principal Cities

Yeur advertisement is being read in every State and in 25 Foreign Countries
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Follow the example of many successful plant managers. Use a Wyan- \
@ dotte bottle-washing compound. In the complete Wyandotte line there’s
’ a product to megt each bottle-washing need.

Wyandotte Alkali Special is for plants where water is soft and no difficult
conditions are present. Wyandotte 721 Special*® is for use where water
is very hard. Wyandotte Seneca Flakes* and Wyandotte Chippewa \
& Flakes* are made for use where various kinds of hard water ordinarily %
N make proper cleaning difficult. And under unusually adverse washing
’ conditions, use Wyandotte B.W.C. (Bottle Water Conditioner) with any
of these safe and dependable products.

Then as a germicide and deodorant for plant and equipment, after wash-
ing, there’s Wyandotte Steri-Chlor*—effective, safe and easy to use.

e
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Your Wyandotte Representative is waiting to help you decide which
Wyandotte Product is best adapted to your particular needs. Give him
a call today.

Steri-Chlor in 2 1b. and 5 1b. packages for your dairy farmers’ use.
* Registered trade-mark.
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for SAFE, fast milking...
ECONOMICAL high production
of HIGH-QUALITY low count milk

IT PAYS TO USE SURGE MILKERS

BABSON BROS. CO., Chicago, Illinois

SYRACUSE + MINNEAPOLIS + KANSAS CITY « LOS ANGELES + HOUSTON - SEATTLE + TORONTO




HOW TOHELP RELIEVE

Hats Off to the Lakeville Creamery

Working closer to the 80% line and being sure of
it every time pays off these days—any day—at Lake-
ville. Above are shown three of four VANE
CHURNS doing a big job ever since 1940. Smaller
photo shows how “criss-cross” working action
piles butter right in front of the churn door, per-
mitting easier, quicker unloading. This same
“criss-cross’ action assures Lakeville Creamery of
more uniform distribution of moisture and salt. . .
better composition.

WRITE TODAY FOR FREE ILLUSTRATED CATALOG

GENERAL DAIRY EQUIPMENT COMPANY
Minneapolis 14, Minnesota




TO2HNS Bl 77ER SHORTAGE

Lakeville Creamery’s records prove

efficiency of the VANE CHURN

LAKEVILLE CREAMERY s . .
— SRE i, R — IHERE S no question about the seriousness of
Est. Est. ’ 2 . .
Churn  Molst Salt Curd Bft Molst Salt Curd Bft, DIff today’s butter shortage . . . the question is how to
May help relieve it. Part of the answer lies in how to
-l N EE e, el
22 100 Loz o0 Gl 1% 12 work closer to the 80% legal line, eliminating
Oa 17.00 1.80 .90 80.25 16.90 1.85 .90 .
y 1710 1:80 .90 80.20  16.85 1.85 .90 wasteful, profit-losing over-allowances of butter-
459 17.15 1.85 .90 80.10 17.00 1.90 .90
460 17.00 1.90 .90 80.20  16.95 1.90 .90 B80.25 -.05 fat. Records show that far too much butter contain-
June . . . .
36 17.00 1.90 .90 80.20 16.90 1.85 .90 80.35 -.15 ing 81% fat is still being made.
T Tl Al i s
16k 17.00 1.80 .90 80.30  16:90 1.75 .90 80.k5 -.15 Hereis wherethe efficiency of the VANE CHURN
213 17.05 1.80 .90 80.25 17.10 1.80 .90 80.20 +.05 . ¢ . -
231 17.00 1.75 .90 80.35  17.10 1.75 .90 80.25 +.10 is helpful. “Proof of the pudding” comes from com-
268 17.05 1.75 90 80.30 17.00 1.75 .90 80.35 -.05
R63 ¥7.10; T.75 <90 60.25 1740 1.70 290 B0:30 ~0¥ position control records kept by the Lakeville
July . . .
Cream Lakevi nn
LOBZIEEBE BRI BRI e e e et
P 17-02 172 38 g0 1mor 192 o 8oz o owners and operators. These tests were originally
26 17.05 1.75 90 80.30 17.00 1.75 .90 80.35 -.05 . . . .
L 17.00 1.75 .90 80.35  17.10 1.75 .90 80.25 +.10 made to check moisture loss in the printing process
Z b
54 12‘05 1.;5 .90 2830. 0 1Z 05 1.;5 .90 20.30 3 . .
57 16:90 1.80 .90 80.%0  16.95 1.80 .90 80.35 +.05 but they also prove uniform composition control.
A t .
Heme Study these records . . . note that Lakeville’s average
s FRUE SN NE MAEES. 80,269 ... not ome churni
45 F:fg %:72 :98 30335 %7:59 vl :98 ggzzg -0 utterfat content is 80.26% . . .'not one churning out of
22 110 195 w90 B0i2r  A7:07 o732 fod0 - the seventy shown is below the 80% legal requirement.
10 130 199 %0 Bh 14ee 179 30 Boike -las
1 16. . . . . . - x s
146 17.10 1.35 30 8a 1% 152 1% souas —i8 Proof like this shows why hundreds of profit-
150 16.90 1.75 90 80.45 16.90 1.75 .90 80.4ks . .
151 17025 1.80 .90 80.05  17.2- 1.80 .90 80.10 -.05 making buttermakers use the VANE CHURN.
Septemb: . . " .
" 17.10 1.70 .90 80.30" 1710 1.75 .90 80.25 .05 Proof like this shows you how to eliminate costly
[ HpippEn un s e I { precious butterfat. Y
K le.75 210 .% goiuo 16:78 §:8° 20 80.30 - over-allowances of precious butterfat. Yes, you
. . . . . . . 0. . .
33 12:00 2:00. 230 g0l 1202 205 30 Bo'ie ~ios can help relieve today’s butter shortage . . . and
i iElaiige ip ik mEein 's buttermalding question
16.70 . . - 16. . . 0. . Y
%2 R IR R B K L8 % 030 :'°§ answer tomorrow’s buttermaking questions
9 16.75 2.05 .90 0.30 16.90 2.05 .90 80.15 o1 1
113 17.00 2,00 .90 80.10 17.00 2.00 .90 80.10 ’- Wlth VANE CHURNS‘
October
28 16.90 1.75 90 80.45 16.95 1.75 .90 80.40 .05
29 17.10 1.75 90 80.25 17.00 1.75 .90 0.35 ~.10
L1 16.90 1.75 90 80.45 16.90 1.70 .90 0.50 -.05
80 17.15 1.70 .90 80.25 17.15 1.70 .90 0.25 .
81 16.75 2.10 .90 80.25 16.70 2.10 .90 0.30 -.05
82 16.70 2.00 90 80.40 16.70 2.00 .90 0.40
83 17.00 2.00 90 80.10 17.00 2.00 90 0.10
7 16.80 2.05 .90 B80.25 16.75 2.05 .90 80.30 =-.05
105 16.80 2.00 .90 80.30 16.90 2.00 90 80.20 +.10
106 16.70 2.00 90 80.40 16.80 2.00 90 80.30 +.10
107 16.70 2.00 .90 80.40 16.75 2.00 .90 80.35 +.05
134 16.90 2.05 .90 B80.15 16.90 2.05 .90 0.15
135 17.00 2.00 .90 B80.10 17.00 2.00 90 0.10
172 17.00 2.00 .90 80.10 17.00 2.00 90 0.10
17 16.80 1.90 .90 80.%0 16.80 1.90 90 0.40
17 17.10 2.00 .90 80.00 17.10 2.00 90 0.00
221 16.70 2.05 .90 80.35 16.75 2.05 .90 0.30 .05
222 16.75 2.00 .90 80.35 16.70 2.00 90 0.4k0 -.05
223 16.80 2.05 .90 80.25 16.80 2.00 90 0.30 -.05
232 16.95 2.05 90 80.10 17.00 2.05 90 0.05 +.05
236 16.90 2.00 90 80.20 16.90 2.00 .90 80.20
237 16.80 2.00 .90 80.30 16.80 2.00 .90 80.30
November
1 17.05 2.00 .90 80.05 16.9 2.00 90 B80.15 =-.10
2 16.70 2.00 .90 80.40 16.75 2.00 .90 80.35 .05
10 16.90 2.00 .90 80.20 16.90 2.00 90 - 80.20 .
11 16.95 2.00 90 80.15 16.90 2.00 . 80.20 -.05
12 16.90 2.00 .90 80.20 16.85 2.00 90 80.25 -.05
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Cock a geientist's €y

As a dairy scientist, you give the hoods
or caps on your milk bottles ONE JOB
to do—get the milk to the customers
pure, clean, and uncontaminated. IHere
are the scientific advantages of Alseco
Aluminum Hoods:
They seal the bottle; no plug cap
needed.
They cover the pouring edge, keep
it clean.
Being metal, they are tamperproof
and waterproof.

Being aluminum/ they are friendly
to milk; givgd it no odor, no
metallic taste

They stand
handling.

Health authofities approve them.

And of course ypu are cost-minded.

These hoods aye:
Applied af low cost by automatic
machings.

Economigal for any dairy bottling
more than 5,000 units per day.

For further information, write to
Avuminuy SEAL Company, New Ken-
ennsylvania, subsidiary of
Company of America.

p under icing and

sington,
Alumin
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DISTRIBUTED BY LEADING DAIRY SUPPLY DEALERS THROUGHOUT THE UNITED STATES AND CANADA

The Visible Guarantee of Invisible Quality

Your advertisement is being read in every State and in 25 Foreign Countries
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E. S. Brigham

P

Owner

Cesaire LaCoste Edmund Dupre
Herdsman Manager

WORLD’S RECORD GOLD STAR HERD

The E. S. Brigham herd of Registered Jerseys, with over 100 milking cows, has
completed its fifth consecutive average of over 500 lbs. butterfat made entirely on twice
a day milking.

1945-6—143 cows—10,058 1bs. milk, 5.24%, 527 lbs. fat
1944-5—141 cows—10,171 1bs. milk, 5.11%, 520 lbs. fat
1943-4—127 cows—10,058 lbs. milk, 5.26%, 529 lbs. fat
1942-3—112 cows—10,116 1bs. milk, 5.11%, 517 lbs. fat
1941-2—124 cows— 9,734 1bs. milk, 5.26%, 512 lbs. fat

Winning GOLD STAR Herd Average (1,460 consecutive days)
105 cows—10,101 1bs. milk, 5.18%, 523 lbs. fat

Made under rigorous below zero weather and long winter conditions of Northern Vermont.

@eﬂmmfﬂn Sorsey CaifeChub

334 \WVest 2310 Street
NEW YORK [1:+*NEW YORK

Your advertisement is being read in every State and in 25 Foreign Countries
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Pace-Setter in

Pasteurization

I . .. ¢ natiter of more

A more palatable bottle of milk—more
complete sanitation in the milk pasteuriza-
tion process—more positive safeguarding
- of the public milk supply . . . these
all-important benefits are assured by
Cherry-Burrell's SHORTIME pasteurizers.
For, due to SHORTIME's special design,
pasteurization is accomplished in a fully
enclosed unit with avtomatic controls—
removed from all human or contaminating
contact. All milk-contact surfaces are

. of stainless steel. No wonder SHORTIME
pasteurizers long ago won nation-wide

STANDARD SHORTIME PASTEURIZER acceptance.
(Model C)

. .. ¢ matter of less

Less time from start-up to bottle filler

(5 minutes compared to 45 to 60 minute
operation of other methods)—Iless
equipment investment—Iless floor space
required—less steam and water costs . . .
these are only a few of SHORTIME's *'less'".
advantages that add up to increased
profits. Llike all Cherry-Burrell products,
the SHORTIME pasteurizers were designed
by dairy equipment experts to meet the
exacting demands of today's progressive
dairy industry. For full information see
your Cherry-Burrell man.

CHERRY-BURRELL CORPORATION
427 West Randolph Stteet, Chicago 6, lllinois
Equipment and Supplies for Handling Milk and Its Products

FACTORIES, WAREHOUSES, BRANCHES, OFFICES OR DISTRIBUTORS
AT YOUR SERVICE IN 52 CITIES.

Your advertisement is being read in every State and in 25 Foreign Countries
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ow Patapar helps
protect foods

Into American homes every day foods are arriving fresh and appetizing —
thanks to the protecting folds of Patapar* Vegetable Parchment. How about
your product? If you are not already using Patapar for protection, now is a
good time to get to know this unique packaging material.

Boil it in water-... Wrap grease in it

One of the secrets of Patapar is its great When Pdtapar comes in contact with fats,
wet-strength. Patapar can be drenched in grease or oils, it resist penetration. Products
water — even boiled — and remain strong. with high grease content are wrapped in it
When moist foods are wrapped in it, Patapar and kept fresh. Patapar’s outer surface re-
stays intact — protects. mains clean — inviting.

Beautiful texture

Patapar's texture is rich—distinctive. plants where there is complete mod-

It tells of quality. And when it is ern equipment for printing Patapar

printed the effectis vivid and colorful. by letterpress or offset lithography.

‘We can do the printing in our own

Patapar
" P ik Some of the ways
eymar

ey to use Patapar
This little keymark is the nationally adver- Butter wrappers Milk can gaskets
tised symbol of wrapper protection. Included . Tub liners and circles Cli?xf:;wmppers and
on your printed Patapar wrappers it tells Pr.inter box liners Bulk corrugated box
customers your product is well protected. Milk bottle hoods liners-
*Reg. U. S. Pat. Off.

Paterson Parchment Paper Company ¢ Bristol, Pennsylvania
Headquarters for Vegetable Parchment Since 1885

WEST COAST PLANT: 340 BRYANT STREET, SAN FRANCISCO 7, CALIFORNIA
BRANCH OFFICES: 120 BROADWAY, NEW YORK 5, N. Y. « 111 WEST WASHINGTON ST., CHICAGO 2, ILL.

Your advertisement is being read in every State and in 25 Foreign Countries
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LACTIC ACID, PYRUVIC ACID, AMINO ACIDS, ACETONE BODIES,
OXYGEN, CARBON DIOXIDE, AND HEMOGLOBIN IN ARTERIAL
AND MAMMARY VENOTUS BLOODS OF COWS UNDER
VARIOUS PHYSIOLOGICAL CONDITIONS

J. C. SHAW

Department of Dairy Industry, Storrs Agricultural Exzperiment Station,
Storrs, Connecticut

The study of the blood precursors of milk, which received its early im-
petus by the technique of Kaufmann and Magne (14), and in which interest
has been heightened in more recent years by Graham’s (11, 13) techniques
of obtaining arterial blood, has contributed greatly to our knowledge of the
metabolism of the mammary gland. It is only natural that such techniques
should continue to be refined and that with such improvements the work
should be expanded and some of the earlier interpretations altered in the
light of more recent studies. Omne such refinement was the detection by
Shaw and Petersen (28) of the relationship between excitation and changes
in the concentration of hemoglobin in the blood traversing the mammary
gland, which led to the finding by Powell and Shaw (19) that the reported
uptake of blood lactic acid by the active gland was only an apparent utiliza-
tion caused by agitation of the animal, with a resultant rapid increase in the
lactic acid in the arterial blood and a temporary disproportion between the
arterial and venous concentration of lactic acid. Omne of the purposes of
this work was to obtain more conclusive data as to whether blood lactic acid
is taken up by the active gland. A companion substance, pyruvic acid, was
also included in this study.

In view of the conflicting reports on arteriovenous hemoglobin changes
and the respiratory quotient of the mammary gland, these studies were also
extended. In addition a series of arteriovenous experinients were con-
ducted on cows in which the per cent of milk fat and the lower fatty acids

.of milk had been decreased by feeding fish oils. ~

EXPERIMENTAL PROCEDURE

As both lactic acid and pyruvie acid increases rapidly with execitation,
numerous arteriovenous studies were made of these two substances on anes-
Received for publication November 19, 1945,
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thetized lactating and nonlactating cows, fasted cows, and cows fed cod-liver
oil. The respiratory quotients of mammary glands of normal-lactating,
fasted, and nonlactating-nonpregnant cows were also determined on cows
under nembutal anesthesia. The respiratory quotients were also obtained:
on the mammary glands of both nonanesthetized and anesthetized cows in
which the per cent of fat in milk had been depressed by feeding fish oil.

Amino acid determinations were made on arterial and mammary venous
bloods of anesthetized cows before and after depressing the per cent of milk
fat by the feeding of red-fish oil. In the studies on the effect of fish oils,
blood samples were not taken in any case until a large decrease in the per
cent of milk fat had been observed. Acetone bodies were determined on
arterial and mammary venous bloods of nonanesthetized cows before and
after feeding cod-liver oil. Hemoglobin determinations were made on all
blood samples.

Arterial bloods were obtained from either the internal iliac or prepubic
arteries by rectal puncture. Mammary vénous bloods were obtained from
the subcutaneous abdominal veins. Ethyl chloride was used to anesthetize
the skin in the region of the venipuncture on nonanesthetized cows. After
repeated venipunctures cows are subject to more agitation. Local ethyl
chloride anesthesia prolonged the period that the animals remained unagi-
tated. Once the animals reached the stage where they anticipated the veni-
puncture, local anesthesia only served to agitate the animals further. Blood
samples drawn from highly agitated cows were usually discarded. Deter-
minations were made on a few, however, to demonstrate the effect of excita-
tion upon arteriovenous hemoglobin differences.

In anesthetizing the animals the nembutal was injected intravenously
while the animal was standing in order to avoid undue disturbance. From
three to five grams were injected within a period of 30 seconds, the dosage
varying with the size and condition of the cow. The animal was allowed to
fall in a well-bedded stall and kept on its sternum by the use of bags filled
with sawdust. The head was always kept in a low position to allow for the
draining of saliva. During the first hour approximately one gram of nem-
butal was injected intravenously at 20-minute intervals to maintain anes-
thesia. The respiration rate was taken at frequent intervals to aid in main-
taining a moderate anesthesia. After the first hour nembutal injections
were made at®less frequent intervals. The cows usually remained lying
down for several hours after regaining consciousness. In a few cases blood
samples were obtained after the cows had partially recovered from anes-
thesia but were still not reactive to the needle. After partial recovery from
the effects of the anesthesia the cows were always rolled over on the opposite
side to improve circulation, still maintaining the fore part of the animal in
an upright position. When such procedure was followed, no serious after
affects were observed. A light feeding of grain was always given a few
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hours before anesthetizing the animals in order to avoid any alterations in
the metabolism of the mammary gland due to fasting.

Early in the course of the work it was observed that large fluctuations
occurred in both the arteriovenous differences and in the absolute values
when blood samples were taken too soon after anesthetization. This was
particularly true of oxygen, carbon dioxide, hemoglobin, lactic acid and
pyruvie acid. For this reason blood samples were usually not taken until
15 to 20 minutes after anesthetization and in most cases a longer period of
time was allowed to elapse. In addition the samples were usually drawn
after the animal had been very quiet and the rate of respiration had been
steady and normal for from 10 to 15 minutes or more. As there is a ten-
dency for the arteriovenous differences to be similar over relatively short
periods, rather lengthy periods of time were allowed to elapse between sam-
ples in order to obtain a more representative picture of the metabolism of
the gland.

Bloods for lactic acid were taken in oxalated flasks containing sodium
fluoride and chilled in ice water. Bloods for amino acids and hemoglobin
were taken in oxalated vessels. Bloods for oxygen and carbon dioxide were
drawn under oil in vessels containing heparin. Bloods for pyruvie acid
were drawn last in clean flasks and immediately pipetted into eold trichlor-
acetic acid without the use of preservative or anticoagulant. When con-
secutive arteriovenous samples were being drawn, the bloods for pyruvice acid
were always pipetted into trichloracetic acid before the next series of blood
samples were taken. Arterial and mammary venous bloods for each sub-
stance to be determined were always drawn simultaneously.

The chemical methods used were as follows: acetone bodies, Barnes and
Wick (3) ; glucose, Somogyi’s (32) modification of the Shaffer and Somogyi
method ; lactic acid, Miller and Muntz (18) as modified by Koenemann (17)
and Barker and Summerson (2); pyruvic acid, Friedemann and Haugen
(7) ; hemoglobin, Evelyn and Malloy (5); amino acids, Frame et al. (6)
and Russell (22) ; oxygen and carbon dioxide, Van Slyke and Neill (33) and
the Reichert-Meissl value of fat, Official and Tentative Methods of Analysis
(1).

RESULTS

The Respiratory Quotient of the Mammary Glands of Normal Lactating,
Lactating Fasted, and Nonlactalting, Nonpregnant Cows Under
Nembutal Anesthesia

A total of 22 respiratory quotients were obtained from eight normal
lactating cows under anesthesia. The mean respiratory quotient was 1.27
which confirms the reports of Graham et al. (9) and Reineke et al.. (20) on
goats and is in accord with the findings of Shaw and Petersen (29) on cows
in which there were no arteriovenous hemoglobin differences. The low res-
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piratory quotient on both fasting and nonlactating cows is also in accord
with previous reports (20, 31) although more data are needed to establish
these relationships with certainty.

The Respiratory Quotient of Lactating Mammary Glands of Cows
Fed Fish Oil

In view of the reports that the respiratory quotient of the mammary
gland of the fasted cow is less than unity and the suggestion by Reineke

TABLE 1
Arterial and mammary venous blood oxygen and carbon dioxide on cows

under nembutal anesthesia

2 Minutes Respira- Per cent 0, CO.
Expi}-;ment under tion hemoglobin | difference, diﬁerénce, R.Q.
: anesthesia rate difference vol.% vol.%
Normal lactating cows
D.E. 242 ... 20 Normal -0.31 +3.58 -5.37 1.50
90 Normal -0.50 +3.62 —4.54 1.25
110 Normal +0.49 +2.77 -2.90 1.05
D.E. 244 ... 30 Normal 0.00 +2.12 -2.52 1.19
. 95 Normal 0.00 +3.20 -3.49° 1.09
D.E. 245 ... 10 Normal 0.00 +3.08 -2.84 0.92
85 Normal 0.00 +2.84 —-3.38 1.19
120 Normal 0.00 +3.21 -4.17 1.30
122 Normal 0.00 +3.11 -2.87 0.92
D.E. 246 .. 107 Normal +0.64 +3.86 -4.39 1.14
D.E. 248 . 43 Normal -1.71 +2.90 -2.25 0.78
110 Normal 0.00 +2.73 -3.89 143
320* Normal 0.00 +3.88 -3.85 0.99
D.E. 249 ... 28 Normal 0.00 +2.36 —4.72 2.00
31 Normal -0.98 +2.79 -3.76" 1.35
43 Normal 0.00 +1.76 -3.72 2.11
D.E. 250 ... 30 Normal -0.95 +3.30 -3.80 115
57 Normal -0.73 +2.64 -3.52 1.33
60 Normal 0.00 +3.40 -5.26 1.55
D.E. 251 ... 91 Rapid -1.31 +3.83 -5.55 1.45
102 Rapid —-0.76 +4.00 —-491 1.23
) 182* Normal -0.81 +5.85 -5.85 1.00
Average ... 0.48 +3.22 -3.98 1.27
Lactating cow fasted 40 hours
D.E. 273 ... 40 Normal +0.84 +2.23 -1.34 0.60
55 Normal 0.00 +2.19 -2.70 1.23
58 Normal 0.00 +3.28 -2.62 0.80
AVOrage s | smi | e 0.28 +2.57 -2.22 0.88
Nonlactating-nonpregnant cow
D.E. 272 ... 50 Normal -1.65 +2.28 -0.94 0.41
53 Normal 0.00 +4.37 -3.07 0.70
58 Normal 0.00 +3.82 -2.76 0.72
N (o) R ISR [ — 0.55 +3.49 —2.26 0.61

* Conscious but not reactive to needle.
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et al. (20) that the low quotient is due to a decrease in the synthesis of the
lower fatty acids of milk from carbohydrate, a study was made to determine
whether the relationship between the low quotient and the decrease in the
lower fatty acids on fasting was real or fortuitous. As the feeding of cod-
liver oil also decreases the short-chain fatty acids of milk fat markedly, a
low respiratory quotient should result if the low quotient on lactating glands
of fasted cows is to be accepted as evidence that such acids are synthesized
from carbohydrate.

TABLE 2
Arterial and mammary venous blood oxygen and carbon dioxide on cows fed fish oil
. ] Per cent
.| Days . Minutes : 3 0, Co,

Bxperi- | T3 | Milk | “iider | Condition | €™M0 | giffer. | iffer-
ment & fat, ¢ globin R.Q.

No. - per cent e QLW differ- enee, oneey

oil thesia vol.% vol.%

ence
Cows fed cod-liver oil
D.E. 50 0 3.0 o | e | e |
43 1.8 | ... -0.76 +4.63 | —4.42 | 0.95
Two minutes between samples -0.76 +3.97 -3.69 0.93
D.E. 51 0 28 | s Vo ] e - O IR
18 21 | s 0.00 +3.70 | —-2.62 | 0.71
D.E. 53 0 % N R (L T wons | s | s
37 1.5 | .. : 0.00 +3.95 | -2.76 | 0.70
Two minutes between samples 0.00 +4.16 | —-2.56 | 0.62
D.E.54 0 44 | L. Rl I [—
24 32 | e 0.00 +4.25 | =576 [ 1.36
Two minutes between samples -0.94 +4.38 | -%6.95 | 1.59
D.E 55 0 6.1 T
' 15 4.5 +2.18 +3.80 [ —836 | 2.20
D.E. 56 0 3.2 .
17 1.9 0.00 +6.25 | -7.13 | 1.14
Two minutes between samples —-0.68 +6.03 | —-8.64 | 1.43
Two minutes between samples 0.00 | +5.10 | -6.77 | 1.33
23 19 - Agitated | +5.75 +442 | —-6.23 | 141
24 2.0 Agitated | +1.44 +4.62 | -5.67 | 1.23
D.E. 57 0 4.2 0.96 +4.56 | —5.50 | 1.20
17 3.1 +1.44 +3.58 | —2.27 | 0.63
Average of nonanesthetized cows .. 1.00 +4.48 | —5.26 1.16
Cows fed red-fish oil—respiration normal in all cases

D.E. 251 0 62 | G e | e | |
23 3.2 71 0.00 +1.18 | -1.28 | 1.08
............ 228* 0.00 +2.74 | -3.38 | 1.23
D.E. 251 32 3.0 75 0.00 | +342 | -5.28 | 1.54
............ 127 0.44 +198 | -3.52 | 1.78
D.E. 250 0 15717 N (e N oy e
D.E. 250 21 3.0 76 0.00 +3.08 | —-3.18 | 1.03
D.E. 250 26 3.2 57 +1.53 +3.05 | -3.87 | 1.27
ol 77 +0.76 +3.10 | -3.79 | 1.22
Average of anesthetized cows 0.38 +2.65 | —3.47 1.31

* Conscious but not reactive to 'needle.
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Eight cows were fed either cod-liver oil or red-fish oil until the per cent
of milk fat had been decreased markedly. Red-fish oil was used because it
has been found to be at least as potent as cod-liver oil in decreasing the per
cent of milk fat and the lower fatty acids. From 300 to 450 ml. of fish oil
per day were fed over extended periods of time to obtain the maximum
effect. :

In the initial trials on nonanesthetized cows, a low quotient was obtained
and it was believed that the similarity to fasted cows prevailed. More de-
tailed analyses, however, failed to confirm these results. As noted in table
2, the average respiratory quotient of fifteen experiments on six nonanes-
thetized cows was 1.16. In addition, seven such calculations were made
from experiments on two cows under nembutal anesthesia in which the per
cent of milk fat had been depressed by the feeding of red-fish oil. The mean
respiratory quotient was 1.31. In a total of 22 such experiments, the respir-
atory quotients on the active glands of cows fed fish oil exceeded unity in
15 cases with a mean value of 1.21. As a check on the relationship of the
decrease in the per cent of milk fat and the lower acids, Reichert-Meissl
values were determined on the milk fat of two cows before and after the
depression of the per cent of fat by feeding fish oil. D.E. 53 exhibited a de-
crease from 38.56 to 25.09 and D.E. 56 a decrease from 36.50 to 22.84.

Arteriovenous Studies on Lactic Acid and Pyruvic Acid

Sinee excitation has such a marked influence on the apparent uptake of
lactic acid by the active mammary gland it seemed advisable to study this
matter further by the use of anesthetized animals. Pyruvic acid determina-
tions were also included in these studies. Cows in various physiological
conditions were studied, since it was entirely possible that under certain con-
ditions the metabolism of the gland might be altered in such a way as to
effect changes in the metabolism of either pyruvie acid or lactic acid or both.
As noted in table 3, 22 analyses on six normal lactating cows under anes-
thesia showed an arteriovenous difference in lactic acid of only +0.18 mg.
per cent. A total of 26 analyses on eight normal lactating cows under anes-
thesia showed an arteriovenous difference of only + 0.047 mg. per cent py-
ruvic acid. It is apparent from these data that neither blood lactic acid
nor pyruvic acid play a significant role in the elaboration of milk. Like-
wise, the arteriovenous differences in these two substances on fasted, non-
lactating, and fish-oil-fed cows were insignificant and did not suggest any
alteration in the metabolism of either lactic acid or pyruvic acid. The only
_cases in which a significant amount of either substance was taken up by the
‘gland was shortly after anesthetization, when the arterial blood was still
apparently slightly above normal due to the excitation of the animal during
the initial injection’ of nembutal, although even in these cases the largest
positive difference was only 1.10 mg. per cent lactic acid and 0.424 mg. per
cent pyruvic acid. '



TABLE 3

Arterial and mammary VEnous blood hemoglobin, lactic acid, and pyruvic acid

on cows under anesthesia

Min: Hemoglobin Lactic acid Pyruvie acid
dow utes Per F
No. |Under | Arge. | Ve-*| cent | Arte- | Ve- | Differ-| Arte- | Ve- |Differ-
anes- | gl | nous | differ- | rial | nous | ence | rial | nous | ence
thesia ence
Normal lactating cows
. % % mg.% | mg.% | mg.% | mg.% | mg.%
D.E. 242 20 13.00 | 13.04 | =0.31 | ... e | e 0.708 | 0.542 | +0.166
. 90 12.83 [ 12.89 [ = 0.50 | o | e | 0.528 | 0.454 | +0.074
110 14.25 | 1418 | +0.49 | oo | e [ v 0.463 | 0.426 | +0.037
D.E. 243 5 11.83 | 12.10 | —2.28 1.104 | 0.680 | +0.424
85 13.75 | 13.75 0.00 0.442 | 0.442 0.000
105 14.04 | 13.97 | +0.50 | e |v o | 0.358 | 0.434 | —0.076
D.E. 244 12 | 10.74 | 10.74 0.00 | 6.08 [ 587 | +0.21 | vosns | somns | o
30 10.81 | 10.81 0.00 | 3.29 3.03 | +0.26 | 0.448 | 0.310 | +0.138
95 10.57 | 10.57 0.00 | 2.02 2.21 | -0.19 | 0.296 | 0.318 | —0.022
D.E. 245 10 | 10.41 | 10.41 0.00 | 445 | 3.66 | +0.79 | 0.596 | 0.410 | +0.186
85 11.07 | 11.07 0.00 | 1.70 1.51 | +0.19 | 0.318 | 0.230 | +0.088
120 | 12.00 | 12.00 0.00 | 2.27 | 2.03 | +0.24 | 0.318 | 0.282 | +0.036
D.E. 247 38 | 12.17 | 12.17 0.00 | 6.25 | 6.07 [ +0.18 [ 0.466 | 0.410 | +0.056
99 12.09 | 12.09 0.00 | 8.27 9.24 | —0.97 | 0.445 | 0.562 | —0.117
147 12.83 | 12.83 0.00 | 7.87 8.78 | —0.91 | 0.484 | 0.664 | —0.180
D.E. 248 43 10.48 | 10.66 | —1.71 | 4.07 3.68 | +0.39 | 0.390 | 0.310 [ +0.080
110 10.74 | 10.74 0.00 | 2.52 2.34 | +0.18 | 0.326 | 0.298 | +0.028
320* | 11.66 | 11.66 0.00 | 4.20 3.24 | +0.96 | 0.410 | 0.330 | +0.080
28 9.32 | 9.32 0.00 | 2.60 | 2.37 | +0.23 | 0.290 | 0.264 | +0.026
31 9.23 932 | -0.98 | 221 | 2.18 | +0.03 | 0.306 | 0.264 | +0.042
43 9.23 9.23 0.00 | 215 2.23 | —0.08 | 0.290 0.274 +0.016
D.E. 250 30 939 | 948 | -095| 466 | 3.56 | +1.10 | 0.314 | 0.258 | +0.056
57 9.63 | 9.70 [ -0.73 | 3.78 | 3.14 | +0.64 | 0.290 | 0.258 | +0.032
60 9.78 9.78 0.00 | 3.28 2.97 | -0.31 | 0.322 | 0.294 | +0.028
DE.251 | 21 | 9851009 | -244 | 466 | 4.10 | +0.56 | 0.458 | 0.378 | +0.080
91 10.68 | 10.82 | —0.14 | 2.72 2.61 | +0.11 | 0.306 | 0.322 | +0.016
102 | 10.57 | 10.65 | —0.76 | 2.73 | 3.37 | —0.64 | 0.322 | 0.370 | —0.048
182* 9.93 | 10.01 | —0.81 | 3.10 2.83 [ +0.27 | . . “ i
Average | o | e [ 0.45 | 3.86 3.68 [ +0.18 | 0.423 | 0.376 | +0.047
Lactating cows fed red-fish oil
D.E. 251 51 9.40 943 | -0.32 | 1.85 1.83 | +0.02 [ 0.501 | 0.501 0.000
71 10.17 | 10.17 0.00 | 1.75 2.38 | —0.63 | 0.593 | 0.536 |.+0.057
228 10.01 | 10.01 0.00 | 1.97 3.93 | —1.96 | 0.450 | 0.560 | —0.110
D.E. 250 43 [ 1049 | 10491 0.00 | 3.74 | 3.75 | —0.01 | 0.676 | 0.596 | +0.080
76 10.49 | 10.49 0.00 | 2.07 2.31 | —0.24 | 0.556 | 0.466 | +0.090
85 10.49 + 10.49 0.00 | 2.18 2.19 | —0.01 | 0.516 | 0.460 | +0.056
DE.250 | 57 |10.49 | 10.33 [ +1.53 | 1.69 | 1.69 | 0.00 | 0.373 | 0.298 | +0.075
77 | 10.49 | 10.41 | +0.76 | 1.56 | 1.54 | +0.02 | 0.298 | 0.280 | +0.018
Average | ..o | o Y 0.31 | 2.10 2.45 | —0.35 | 0.495 0.462 | + 0.033
Lactating cow fasted 40 hours
D.E. 273 40 10.74 | 10.65 | —0.84 | 3.77 3.67 | +0.10 | 0.370 | 0.306 | —0.064
55 10.49 | 10.49 0.0 | 3.33 3.36 | —0.03 | 0.374 | 0.317 | —0.057
58 10.49 | 10.49 0.00 | 3.49 3.26 | +0.23 | 0.374 | 0.354 | —0.020
Average | . | o | 0.28 | 3.53 | 3.43 | +0.10 | 0.372 | 0.326 | —0.047
Nonlactating-nonpregnant cow
D.E. 272 50 12,71 | 12.92' | —1.65 | 2.76 | 3.20 | —0.44 | 0.342 | 0.426 | —0.084
53 "] 12.71 | 12.711 0.00 | 2.33 | 2.75 | —0.42 | 0.371 | 0.442 | —0.071
58 12.38 | 12.38 0.00 | 2.54 270 021 | s | s
Average | ... | o | i 0.55 | 2.54 2.90 | —0.36 | 0.357 | 0.434 | —0.078

* Conscious but not reactive to needle.
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Arteriovenous Studies on Acetone Bodies on Cows
Before and After Feeding Fish Oil

Because the active mammary gland was found to utilize blood 3-hydroxy-
butyric acid and not acetoacetic acid (25) the former substance appeared to
be a possible precursor of the lower fatty acids of milk fat. Initial trials,
which were made before the influence of the concentration of [-hydroxy-
butyrie acid on its utilization was understood (23), appeared to confirm
these suspicions. To avoid any possible misintrepretations due to the in-* -
dividuality of the animal, arteriovenous determinations were made on the
total blood acetone bodies before and after the feeding of cod-liver oil. The

TABLE 4

Arterial and mammary venous blood acetone bodies on nonanesthetized cows
before and after feeding cod-liver oil

Per cent Acetone bodies (as acetone)
Cow No. hemoglobin
difference Arterial Venous l Difference
Normal ecows
myg. % myg. % mg. %
0.83 2.93 2.01 +0.92
1.32 1.83 1.14 +0.79
0.00 3.13 2.31 +0.82
0.89 245 1.40 +1.05
0.76 2.59 1.72 +0.90
Cod-liver-oil-fed cows

0.00 * 2.88 1.64 Co+1.24
0.00 6.29 4.04 +2.25
0.00 - 7.60 . 535 +2.25
-0.68 7.75 543 +2.32
-5.75 2.27 1.33 -0.94
-1.44 3.06 2.29 +0.77
+1.44 2.29 1.22 +1.07
1.33 4.59 3.04 . 4155

cows were not anesthetized, as previous work had shown that excitation did
not exert any significant influence on the arteriovenous difference (25).
The data presented in table 4 do not indicate that the utilization of B-hy-
droxybutyric acid by the lactating mammary gland is altered by the feeding
of cod-liver oil. Although the mean arteriovenous difference is greater in
the cows fed cod-liver oil, this difference is undoubtedly dye to a higher than
normal concentration of acetone bodies in the arterial blood of three of the
cows sinee the utilization is known to be greater at higher than normal con-
centrations (23, 30). '

Arteriovenous Studies on Amino Acids on Anesthetized
Cows Before and After Feeding Red-fish Oil

The utilization of amino acids by the gland of the normal cow (4, 12, 27),
the formation of urea (10), together with the presence of arginase in the
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gland (26), and the lack of utilization of amino acids reported for the fasted
cow (21, 31), suggested that the free blood amino acids should be given con-
sideration as possible precursors of the lower fatty acids. Calculations on
the basis of the caleium and amino acid uptake by the gland and the total
calcium and lower fatty acids in milk had shown that the lower fatty acids
could be accounted for by the amount of free amino acids taken up by the

gland (31).
TABLE 5

Arterial and mammary venous blood amino acids on a nonlactating cow and on
lactating cows before and after feeding red-fish oil.

Per cent Amino acids
Cow No. hemoglobin
difference Arterial l Venous Difference

Normal cows

mg. % mg. % mg. %

DB 1250 s i -0.95 5.86 5.19 +0.67
-0.73 5.38 5.05 +0.33

0.00 5.22 4.66, +0.56

D.E. 251 .. -2.44 6.17 5.71 +0.46
—1.31 5.65 5.32 +0.33

-0.76 5.77 5.40 +0.37

-0.81 5.50 4.95 +0.55

AVOrage s -1.00 5.65 5.18 +0.47

Red-fish-oil-fed cows

D.E. 250 .. 0.00 5.64 5.19 +0.45

0.00 5.64 5.31 +0.33

*0.00 5.58 5.12 +0.46

5 0 2151 T ———— -0.32 5.59 5.29 +0.30

i 0.00 5.58 5.09 +0.49

0.00 5.54 5.33 +0.21

AVerage .. -0.05 5.60 5.22 +0.37
a s Nonlactating-nonpregnant cow

DE. 272 oo -1.65 5.67 5.72 -0.05

0.00 5.67 5.72 -0.05

' 0.00 5.56 5.56 0.00

AVerage ...oe | 5.63 5.67 0.03

Accordingly a series of amino acid determinations were made on the
arterial and mammary venous bloods of cows before and afteér the per cent
of milk fat had been depressed by the feeding of red-fish oil.

These animals were anesthetized because studies on substances known to
be affected by excitation were also being made. As noted in table 5, the
feeding of red-fish oil did not materially alter the utilization of amino acids
by the active mammary gland, the mean arteriovenous difference before and
after feeding fish oil being 0.47 mg. per cent and 0.37 mg. per cent, respec-
tively. The decrease in the lower fatty acids effected by feeding fish oil
cannot, therefore, be considered as due to a failure of the gland to take up
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amino acids from the blood. Three arteriovenous values obtained on a dry
cow provide agood check on the technique and demon trate that the inactive
gland does not take up blood amino acids.

ARTERIOVENOI'S HEMOGLOBIN DIFFERE CES

It was first shown by haw and Pet r' u (2 ) that marked agitation re-
sulted in large changes in the concentration of the blood traversing the
mammary gland.  uch differences did 110t oeeur in the nonexcited cow and
therefore the arteriovenous hemoglobin difference. could be used a a crite-
rion of the degree of excitation provoked in the animal. Bloods drawn from
cows under anesthesia should provide an excellent opportunity to study this
matter further. With moderate anesthesia the arteriovenous differences in
hemoglobin might be expected to resemble those of the nonexcited, nonanes-
thetized animal. Arterial and mammary venou hemoglobin values are pre-
sented in table 3 in some detail. 1t will be observed that out of a total of 42
arteriovenous hemoglobin determination ' all but five exhibited less than 1.0
per cent hemoglobin difference and in 30 of the 42 experiments the difference
was not over 0.5 percent. Further, in all five of the experiments exhibiting
over 1.0 pcr cellt hemoglobin difference the bloods were the first of a series
of samples in which )10ne of th later sample' exhibited this degree of
change. In the e five cases the animals had either been under anesthesia
but a short time 01' the I'espiration had been teady for but a short period.
The average arteriovenou. hemoglobin difference for the 42 experiments was
0.40 per cent. Thi compares favorably with the average of 0.64 reported
by Shaw and Petersen (2 ) on llonexcited cow and may be constrasted with
the much larger hemoglobin per cent difference of 5.70 observed on excited
cows (28).

DISCUSSION

The failure of the respiratory quotients of the mammary gland of -cows
fed fish oilsto parall el that reported for fasted cows lea\'es the interpretation
of the low respiratory quoti lit of the latter in doubt. One fact which has
troubled the writer for some time is that there is a considerable quantity of
the lower fatty aeids being . ynthesized after several day of fa ling and yet
the quotient is apparently below unity. |If the respiratory quotient of the
gLand can be u.ed afely as all indication of the type of metabolism taking
place in the gland, it must meau that considerable oxidation of fat is taking
place in the fasted cow. If B-hydroxybutyrice acid is oxidized in the gland
lor energy purposes, as appears to be the case, it would help to account for
a quotient below unity in the fasted cow. However, the complete oxidation
of this substance would re ult in a quotient of 0.89 and but very little syn-
thesi of fat from carbohydrate would be needed to el evate the quotient to
unity or above. Thereport that everal days of fasting are required to pro-
duce a quotient below. u.nity (20) is aso not in accord with the suggestion
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that the low quotient demonstrates that the lower fatty acids are synthesized
from carbohydrate, as the major decrease in these acids occurs within 24
to 48 hours (15) of fasting. However, the data on the fasted cow are very
limited and further speculation is probably unwarranted until more infor-
mation is obtained on both fasted and fisheoil-fed animals.

The low respiratory quotient of the inactive mammary gland is also
difficult to evaluate. If it were due to the oxidation of fat it would appear
that the gland of the nonlactating cow should utilize the readily oxidizable
B-hydroxybutrie acid. Such does not appear to be the case, however (25).
It is significant that the low quotients on the mammary gland have been
reported only in those cases in which the gland has been relatively inactive,
as in the case of the gland of the nonlactating cow and the cow fasted for
several days. In the latter case milk production drops to a very low level
within a matter of two to three days. A possible explanation is that the
lymph of the inactive gland may be carrying away a larger proportionate
amount of carbon dioxide resulting in an apparent rather than a real res-
piratory quotient below unity. This would also explain the failure to ob-
tain consistently low values on the glands of cows in which the lower acids
have been depressed by the feeding of fish oil, as milk production is not
materially affected by the feeding of these oils.

The nonutilization of amino acids reported for the active gland of the
fasted animal may also be due to the precipitous drop in milk secretion in
which the usual functions of these acids may be amply provided for by
amino acids taken up by the gland as protein. At least the apparent normal
utilization of blood amino acids by the active gland of the fish-oil-fed cow
does not suggest any relationship between the amino acid utilization and the
lower fatty acids.

The failure of cod-liver oil to effect a decrease in the utilization of
acetone bodies by the gland, together with the finding that the fasted-ketotic
cow exhibits an increased utilization of [-hydroxybutyrie acid with asde-
crease in the lower fatty acids of milk fat, appears to rule out the possibility
of B-hydroxybutyrie acid acting as a precursor of the lower acids and favors
our alternative suggestion that this substance is used by the gland for energy
purposes (25).

An increase of over 100 per cent occurs in the utilization of 3-hydroxy-
butyric acid by the gland in ketonemia (23, 30) and since it appears to be
utilized for energy purposes offers some excellent possibilities in studying
the energy metabolism of the gland. The fact that practically all of the
oxidation by the gland in ketonemia (23, 30) can be accounted for by the up-
take of B-hydroxybutyrie acid indicates that a shift must take place from the
oxidation of both (-hydroxybutyrie acid and other substances to the sole
oxidation of fB-hydroxybutyric acid. This assumes that f3-hydroxybutyric
acid is used for energy purposes, an assumption that appears valid on the
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"basis of our present knowledge of the metabolism of this substance. Infor-
mation as to the substances involved in such a shift would be invaluable to
a more complete understanding of the metabolism of the gland. The possi-
bility that one of the substances may be fatty acids other than [(-hydroxy-
butyric acid should be explored*further even though the short-chain fatty
acids of nonfasted ketotic cows did not appear to be appreciably low (31).

The data on lactic acid values of cows under anesthesia amply confirm
our previous observations that the arteriovenous change in the concentration
of this substance is insignificant in nonexcited cows (19). The mean arterio-
venous difference in these studies of +0.18 mg. per cent is in sharp contrast
with the earlier reports by Graham (8) and Shaw, Boyd and Petersen (24)
of a mean utilization of 16.70 and 3.64 mg. per cent, respectively, on goats
and cows, but is in substantial agreement with the arteriovenous value of
+0.52 mg. per cent reported by Powell and Shaw (19) for unagitated cows,
a value shown to be statistically insignificant.

The relatively insignificant arteriovenous difference in pyruvic acid of
+0.047 mg. per cent obtained from 26 experiments on lactating cows under
anesthesia was somewhat surprising in view of the utilization of this sub-
stance found by Knodt and Petersen (16) in incubated tissue. However, it
does demonstrate that blood pyruvie acid does not play a significant réle in
the metabolism of the gland of the cow under normal conditions. '

The lactic acid and pyruvic acid values obtained on fasted, nonlactating,
and fish-oil-fed cows do not show any significant difference from the normal
cows. The relatively low mean arterial value of 3.86 mg. per cent lactic
acid on normal cows under anesthesia is considerably less than the value of
7.29 mg. per cent found on nonexcited, nonanesthetized cows (19) and sug-
gests that even in those cases in which the cow does not exhibit excitation
there is significant disturbance to effect an increase in blood lactic acid.

There is some reason to believe that a rather close relationship exists
between rumen digestion and the synthesis of the lower fatty acids of milk
fat. Tt is entirely possible that some of the effects of fasting and fish oils
on the synthesis of milk fat are related to an alteration in rumen digestion.
It appeared probable that some of the end products of bacterial fermenta-
tion would contribute to the concentration of certain blood substances, in
which case any marked change in rumen digestion might be expected to
result in a change in the level of such substances in the blood. Two such
are lactic acid and pyruvic acid. Fasting did not appear to influence the
blood concentration of either substance. Also, the feeding of red-fish oil
did not appear to influence the blood pyruvic acid. However, the values
for blood lactic acid are consistently lower for the cows on red-fish oil than
for the normal cows, the arterial concentration being 2.10 mg. per cent as
tompared to 3.86 mg. per cent for cows fed a normal diet. However, more
data are needed to establish the validity of this observation. Certainly the
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feeding of cod-liver oil did not decrease the blood acetone bodies ; substances
for which unpublished work in this laboratory has indicated rumen pre-
cursors.

The mean difference in blood hemoglobin concentration of 0.40 per cent
on 42 anesthetized cows is in sharp contrast with the value of 5.70 per cent
obtained by Shaw and Petersen (28) on 23 excited cows and in substantial
agreement with the value of 0.64 on nonexcited cows. As would be expected,
the arteriovenous changes on anesthetized animals show greater uniformity.

The question may be raised as to whether nembutal anesthesia interferes
with milk secretion. Reineke et al. (20) concluded that milk secretion was
not diminished by nembutal. The following data were obtained on three
cows which had been under nembutal anesthesia for one to two hours and in
which the animals recovered sufficiently to be milked at the usual time.

/ - d
D.E. 251, D.E. 250, D.E. 249,
tbs. milk tbs. milk bs. milk

Day before anesthesia  A.M. 10.3 13.4 62
P.M. 9.2 9.7 44
Day of anesthesia AN 11.6 13.7 6.4
P.M. 8.5 8.9 4.4
Day after anesthesia AXM. 10.0 13.0 6.1
P.M. 9.9 8.5 4.3

There was very little diminution in the rate of milk secretion in these experi-
ments. In each case the cow was put under anesthesia after the morning
milking. As the cows were fed lightly on the morning of the experiment,
some decrease might have been expected the following day. More conclu-
sive information could have been obtained by the use of oxytocin injections
at short intervals, but the data do indicate that no large decrease occurred
in tilk production.
SUMMARY AND CONCLUSIONS

1. The respiratory quotient of the active mammary glands of both normal
and fish-oil-fed cows under nembutal anesthesia exceeded unity with mean
values of 1.27 and 1.31 respectively. In experiments with nonanesthetized
cows in which the. per cent of fat and the low fatty acids of milk fat had
been depressed by feeding fish oil, the respiratory quotient exceeded unity
in 9 of the 15 experiments with a mean quotient of 1.16. On the basis of
these data the suggestion that a metabolie relatlonshlp exists between the
respiratory quotient of the gland and the synthesis of the lower fatty acids
of milk is still in doubt.

2. Numerous experiments on cows under anesthesia confirm the earlier
report (19) that the mammary gland does not utilize a significant amount
of blood lactic acid. The mean arteriovenous value for 22 experiments was
+0.18 mg. per cent.

3. The mean arteriovenous difference for pyruvic acid in 26 experiments
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was + 0.047. Consequently, blood pyruvie acid appears to be of little sig-
nificance in the metabolism of the active mamary gland.

4. The arteriovenous differences of lactic acid and pyruvie acid were
not altered significantly on fish-oil-fed, fasted, or nonlactating cows from
that observed on normal lactating cows.

5. Neither the utilization of amino acids nor acetone bodies were altered
significantly by depressing the per cent of milk fat and the lower fatty acids
by feeding fish oils. -

6. Arteriovenous hemoglobin studies on anesthetized cows confirm
earlier observations that little or no arteriovenous change occurs in unag-
itated cows. The per cent hemoglobin difference for 42 experiments on
anesthetized cows was 0.40 and exceeded one per cent in only 5 cases.
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EFFECT OF WARM WEATHER ON GRAZING PERFORMANCE
OF MILKING COWS

D. M. SEATH aAxp G. D. MILLER
Dairy Research Department, Louisiana Agricultural Experiment Station

Grazing habits of dairy cattle are of direct concern to dairymen when-
ever they help explain inecreases or decreases in milk production. Published
reports on activities of dairy cattle while on pasture are relatively few and
none has been found that reported the effect that changes in atmospheric
tempergtures have on grazing habits. Hodgson (3) in 1933 reported that
dairy cows at Puyallup, Washington, spent from 6% to 7 daylight hours
grazing under-a rotational pasture system and from 7 to 74 hours on a con-
tinuous grazing plan. No records were kept of their grazing habits at night.

A more detailed study by Atkeson, Shaw, and Cave (1) showed that
Kansas milking cows during 11.7 daylight hours grazed 5.6 hours while on
good pasture ; 6.5 hours on fair pasture; and 7.3 hours on poor pasture. The
cows lay down an average of four times on good pasture and only two times
on fair or poor pasture. Records taken on 56 dry cows and heifers while
on excellent Balbo rye pasture day and night during April showed an aver-
age of 7 hours grazing ; 4 hours standing or walking; and 13 hours lying
down. During the 14-hour daylight period the animals grazed 40 per cent
of the time; while only 16 per cent of the 10-hour night period was spent
grazing. They lay down 35 per cent of the daylight period and 80 per cent
of the night. Grazing seemed to be spaced into four primary periods.

Records on beef cattle (4) taken in New York during July, August, and
September averaged 7 hours and 32 minutes of grazing time during the
24 hours of the day. Of this, 4 hours and 23 minutes took place between
7 A.M. and 7 Py, and 3 hours and 9 minutes between 7 P.M. and 7 A.M.

The present study, while similar in some respects to those reviewed, had’
two primary objectives: First, to determine changes in body temperature
and pulse and respiration rates of cows on pasture during relatively warm
days and second, how the warm weather affected the grazing habits of milk-
ing cows.

EXPERIMENTAL

During a period of three days, September 4, 7, and 8,1945, observations
were made on 6 milking cows, 3 Jerseys and 3 Holsteins, in an effort to deter-
mine changes in their body temperatures, pulse rates, and respiration rates
during the daytime and while they were on pasture. Rectal temperatures,
pulse counts from coccygeal arteries of the tail, and respiration counts from
flank movements were made during five periods of the day, i.e., just before
cows entered pasture at 5: 45 A.M.; when they entered shade (averaged 9:20
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A.M.) ; one hour after entering shade; at 2:00 r.M.; and at 3:00 p.m. The .
5:45 A.M. observation was taken in the barn immediately after the morning
milking ; while the 3:00 p.M. reading was made after cows were put into the
barn prior to feeding, washing, and the evening milking. All other obser-
vations took place in the pasture. This was made possible by using cows
relatively tame and by tying them with halters during the time observations
were made.

Observations relative to grazing performance during five 24-hour periods
constituted the second phase of the experiment. The same six milking cows,
with the exception of one substitute Holstein cow, were used. Observations
were made on September 10 to 14, inclusive. The days selected provéd to be
fortunate choices, for average daily air temperatures in the shade (table 2)
varied from 72° to 86° F. during the daytime and from 62° to 81° F. for
the nights. These wide variations made it possible to observe changes in
grazing habits caused by air-temperature changes.

By the use of a sling psychrometer wet- and dry-bulb, atmospheric tem-
perature determinations were made throughout the period of the experiment.
This was done in order to determine ¢changes in atmospherie temperature and
humidity from day to day and during the course of each day.

Cows on the experiment had access to relatively good permanent pasture,
which consisted largely of grasses—Bermuda, Dallis and carpet. The pas-
ture contained numerous large trees which furnished shade utilized by the
cows during the hot, sunshiny portions of the days.

RESULTS .
1. Daytime Changes in Body Temperatures and Respiration

Indications of how cows react to changes in atmospheric temperatures
- during the daytime were secured from recorded changes in their body tem-
perature and respiration and pulse rates during three days on pasture. In
general, these echanges showed increases (table 1) averaging for the day
1.8° F. in body temperature, 16 in respirations per minute, and only 1 in
pulse rate per minute. The latter change was not significant.

TABLE 1
Reaction of milking cows to daytime changes in atmospheric temperatures
Period " Time of Air Relative Body Resp. Pulse
SO day temp. | humidity temp. rate rate
°F., %% L &2 per min. | per min.
In milking barn . . 5: 45 AM. 73.0 89.3 101.7 63 66
Cows enter shade ... 9: 20 AM.* 80.0 81.3 102.4 64 67
1 hour in shade . 10: 20 AM. 83.1 743 102.6 71 66
R T 2: 00 P.M. 86.7 73.0 . 103.3 78 68
In milking barn ... 3: 00 P.M. 86.0 65.3 103.5 79 67

* The time that cows entered shade varied from 8: 35 to 10: 15 A.M. with an average
of 9: 20 A
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During the day atmospheric temperatures increased from an average of
73° F. when cows left the barn at 5:45 A.m. to 86.7° F. at 2:00 p.M., with
* the reading slightly lower, 86° F., at 3:00 p.M. when cows were put into the
barn prior to the evening milking. During this same period the relative
humidity had shown a progressive drop from 89.3 per cent to 65.3 per cent.

Between 5:45 A.M. and the time that cows entered shade (average time
9:20 A.M.) air temperatures increased from 73° to 80° F., while relative
humidity dropped from 89.3 to 81.3 per cent. Body temperatures of the
cows had increased during that time from 101.7° to 102.4° F., but the
inerease in respiration rate was negligible, from 63 to 64 per minute.

After one hour in the shade with an inerease from 80° to 83.1° F. in air
temperatures and a decrease from 81.3 to 74.3 per cent in humidity, the cows
were apparently unable to eliminate heat fast enough to prevent further
changes in their temperature and respiration. As a result, body tempera-
tures increased to 102:6° F'. and respiration to 71 per minute. At 2:00 p.M.

«this upward trend continued, for air temperatures had then reached 86.7° F.
and the cows averaged 103.3° F'. in body temperature and 78.2 in respiration
rate. After cows entered milking barn at 3:00 p.M. the only significant
further change was in body temperatures, which then averaged 103.5° F.,
the highest recorded for the day.

II. Grazing Performance During 24-Hour Periods

During five 24-hour days, September 10 to 14, 1945, the six cows were
constantly observed while on pasture. For the purpose of this experiment
the cows’ day (24-hour period) was considered as beginning when they
entered pasture following the morning milking. During these days atmos-
pheric temperatures were recorded at intervals, i.e., 8:30 A.n., 11:30 A1,
2:30 p.M, 6:30 P.M., 12:30 A, and 3:30 A.M. These readings (table 2) -
show some striking variations within each 24-hour period as well as between
periods.

In general, the temperatures for the first two days averaged relatively
high during the daytime, 86° F. and 85° F., while for the third day they
averaged slightly lower, 82° F. The last two days were much cooler, the
temperature averaging 72° F. for each. The averages for night tempera-
tures are much in the same order, with the exeeption of that for day num-
ber 2 which was lower than day number 3, due to the cooling effects of a
shower at around 5: 00 p.M. -

The first two days of observation on grazing (table 3) gave results which
appear to be representative of how milking cows perform on pasture during
relatively warm weather. The daytime period consisted of that portion of
the day between the time cows entered pasture in the morning (7:15 A.m.)
and the time they left in the afternoon (2:35 p.M.). During this daytime
period the cows grazed only 1.9 hours the first day and even less, 1.8 hours,
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TABLE 2
Daily changes in atmospheric temperatures
24-hour periods (days)
Time of day
1 2 3 4 5 Average
°F. R, °F. o 5 oF. * P,
Day
8230 A 80 79 75 70 65 74
11: 30 A, . - 87 88 83 72 75 81
2: 30 P s 90 88 87 75 77 83
Average ... . 86 85 82 72 72 79
Night
6: 30 P.M. : 87 72 73 71 73 75
12: 30 A, .. 78 72 72. 58 - 58 68
3:30 AM. 78 70 73 56 55 66
Average .. 81 71 73 62 62 , 10

the second day. As contrasted to this, time spent not grazing (mostly in
shade) was 5.7 hours for the first day and 5.5 hours the second day. The
daytime atmospheric temperatures averaged 86° and 85° F., respectively,
* for the two days. :

The night totals for grazing of 6.5 and 6.2 hours for these first two nights
revealed one of the unexpected findings from this study. Grazing at night
for these warm days thus equaled more than three times that for the daytime.

For the third day the grazing record showed an intermediate status.
Daytime grazing increased approximately 1 hour, to a total of 2.8 hours,
while grazing at night fell off 1.1 hours.

The fourth and fifth days gave some striking evidence of how cooler
weather affects grazing habits. Daytime grazing increased to 4.5 hours for
each of these two days, or 2.4 times the average for the first two (warm)
days. Night grazing decreased to 4.7 and 5.0 hours, respectively, for the
last two days. In spite of this decrease the total grazing during 24 hours

TABLE 3
Grazing and air-temperature relationships (average of 6 cows for daytime and night)
Average air ~ Hours spent grazing or not grazing
*
24 hour temperatures Hours Daytime Night - Daily totals
: in
Not Not Not
Day- | pasture | Graz- | Graz. | Graz- i
time Night ing gx ing 8;:; ing g::g’
days °F. ap.
1 86 81 17.2 1.9 57 6.5 3.1 8.4 8.8
2 85 71 17.3 18 5.5 6.2 3.8 8.0 9.3
3 82 73 17.2 2.8 44 5.1 4.9 7.9 9.3
4 72 62 16.9 4.5 2.7 4.7 5.0 9.2 7.7
5 72 62 16.8 4.5 2.8 5.0 4.5 9.5 7.3

* Air temperature readings are averages of those taken at 8: 30, 11: 30, and 2: 30
during the daytime and 6: 30, 12: 30, and 3: 30 during the night.
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for these cooler days showed 9.2 hours and 9.5 hours, or more than 1 hour’
longer than for the first three days.

The number of grazing periods each cow had for day and night is shown
for each of the five days in table 4. 'While variations existed, in general,
it can be seen that one grazing period during the day was most common, and

"the average was 1.4. At night three periods were most often spent grazing

and the average was 2.7.
TABLE 4

Number grazing periods during day and night (summary of five .
24-hour periods for 6 cows)

Daytime Night .
24-hour . Daily
periods Cow number Aver: Cow number Aver. | aver-

age age | 28

1|2|3|4]5]|6|[28]|1]|2|3|]4]5]6]| 28
days .

1 2 2 1 3 2 2 20 |3 2 3 2 3 3 2.7 4.7

2 111 1 1 1 1 10 | 3 3 2 3 3 3 2.8 3.8

3 1 /2 |11 |1 |1 1.2 |3 |4 |2 |2 |3 |38 28 | 4.0

4 2 1 2 1 2 2 1.7 | 3 3 3 3 2 2 2.7 4.4

- 8 2 1 1 1 2 1 13 | 2 2 2 3 2 1 2.3 3.6
Aver-

age 16| 14| 12¢14| 16| 14| 14 | 28| 28|24|26|26| 24| 2.7 4.1

In each case the cows had their longest grazing periods immediately after
being turned into pasture following milking. In thé daytime the early
morning grazing was the only period that cows grazed a sufficiently long
time to make a major contribution. Whenever a cow grazed a second or
third time during the daytime, it was for only a short time and usually dur-
ing either a cloudy period or in some spot shaded by trees.

Night grazing started off in all cases by the long first period, averaging
3.1 hours. Following this the cows spent an average of 1.2 hours lying
down, standing, chewing cud, ete., prior to the second grazing period. With
the exception of one cow during one night, they then all grazed for a second
period, averaging 1.4 hours. When the first two grazing periods were long,
the cows sometimes omitted further grazing. However, the records showed
that for an average of three of the five nights the six cows grazed during
a third period averaging 1.5 hours. One cow during one night had a fourth
grazing period of 3 minutes. While much variation occurred between cows
and for different nights, the first grazing periods began at 5:45 p.M: on the
average; the second around 10:30 p.M.; and the third, when it occurred,
started at approximately midnight. Cows were taken to the milking barn
at 3: 30 A.M.; otherwise, there may have been more third and fourth grazing
periods.

On an average, the cows spent 4.2 hours not grazing during the night.
Variations among the six cows (table 5) ranged from 3.5 to 4.9 hours. Time
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TABLE 5
Nongrazing record during night (average of 5 nights)

Cow No. Lying-down Standing Total
hours hours hours

1 2.8 15 - 4.3

2 3.0 0.8 3.8

3 44 0.3 4.7

4 3.1 0.4 35

5 41 0.8 4.9
Average 3.5 0.7 4.2

spent lying down ranged (between cows) from 2.8 to 4.4 hours and averaged
3.5 hours. Standing time not grazing ranged from 0.3 hours to 1.5 hours,
with an average of 0.7 hours.

DISCUSSION

Results secured from this study should have general application to much
of the United States, inasmuch as daytime atmospheric temperatures during
the course of the experiments were not extremely high or extremely low,
varying from 65° to 90° F. These findings, which show to what extent cows
became uncomfortable while grazing in the sunshine and how that tended
to shorten their grazing period, suggest a need for improvements in summer
management of dairy cattle.

Cows observed in this study entered shade on relatively warm days when
their body temperatilres averaged 102.4° F. This was an increase of 0.7° F.
over their near-normal temperature (2) of 101.7° F. when they were turned
to'pasture at 5:45 a.Mm. Respirations per minute during this same period
had increased from 63 to 71. Pulse-rate observations showed practically no
change during this period. It seems obvious that shade tended to make the
cows more comfortable even though further increases in body temperature
and respiration rates were observed as the day progressed up until 3: 00 p.M.
During this same period atmospheric temperatures also increased.

Daytime grazing during the two warm days under observation was sur-
prisingly short (1.9 and 1.8 hours). Cows took shelter under trees at
around 9:00 A.M. and refused in most cases to venture forth into the sun-
shine in order to graze, but instead waited until night when they grazed for
periods exceeding the daytime periods by a ratio of more than 3 to 1. Two
cool days, averaging 72° F., which was 14° and 13° F. lower, respectively,
than the two warmer days, caused a significant change in the grazing
schedule. Daytime grazing increased around 2.5 times and night grazing
decreased some, yet the 24-hour totals showed increases in grazing time due
" to cool weather of more than 1 hour daily.

The increased activity of cows on nights following warm days indicates
the importance of allowing cows access to good night pasture. The plan of
leaving cows overnight in a dry lot or on poor pasture so that they will be
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convenient to the barn in the morning is most certainly a poor management
practice. The daytime grazing data for warm days show that cows should

_ be turned into the very best pasture during the forenoon if they are to be-

come filled before the heat of the day forces them to seek shade. In faect,
if it is a choice between a fair and an excellent pasture, it would seem best
to use the excellent pasture during the day and use the fair pasture at night
when cows will spend more time grazing to get their fill. The short daytime
grazing period indicates a need for experimental work to test how best to
furnish cows supplemental feed during their long period in the shade. Like-
wise, tests are needed on what practical methods can be used to maintain
lower body temperatures and respiration rates during the times cows are
in the shade.
SUMMARY

Observations on 3 Jersey and 3 Holstein milking cows during the summer
of 1945 at Baton Rouge, Louisiana, gave the following results:

1. Cows showed a progressive rise in body temperature throughout the
day. When they left the milking barn at 5:45 A.M. it averaged 101.7° F.;
upon entering the shade of trees at 9: 20 A.x. it was 102.4° K. ; after a period
of one hour in the shade, 102.6° F.; at 2:00 p.M., 103.3° F.; and upon enter-
ing milking barn at 3:00 p.M. it was highest, 103.5° F. During these same
respective periods respiration rates were 63, 64, 71, 78, and 79 per minute,
Atmospheric temperatures during these periods increased from 73.0° F. at
5:45 A.M. to a high of 86.7° F. at 2:00 p.M.

2. Observations of 24-hour grazing periods showed that during two rela-
tively warm days cows grazed less than two hours, 1.9 and 1.8 hours during
daytime (between A.M. and p.M. milking periods) but grazed three times as
much, 5.7 and 5.5 hours, at night (between p.M. and A.M. milking). Data
on two cool days showed daytime grazing 2.4 times as great as for warm
days, and 24-hour grazing totals more than one hour longer than for warm
days.

3. The number of grazing periods averaged 1.4 for daytime and 2.7 for
night. Cows seldom had but one important grazing period during the day-
time. Three grazing periods were the most common at night and the time
spent grazing averaged 5.5 hours, while 3.5 hours were spent lying down and
0.7 hours standing without grazing.

4. Results of the study suggest the need for good pasture at night and,
especially on warm days, an excellent daytime pasture. There appears to
be a need for experimental trials to test the best method of providing supple-
mental feed to cows during their long periods in shade during warm summer

.days, and to determine the best methods for making them more comfortable

during this same period.
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THE OXYGEN CONTENT OF THE ATMOSPHERE IN CONTAINERS
OF DRIED MILK PACKED IN NITROGEN
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Research Administration, U. 8. Department of Agriculture

Previously: reported experimental data indicate that the rate of autoxi-
dation of milk fat varies directly with the oxygen concentration (4) and that
the keeping quality of dried milks is increased greatly by reducing the
oxygen concentration of the container atmosphere to 3 per cent or less (2,
4). A concentration of 3 per cent of oxygen in a container of dried milk is
equivalent to 0.0324 ml. per gram of powder, or 0.125 ml. per gram of fat,
or 11.5 per cent of the volume of the fat.

Lea, Moran, and Smith (3) studied the keeping quality of dried milks
packed in atmospheres of 0.01, 0.02, 0.03, and 0.04 ml. of oxygen per gram
of product or approximately 1.0, 2.0, 3.0, and 4.0 per cent of oxygen in the
atmosphere of the container and concluded that oxygen concentrations be-
low 2 per cent in the containers can be considered good and those below 1
per cent ideal for commercial packing. These concentrations of oxygen in
the atmosphere of the container of dried milk ate approximately 7.66 and 3.83
per cent, respectively, of the volume of the fat, which is greatly in excess of
‘that necessary to render the fat tallowy (approx. 0.80 per cent by volume)
if all of the oxygen reacted with the fat(4). However, as pointed out by
Lea, Moran, and Smith (3), and also as we observed in our studies, the skim
milk solids absorb oxygen and hence the actual percentage of oxygen in the
container which will cause spoilage through autoxidation of the fat will be
greater than the value indicated unless the fat is of such inferior quality
that absorption of oxygen by it begins immediately or shortly after packing
of the dried milk. The actual percentage of oxygen in the container which
will cause spoilage through autoxidation should be expected to vary some-
what, therefore, with the quality of the milk and the processing treatment
used in the manufacture of the product. In a sample used in our studies
on the relationship of percentage of oxygen to keeping quality, the value
seemed to be approximately 1.33 per cent (4).

Theoretically, evacuation to approximately 109, 72, and 36 mm. pressure
should produce concentrations of oxygen of 3, 2, and 1 per cent respectively
in the gases of the container. Evacuation to 10 and 5 mm. pressure should
produce oxygen concentrations of approximately 0.28 and 0.14 per cent
respectively.

Pressure used (mm.)

Pér cent oxygen (volume) = 760

x 20.9
L]
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Thus, so far as the oxygen in the atmosphere of the container is concerned,
it can be reduced readily to a low value. However, dried milks which have
been subjected to.evacuation contain sorbed gases which desorb slowly and
diffuse into the inert gas and thus increase the oxygen content of the con-
tainer atmosphere. .

The rate of desorption has been studied by Lea, Moran, and Smith (3)
and by Coulter and Jenness (1). Results obtained by them indicate that
an equilibrium was reached in practically 5 to 7 days, though in some cases
the oxygen concentration increased slightly with storage beyond these time
periods. )

With the use of two cycles of evacuation for 5 min. at 2 mm. pressure
and an intervening storage period of at least 5 days, Lea, Moran and Smith
(3) found that final oxygen concentrations of less than 2.0 per cent could be
obtained. Similar results were obtained by Coulter and Jenness (1) with
the use of a pressure of 1 and of 10 mm. and a 7-day intervening period of
holding. The latter authors found also that the degree of percentage oxy-
gen reduction varied somewhat with the two commercial samples used.

Experiments of this nature and similar in many respects to those of Lea,
Moran, and Smith (3) and of Coulter and Jenness (1) have been carried on
in these laboratories for the past two years, the specific aim being to deter-
mine the percentage oxygen concentration attainable in the atmosphere of
containers of dried milk under varied conditions of pressure, temperature,
holding time, and with different periods of storage.

EXPERIMENTAL

Single stage packing. Cans of 160 ml. capacity were packed with 86
grams of dried milk, sealed, tested for leaks, a hole of ¥ inch diameter was
punched in the cover of each can, and the cans were placed in a large desic-
cator which served as an evacuation chamber.

The desiceator was then evacuated at different degrees of pressure for
various lengths of time and at different temperatures, and subsequently
filled with nitrogen. The cans were removed from the desiccator, solder-
sealed and stored at room temperatures. At regular intervals the percent-
age oxygen concentration of the container gases was determined. The re-
sults upon a representa_tive sample of commercial dried milk are shown in
figure 1.

The results emphasize the importance of evacuation at relatively low
pressures and agree with the conclusions from former experiments that in-
creases in the time of evacuation from 3 to 30 minutes and inerease in the
temperature of evacuation decrease-relatively slightly the sorbed gases in
dried milk. '

This is indicated more specifically by the values in table 1 obtained after
8 days of storage of the packed samples.
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F16. 1. The per cent oxygen in the atmosphere of containers of whole milk powder.
which had been evacuated under varied conditions of time, pressure and temperature, and
stored for different periods of time.

Multiple-stage packing. The efficiency of oxygen removal by successive
evacuations with intervening periods of 3 and 4 days to allow for desorp-
tion and diffusion is indicated in figures 2 and 3.

The relative efficiency of successive stages of evacuation and desorption
_ is shown in figure 4, wherein are plotted the percentage oxygen concentra-
tion values after 3 and 4 days following each evacuation, as given in figure 3.
The relatively high efficiency of a second evacuation over subsequent evacu-
ations in lowering the final oxygen concentration of the containers is clearly
indicated.

As indicated in figure 3, after 4 evacuations the final percentage oxygen
in the container gas increased but slightly over that attained after the third

TABLE 1

The per cent oxygen in the atmosphere of containers of whole milk powder which had
been evacuated under varied conditions of time, pressure and temperature

i Per cent oxygen in the head space
Pressure Time Temperature
Before storage After 8 days
mm. Min. °C.

48 © 10 30 3.8 5.8

23 10 30, 2.1 4.0

3 3 30 0.5 2.3

3 10 30 0.3 2.6

3 30 30 0.45 1.8

3 10 20 0.14 2.1

3 10 40 0.08 2.1
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Fi1c. 3. The per cent oxygen in the atmosphere of containers of whole milk powder
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Fi1e. 4. The per cent oxygen in the atmosphere of dried whole milk containers after
3 or 4 days storage following each successive evacuation.
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stage in 3 days of holding. Since, according to the data in figures 1 and 2,
equilibrium of the gases is not reached in 3 or 4 days and since some of the
sorbed gases are removed during each evacuation, the values given are not
absolute but are those which can be attained under the conditions stated.
The percentage oxygen in the container would no doubt increase somewhat
more if the holding periods were longer, since, as indicated in the results
obtained in these laboratories, some oxygen can be removed from dried milk
with a Toepler pump at 70° C. after the rate of desorption becomes practic-
ally zero. If equilibrium had been attained after each evacuation, the per-
centage oxygen removed with each evacuation would have been constant
and the rate of decrease of the final oxygen content in the containers would
have been logarithmic. Under the experimental conditions used, this rate
of decrease was not obtained.

SUMMARY

The results confirm those previously obtained by direet measurement of
the amounts and composition of the container gases, with respect to the
relative importance of time, temperature, and degree of evacuation in redue-
ing the oxygen concentration of the container gases. That the amounts of
adsorbed gases do not decrease to a great extent with increases in the value
of these factors within practical limits is also indicated by the desorption
values obtained. If equilibrium had been attained in each case, the rate of
decrease of the final oxygen content in the containers should have been of a
logarithmic nature, since the percentage oxygen removed in each evacuation
is a constant. However, the rate obtained practically is not of a logarithmic
nature, due presumably to the fact that the values for the per cent oxygen
in the container atmospheres are not equilibrium values.

The relatively high efficiency of a second evacuation stage in decreasing
the per cent oxygen content of the container gases is indicated. However,
the rate of desorption seems to vary with different dried milks; hence, the
efficiency of gasing procedures should be established for the product con-
cerned in each case.

In our experience the use of two stages of evacuation at 8 mm. pressure
with a 3- to 4-day intervening holding period will produce a final oxygen
concentration in the container of approximately 1 per cent. Inecreasing the
duration of the holding period will reduce further the final oxygen concen-
tration.
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FACTORS WHICH CONTRIBUTE TO THE PHYSICAL
STABILITY OF FROZEN CREAM

R. W. BELL axp C. F. SANDERS*

Division of Dairy Research Laboratories, Bureau of Dairy Industry, Agricultural
Research Administration, U. 8. Department of Agriculture

Differences in milk, especially in the size and number of the fat globules,
and changes in the temperature of the milk and ecream, greatly influence the
stability of the cream emulsion after freezing and brief storage as shown
in an earlier publication (2).

Nine grams of cream frozen in a Babeock eream test bottle was the experi-
mental unit, the freezing time was 30 to 40 minutes, the temperature of
storage was — 15° C. and the duration of storage was less than 48 hours.

In the work which now will be deseribed, about 150 ml. or one-third of
a pint of cream in a small can was the experimental unit and the storage
period was from less than two days to several months. Data were obtained
on the influence of various factors, not only upon the stability of the emul-
sion, but also upon the body of the eream.

Canned cream was frozen in air at —17° C., and in ethyl aleohol at
~17° C. and - 29° C. Solid carbon dioxide was used to maintain the alecohol
baths at —17° C. and —29° C. and to agitate them during freezing of the
cream. Under these conditions a sample became solid in 4 hours, 50 min-
utes, and 25 minutes, respectively. Cans were stored in air at —9° C. and
- 17° C. and in aleohol at —29° C.

The emulsion stability of each sample was obtained by weighing 9 grams
of the frozen cream into a funnel placed in a cream test bottle, washing the
cream into the bottle with lukewarm water and proceeding as described by
Bell and Sanders (2). Baldwin (1) according to Trelogan and Combs (5)
secured results indicating that cream containing more than 30 per cent
butterfat tended to freeze homogeneously and such cream could be aceu-
rately analyzed for fat by taking a sample from any part of the unfrozen or
frozen portion.

Viscosity measurements were made with a MacMichael viscosimeter.
Each sample was prepared for this measunrement by leaving the opened can
at room temperature for 2 hours, stirring the cold cream, placing the ean in
water at about 32° C., and warming the cream with oceasional moderate
agitation to 30° C. in the course of 30 to 45 minutes.

Forty per cent cream was used in most of the experiments. All eream
was pasteurized by heating to 80° C. and cooling promptly to not lower than
30° C. .

Received for publication December 17, 1945.

* Deceased October 19, 1945,

213



214 " R. W. BELL AND C. F. SANDERS

EXPERIMENTAL RESULTS

Quick-freezing versus slow-freezing and variations in storage tempera-
ture with cream from cooled herd milk. The milk was a mixture of that
obtained from Holstein, Jersey, and a few other cows of the Bureau of Dairy
Industry herd at Beltsville, Maryland. It contained 4.2 per cent fat and
was considered fairly representative in composition of herd milk that is
delivered to factories in this country.

This morning milk was cooled to 10° C. and delivered to the Bureau's
research laboratories in Washington, D. C., where it was warmed to 38° C.,
separated and the cream standardized to 40 per cent fat content with the
warm skim milk. The raw cream was pasteurized, cooled to 30° C. and
placed in the small cans. The freezing conditions were (1) overnight in
air at - 17° C., (2) 2 hours in alcohol at — 17° C. and (3) 1 hour in aleohol
at —29° C. The storage temperatures for the samples frozen under each of
these 3 conditions were - 9° C., -17° C. and —29° C,

Representative samples were removed from storage and inspected on the
second day after the cream was frozen.

Only those samples which had been frozen quickly at — 17° and —29° C.
and stored at the latter temperature were unchanged in appearance after
thawing. At this time and at later dates covering a period of over 3 months,
samples prepared and stored under these conditions thawed into fluid
homogeneous creams. Their initial emulsion stabilities, expressed as the
percentage of the total fat which oiled off after centrifuging, were 45 and 20.
During the next 3 months these figures increased to 60 and 40 per cent,
respectively.

The initial viscosity values at 30° C. of these 2 satisfactory samples were
24 and 20 centipoises.

~The other 7 samples thawed into semisolids which, after stirring, were
flaky or coarse in texture and oiled off from 70 to 100 per cent. Samples of
these creams which were examined during the next 3 months had similar
body properties.

Cooled milk of relatively high fat content is not, in our experience, a
good source of cream that is to be preserved by freezing and cold storage.
Therefore, the milks in the following experiments were obtained from Hol-
stein cows. If the differences for low fat milk which are shown in the fig-
ures had been obtained and plotted for creams from high fat milk, they
would have been of greater magnitude, not as easy to present and less relia-
ble because of the inferior body of some of the samples.

Cooled versus warmed low-fat milk. This morning milk was obtained
from Holstein cows which were known to give milk of low fat content. It
contained 3.1 per cent. Half of it was cooled to 10° C. and half was warmed
to 43° C. before it was sent to the laboratory. Each half was separated at
38° (. and the cream standardized to 40 per cent with the skim milk. After



PHYSICAL STABILITY OF FROZEN CREAM 215

pasteurization in the usual manner, cans of each warm cream were frozen in
alcohol at —17° C. and at —29° C. with the aid of solid carbon dioxide and
stored at these temperatures.

Figure 1 shows the viscosity and emulsion stability values of these thawed
samples over a period of 22 weeks,
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Fi16. 1. Viscosity and oiling off values of 40 per cent cream from 3.1 per cent milk,
part of which was cooled to 10° C. and part warmed to 43° C.. “C’’ refers fo cooled milk
cream and ‘‘W?’’ to warmed milk cream. Solid lines represent ereams quick-frozen and
stored at — 29° C.; broken lines refer to creams quick-frozen and stored at —17° C.

The samples from cooled milk that were frozen in less than an hour in
aleohol at - 17° C. and held at - 17° C. thawed into coarse and milky creams;
those from warmed milk were more homogeneous but not of good body. In
contrast the samples frozen quickly at — 29° C. and stored at — 29° C. thawed
into fluid and homogenous creams. Samples derived from the cooled milk
thawed at a slower rate and into slightly more viscous samples than did those
from the warmed milk. Oiling off values are more reliable than are those



216 R. W. BELL AND C. F. SANDERS

for viscosity, especially in instances in which the cream did not become
homogeneous on thawing and stirring.

Uncooled versus cooled cream. This 40 per cent cream was a mixture of
that obtained from warmed morning Holstein milk of 3.4 per cent fat con-
tent and from Holstein milk separated the day before and cooled to 10° C.
for preservation. The latter was warmed to 30° C. before it was mixed with
the fresh cream.
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F16. 2. Viscosity and oiling off values of 40 per cent cream, part of which was
canned while still warm (30° C.) and part tempered to 10° C. over a surface cooler prior
to canning. Solid lines represent samples quick-frozen and stored at - 29° C., broken lines
refer to creams quick-frozen and stored at —17° C.

Part of the eream was eanned while still warm ; the remainder was chilled
over a tubular surface cooler to 10° C. and then canned. Samples were
frozen in aleohol at — 17° and at —29° C. Those samples which were frozen
at — 17° C. were stored at that temperature; those at —29° C. were stored
at-29° C.

Viscosity and oiling off values are shown in figure 2.

On the initial inspection, the 2 samples that had been stored at —17° C.
were coarser and more viscous than the 2 that had been stored at —29° C.
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They had a body resembling that of cultured butter-milk. The same was
true but to a lesser degree of the 2 samples that were chilled over a surface
cooler relative to the 2 that were not cooled before they were canned.

The samples frozen and stored at —29° C. were superior in body and
emulsion stability to those frozen at —17° C. and stored at that temperature.
As between the 2 frozen and stored at —29°, the one which had been tem-
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F16. 3. Viscosity and oiling off values of creams of 40, 30 and 20 per cent fat
content prepared from warmed Holstein milk. The cream was not cooled but was pack-
aged while warm. It was quick-frozen and stored at —17° C. (broken lines) and at
—29° C. (solid lines).

pered to 30° thawed sooner and more completely into a fluid than did the
one that was cooled to 10° prior to canning and freezing. However, each
was a homogeneous, satisfactory eream.

Viscosity values for the samples frozen at —17° C. are not as reliable as
those for the other samples because of partial separation of a discontinuous
phase.
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Creams of 40, 30 and 20 per cent fat content. Holstein milk containing
3.7 per cent fat was warmed to 43° C. and delivered to the Research Labora-
tories within 8 hours of milking. Its 40 per cent raw cream was divided into
3 parts. One was diluted with the fresh skim milk to 30 per cent fat content,
another to 20 per cent and the 3 creams pasteurized and cooled to 30° C.

The samples were frozen quickly. Half of them were stored at —17° C.
and half at —29° C.

Viscosity and oiling off values are presented in figure 3.

Samples stored at —17° C. thawed at room temperature within 2 to 3
hours into fluid, homogeneous creams. Those stored at —29° C. thawed into
fluids somewhat sooner. The superiority of the latter samples was evident
after the various samples had been in a 10° C. room overnight. They re-
mained homogeneous whereas there was an upper layer and a milky lower
portion in the others.

Before thawing, the 20 per cent and 30 per cent creams were not as
attractive as those which contained 40 per cent fat. They were coarse and
more icy and, of course, on thawing they were less viscous or creamy.

The data show that the creams of 20, 30 and 40 per cent fat content were
preserved equally well at —29° C. when advantage was taken of factors
which contributed to the preservation of the physical stability of the freshly
drawn milk and the cream.

DISCUSSION

Oiling off following freezing of cream is the result of coalescence of fat
globules. According to Sommer (4): ’

Freezing tends to break the fat emulsion especially in a produet rich in fat such as
the high fat cream used for frozen storage. The destabilization of the protein adsorption
film may be involved, but the main factor appears to be the physical erowding of the fat
globules as water is converted into ice. If the ice crystals are large in relation to the
size of the fat globules, then there will be a large number of globules crowded together
between adjacent ice erystals, the globules are inevitably deformed, fat to fat contact is
likely to occur, and on later melting the fat naturally flows together to form a single
large oil droplet.

It follows, therefore, that if cream is to be preserved unchanged in a
frozen state it should be prepared and stored under conditions which will
minimize the tendency of the fat globules to coalesce. Ideal freezing condi-
tions would convert cream into a glass so quickly that all particles would be
fixed in position. In thawing, the reverse would be ideal and after thawing
orientation of all particles would be the same as it was before the cream was
frozen. On the one hand heat would leave the liquid quickly and uniformly
and the liquid would change into a homogeneous solid, and on the other,
heat would return at a rapid and constant rate throughout the mass and
reconvert the mass into a homogeneous liquid.
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Thus the importance of the degree of dispersion of fat globules just prior
to freezing cream becomes obvious. If the fat is already clumped, advan-
tages of quick freezing will be only partially realized.

It has been shown (2) that 40 per cent cream from Holstein milk oils off
after freezing less than does 40 per cent cream from Jersey milk, that the
cream should be derived from milk that has not been cooled and the fresh
cream should be warm at the start of the freezing operation. Such cream is
fluid rather than viscous. Its fat globules have not been permitted to be-
come semisolid and to clump. This is the reverse of the way to make cream
appear rich and of heavy body. Viscous, thick cream is made by starting
with milk in which the fat globules are large, and by causing the globules
to form aggregates through cooling and holding of the milk and of the cream
(8). This is not to say that high viscosity in cream is due to fat elump-
ing only. Other concurrent changes contribute to the increased internal
friction.

Whenever a sample thawed into a semisolid or viscous cream which did
not have a good body, a large proportion of its fat oiled off. Whenever a
sample thawed into a fluid, it had a low viscosity and oiled off only a little.

The data indicate that quickly frozen cream which does not oil off, is
homogeneous, and has a low viscosity after brief storage, will retain its
physical properties throughout a long storage period if a sufficiently low
temperature is maintained.

Neither this paper nor the preceding one describes how to increase the
resistance of a freshly separated cream to the disruptive forces of freezing
and thawing. They do indicate, however, the importance of certain proper- .
ties of the fresh milk and how to preserve them for the purpose of making
a stable frozen cream. ,

CONCLUSIONS

Factors which contribute to the physical stability of frozen cream are:

(1) The use of freshly drawn milk which contains small, unclumped fat
golbules.

(2) Maintenance of these globules in a fluid, completely dispersed state
until freezing time. : '

(8) Quick freezing to retain this degree of dispersion.

(4) A storage temperature sufficiently low to prevent the physical
changes which cause localized crowding, distortion and disruption of the
fat globules and consequent oiling off on thawing.

Frozen cream which is prepared and maintained under these conditions
will have a stable emulsion and & good body when thawed after several
months storage.
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THE EFFECT OF MILK PRODUCTS ON THE HEAT-STABILITY
) AND VISCOSITY OF CREAM-STYLE FOODS

B. H. WEBB anD C. ¥, HUFNAGEL
Division of Dairy Research Laboratories, Bureauw of Dairy Industry, Agricultural
Research Administration, U. S. Department of Agriculture

Milk and cream are sometimes used in canned foods to improve flavor,
body and nutritive value. Typical of these heat-processed foods are the
cream soups. Other products such as canned white sauce and creamed
vegetables have not been produced commercially on a large scale.

This investigation is concerned with the effect of variations in the compo-
sition and processing of simple eream-style mixtures upon their heat stabili-
ties and viscosities. A better understanding of the behavior of milk con-
stituents in the cream-style foods may assist in improving them and in
extending the use of milk products to new canned foods. The ingredients
of the sterilized milk foods which affect their heat stability and viscosity are
the fat and protein of the milk, the starch of flour added as a thickener and
binder, the salt and the type of vegetable or flavoring material which is used.

EXPERIMENTAL

Milk solids were largely derived from pure butter oil and specially dried
samples of skim milk. These products provided a source of supply of milk
constituents which did not change during the work. The conditions of
manufacture and the heat stability of the dried skim milks are given in
table 1.

Each starch-milk-salt mixture was heated with stirring to 176° F. (80°
C.), canned and sterilized at 239° F. (115° C.) for the time specified, unless
otherwise indicated. The canned samples were cooled, held overnight at
86° F. (30° C.), and observations on body and viscosity made the next
morning.

Heat-stability data were obtained by heating the fluid products in small
tins (208 x 208) in a pilot evaporated-milk sterilizer with the reel revolving
at' 4 r.pm. The temperature of heating was 239° F. (115° C.) and the
results were expressed as the time in minutes to develop a visible coagulation.
The experimental error for this determination was = 3 per cent of the values
reported. Samples for viscosity determinations were sterilized in the same
way. The sterilizer reel was kept in motion during processing unless other-
wise indicated.

Viscosity was measured at 86° F. (30° C.) by means of a McMichael
viscosimeter with standardized wires. Measurements were made in a uni-
form manner and without excessive agitation. The results were expressed
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TABLE 1

The effect of the pre-drying heat-treatment of skim milk on the heat-stability
of its dried and reconstituted product

Pre-drying treatment Heat-stability
: : at 239° F.
Sample By Forewarming (115° C.)
No. g ore Condensed bct;ncen rate of powder
condensing to T.S. efore drying veconstitited
Temp. Time Temp. Time t0 9% solids
°F. min. oF, min. min.
Spray 1 . 149 20 36 122 0 134
Spray 2 . 203 10 36 122 0 89
Spray 3 . 182 30 36 182 10 127
Spray 4 149 20 27 122 0 387
Spray 5 149 20 27 203 10 30
Roller 6 .. 149 20 27 122 0 0
Roller 7 .. 150 30 27 122 0 0

Samples 1, 2, 3, and 6 were from one batch of skim milk, samples 4 and 5 were from
a second and sample 7 from a third lot of milk. Powders 1 %o 5 were spray dried under
normal operating conditions on a 9-foot Gray-Jensen unit. Samples 6 and 7 were drum
dried on a laboratory size atmospheric double roll drier.

in centipoises but the values were not absolute. Plastic effects which were
not measured were observed in most of the samples. The viscosity figures
were a good indication of the “body ‘“‘apparent’’ viscosity of the
mixtures.
The quinhydrone electrode was used in the measurement of hydrogen-ion
concentration.
RESULTS

The effect of starch and salt upon the heat-stability of the milk in a
simple fat-free mix is shown in table 2.

Short patent and standard patent flours obtained from the states of
Minnesota, Kansas, Texas and Washington, were tested in mixtures of 2 per
cent flour and 8 per cent skim milk solids. The heat stability of the 8 per
cent solids control milk at 239° F. (115° C.) was 235 minutes, whereas the
samples containing flour coagulated in 54 to 77 minutes. .Differences in the
lowering of heat stability by the eight samples of flour thus tested were not
very important.

TABLE 2

E’ﬁ’ect of corn starch (#1) and salt upon the heat-stability of a reconstituted
dried skim milk (milk $£1)

Sample No. Composition of mixture g?;%t;t?glll;ycag
1 Milk sohds Loncentratlon—Q% 134
2 gt —4% 285
3 4% M.S.N.F. +29% corn starch 241
4 Gl +4% NaCl . 129
29%, corn starch
5 ‘¢ ¢ { 3% NaCl 24
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ity of some fat-free mixtures. Arrows indicate first visible casein coagulation.

The effect of different thickening agents upon the viscosity and heat-stabil-

Each

mixture contains 2% starch or 24% flour, $% salt and 4% solids derived from dry skim

milk #1 (table 1).

A comparison of the effect of different starches and a sample of hard
wheat, short patent flour upon the heat-stability and viscosity of some simple

skim milk mixtures is presented in fig. 1.
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the body-forming properties of creamed bases.

coagulation.
starch #1 (fig. 1) were used.

The effect of increasing quantities of milk-solids-not-fat (M.S.N.F.) upon

Arrows indicate first visible casein

No arrow indicates absence of coagulation.

Skim milk #1 (table 1) and
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Figures 2 to 6 show the differences in kind and in quantity of the vari-
ous components upon the heat-stability and viscosity of some basic mixtures.
The data of figures 4, 5, and 6 were from mixes which contained fat and
these were homogenized. The effect of different homogenization and sterili-
zation procedures is shown in figures 5 and 6.

Data on the effect of different vegetable extracts upon the heat-stability
of skim milk are given in table 3. Clear extracts were prepared by cooking
the vegetable with an equal weight of water and filtering the mixture.

TABLE 3

The effect of the addition of different vegetable extracts
upon the heat-stadbility of skim milk

Reaction Heat-stability
Vegetable extract* Aqueous Milk-iuice at
egtract mixtleref 239°F. (115° C.)
pH pH minutes
No extract (equal parts of milk :
and ‘Water) ccoswssssaee | 000 s 6.63 269

Stabilizing extracts:

Cauliflower s 6.04 6.59 448

Corn 7.38 6.73 518

Mushroom ... 6.20 6.49 > 550

Potato 6.08 6.62 435

Spinach .. 6.21 6.90 > 550
Destabilizing extracts:

Cabbage ...sumsmno s 5.55 6.48 193

Celery 5.50 6.48 131

Onion 5.08 6.40 25

Pea 6.25 6.48 189

TOMALO oot 4.48 6.18 0
Extracts with little effect:

ASPATAZUS oo 6.00 6.60 290

Beet 5.43 6.52 317

CATTOE i 5.18 6.49 279

Turnip 5.37 6.40 276

* The extract was obtained by cooking together equal weights of vegetable and water
and filtering the mixture.

t This was a milk-juice mixture which contained equal weights of fresh skim milk
and vegetable extraet.

Tomato was found to destabilize the milk more than any other vegetable,
because of its high acid content. Filtered tomato serum at pH 4.25 lowered
the heat-stability of dilute skim milk with which it was mixed unless the
serum was neutralized to a reaction above pH 5.7 to 5.9. The extent of
neutralization of the tomato serum which was necessary to prevent it from
affecting heat stability was dependent upon the concentrations of serum and
skim milk and of the natural characteristics of the milk.

The presence of an inert phase produced a slight lowering in heat-sta-
bility as indicated by the data of table 4. Inert material such as tomato
pulp or ground filter paper caused a fractional coagulation of the milk ecasein
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during sterilization of the mixtures. The progressive increase in the coagu-
lum with inereases in heating time made difficult any precise determination
of heat stability.

The manufacture of cream-style soups was studied. Satisfactory for-
mulas included 3 per cent to 4 per cent milk-solids-not-fat, 2 per cent to
4 per cent milk fat, 2 per cent to 3 per cent corn starch or flour, about 1 per
cent salt and the remainder vegetable extract, vegetable pulp and soup stock.
Homogenization of the basic mix, previously freed of large pieces of pulp
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Fi6. 3. The effect of the heat-treatment of skim milk before concentrating and
before drying upon its heat-stability and viscosity-forming properties in creamed bases.
Arrows indicate first visible casein coagulation. Milk #4 did not coagulate during the
sterilization treatment. Each base contains 29 corn starch, 3% salt and 4% mnon-fat
milk solids. The numbers on each curve refer to the manufacturing data for that milk
given in table 1.

or other material which could not be homogenized, was conducive to the
production of a smooth body. The mix containing the starch was heated
to a temperature not above 113° F. (45° C.) before homogenization. The
canned soup was heated to at least 240° F. for 60 minutes, the exact condi-
tions depending upon the material in the can.

Whey protein was substituted for casein containing milk produets in
those instances in which coagulation was a problem. The whey protein,
after coagulation, remained softer and more finely dispersed than did casein.
‘Whey protein was generally added to the mix as whey cream containing
about 12 per cent fat. This cream was separated from fresh sweet cheese
whey. Cream sauce suitable for the preparation of creamed peas, mush-
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F1e. 4. The effect of increasing quantities of milk-solids-not-fat (M.S.N.F.) upon
the viscosity of creamed bases sterilized for different periods of time. The complete
mixes were heated to 149° F. and homogenized at 2500 pounds pressure before the usual
heating to 176° F. and canning. All mixes coagulated during the first few minutes of
sterilization. Mixes containing 4% M.S.N.F. were very badly coagulated, hence the
broken line indicating the approximate location of this curve. Skim milk #1 (table 1)
and corn starch #1 (figz. 1) were used. Each mix contained 4% butteroil, 2% starch
and 1% salt in addition to the skim milk.

rooms or similar products contained 8 per cent to 12 per cent fat derived
from whey cream, 3 per cent to 5 per cent starch or flour and 1 per cent
salt. The sauce with the whole or chopped vegetables could be sterilized
at 240° F. for as long as 90 minutes without serious damage to the body of
the product. This sauce was homogeneous and in good condition after one
year storage at room temperature. Plain, condensed, or dried sweet cheese

TABLE 4

The effect of the addition of an inert phase upon the heat-stability of skim milk.
Fresh skim milk was diluted with an aqueous suspension of the
inert phase. The final concentrations were milk
solids not fat, 6%, and inert phase 1%

s Heat-stability of milk
Inert phase added to milk at 2395 F.
None—control . 193
Tomato pulp, centrifugally separated, washed and ad-
justed to same reaction as milk 160
Filter paper, ground in 959% aleohol for 35 hours in a ball
mill, filtered, washed, boiled in water, added to milk ... 152
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whey was found to be an excellent source of non-fat whey solids for canned
food products.

A plain but heavy-bodied white sauce was made which withstood storage
at room temperature for several years with little change. This preparation
contained 94 per cent whole milk by weight, 5 per cent flour, and 1 per cent
salt. The mix was heated to 185° F. (85° C.) with constant stirring, canned
and sterilized at 239° F. for 25 minutes. A gel structure was built up by
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F16. 5. The effect of agitation during sterilization upon the viscosity of creamed
mixes made from different samples of dried skim milk. The complete mixes were heated
to 149° F. and homogenized at 2500 pounds pressure before the usual heating to 176° F.
and canning. The solid lines indicate samples sterilized without agitation, while the
samples represented by the broken lines were sterilized with the real running at 4 r.p.m.
The number on each curve refers to the milk of table 1 which was used in the mix. The
casein of all mixes was coagulated before the 10-minute sterilization period was reached.
Each mix contained: dry skim milk—3%, butteroil—3%, corn starch #1—2%, salt—1%.

the casein and the flour. The sterilization period was not long enough to
allow the casein to gather into aggregates and expel whey.

DISCUSSION

Dried milk and dried whey of various types were used in the manufac-
ture of eream soups and similar foods. Preliminary experiments showed
that the heat stability of spray-dried milk was not significantly changed by
the drying process. But the heat-treatment previous to spraying largely
determined the heat-stability of the powder. High-temperature forewarm-
ing was found by Webb and Holm (3) to increase the heat-stability of milk
only when it was concentrated after forewarming to a solids-not-fat content
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greater than 12 per cent. The skim milks of table 1 which received the most
drastic heating were the least stable when reconstituted to 9 per cent solids.
Fresh milk, cream and whey or the concentrated forms of these produects
were well adapted to use in cream-style foods. Their heat-stabilities were
governed by processing steps commonly employed in the concentrated milk
industry. However, the heat-stability characteristics of a milk produect were
important only in the simpler mixtures. Coagulation was unavoidable in
eream soups and other products which contained destabilizing ingredients.
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F16. 6. The effect of homogenization at different temperatures upon the viscosity
of creamed mixtures. Each mix except the one represented by the broken line was
heated to the temperature designated on the curve and homogenized at 2500 pounds
pressure. The starch and salt of the mix indicated by the broken line were added after
homogenization. Before canning, all mixes were heated to 176° F. The sterilizer reel
was held still during sterilization, Visible curd formed in all samples during the first
10 minutes of sterilization. The composition of the mixes was: dried skim milk (#1,
table 1)—3%, butteroil—3%, corn starch (#1, fig. 1)—2%, salt—1%.

The problem was generally one of controlling the kind of curd which formed
rather than in preventing its formation.

A processing temperature of 239° F."(115° C.) was used. Substantially
the same results in terms of heat-stability and body development were ob-
tained at 239° F. as were found in half the holding time at 250° F. (121.1°
C). Temperatures higher than 239° F. were sometimes used for bacterio-
logical reasons. For information on processing requirements for non-acid
foods, reference may be made to the work of the National Canners Associ-
ation (2).
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In the preparation of the mixes it was found necessary to heat them to
at least 176° F. (80° C.) with stirring before putting them into cans. This
allowed the starch to swell and become evenly distributed in the mix and
made a more homogeneous product. However, homogenization of the swollen
starch granules caused severe destabilization of the casein during steriliza-
tion. For this reason the mixture containing starch was best homogenized
at about 113° F. (45° C.). When a higher pre-homogenization tempera-
ture was used, the starch was added after homogenization.

Homogenization was useful in reducing the size of the fat globules and
of the particles of fiber and pulp in the mix. The resulting improvement
in the dispersion of the inert components of the product assisted in the
development of a smooth body. The casein, when provided with innumera-
ble nuclei, including those furnished by the starch binder, coagulated in a
finely divided condition. The presence of a well-dispersed, inert material
lowered heat-stability, but the formation of a uniformly smooth coagulum
was ample compensation for this added instability.

Viscosity development in milk-starch-salt mixtures followed a pattern
similar to that shown by evaporated milk during sterilization (1). Maxi-
mum thickening occurred at the coagulation point or shortly thereafter.
Ideal conditions were reached when the heat stability of the product was
equal to the heating time required to sterilize it. But the destabilizing
nature of the ingredients of cream-style foods caused coagulation early in
the sterilization period. When the sterilization process was continued be-
yond the thickening phase, moisture was expressed by the casein. A watery
and lumpy body was produced by this moisture, and by the tendency of the
casein to gather into firm aggregates. This condition was avoided by the
use of a starch or flour binder, which was responsible, with the casein, for
building body. The binder took up the moisture expressed by the casein
as coagulation proceeded. The quantity of binder needed was dependent
upon the percentage of casein present, the extent of its coagulation, and the
amount of other water-holding constituents in the mix. Approximately 1
part by weight, of starch or flour binder was used for 2 parts of milk-solids-
not-fat, but this ratio varied between 1:1.3 and 1:3.0.

SUMMARY

1. The use of milk products and their relation to the problems of coagu-
lation and viscosity development in canned, sterilized cream-style foods
including cream soups and sauces were studied. Milk constituents con-
tributed to the flavor and nutritive value of the produects and increased their
viseosity. ‘

2. The ingredients used in sterilized milk foods caused rapid coagulation
of the milk protein in these mixtures. Factors which contributed to the
production of a smooth, heavy-bodied product were: use of optimum quanti-
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ties of starch and flour binders to take up moisture expressed by the casein,
comminution of inert pulp and fibrous material by homogenization, steriliza-
tion with a minimum of agitation during the period when a coagulum was
forming, maintaining maximum heat stability characteristics in the milk
ingredients and substitution of whey protein for milk protein when coagu-
lation of the casein in a product was excessive.
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CONTROLLED EXPERIMENTS ON THE VALUE OF
SUPPLEMENTARY VITAMINS FOR YOUNG
DAIRY CALVES

C. L. NORTON, H. D. EATON, J. K. LOOSLI, axp A, A, SPIELMAN
Department of Animal Husbandry, Cornell University

.

Feeding of supplementary vitamins to young calves has recently at-
tracted considerable attention. Since the publications on this subject by
the Wisconsin workers (1, 2), some commercial concerns have sold vitamin
preparations as a panacea for many types of calf losses. The true value,
however, of extra vitamins to the young calf when added to a normal diet
needed further study. Therefore, a series of experiments was begun early
in 1942 to test the possible value of supplementary vitamins for very young
calves under conditions in New York State.

EXPERIMENTAL

All calves in these experiments were allowed to remain with their dams
for at least 24 hours and were fed their dams’ milk for approximately 5 days
after birth. This procedure insured an initial fill of colostrum, which has
been shown by many workers to be beneficial in the early nutrition of the
calf (4). Each calf was kept in a separate pen and was fed individually.
Each calf was fed a limited amount of whole milk, according to the Cornell
dry calf-starter system (5), and was weaned after receiving 350 pounds of
milk over a period of 7 or 10 weeks depending upon the breed. Ayrshires
and Holsteins were weaned at 7 weeks of age ; Guernseys and Jerseys, at 10
weeks of age. "Dry calf-starter and hay were supplied the calves at approxi-
mately 2 weeks of age. No skim milk whatever was fed.

Ezperiment 1

In March, 1942, a preliminary trial was conducted with 5 Holstein heifer
calves. Calves exhibiting varying degrees of scours were fed a gelatin cap-
sule 3 times weekly. Each capsule contained the following vitamins : 48,000
U.S.P. units of vitamin A in oil, 1,000 units of vitamin D (irradiated yeast),
2.33 mg. of thiamin chloride, 2.33 mg. of riboflavin, 11.66 mg. of calcium
pantothenate, 11.66 mg. of choline chloride, and 23.33 mg. of niacin.

Feeding the capsules produced no noticeable curative effect. The loose
condition seemed to run a normal course before improvement occurred.
There were no control calves in this preliminary study.

A more extensive controlled experiment with 18 purebred heifer calves
was started in April, 1942. In one group of 9 calves, each calf received a
gelatin capsule containing the above-listed vitamins at birth and three times

Received for publication January 3, 1946. '

231



*019A0Q = -+ ‘OJBIIPOIN = ++ ‘PIUN =+ 'SIN0S ON =~

C. L. NORTON, ET AL.

232

— e S S—_—
m-SH Q.Qﬂ ................... T - AaﬁEO—h MO gv BM@LD><
- - - - + + - ect 144 a¥/01/ Losrop GRFI
- - - + + - - 15 cg ¥/ 18/¥ Kosaap 18¥PL
- - - - e - + 931 o¥ e¥/9/¥ Loszop LLvt
- - - - - + - $92 26 av/1/8 uIs[O LOST
- - - - - - - 6¥3 £6 H/1/L u)S[0F gt
"(o8w jo sfep g ju parp) smode oy [ [ v f SH/L1/S UIS[OF
- - - - + - - 2 19 g¥/31/L Koswaonp 10ST
- - - - - - - 261 06 2¥/03/L oarysady 90ST
e N - + - - oLT 80 2%/03/% aargsly 6L¥1
Juowaddns urmeja oN
¥¥O1 [Bwaouw jo 95 8B urenH
L30T 6'66 (rewaou yo %) ofeiday
- - - - + - - 9¥1T oF a¥/ST/L Loszop FOST
- - - - - - - [ 26 a¥/92/9 urS0H 16¥1
- - - - 4 - - 013 88 S¥/18/¥% ur)S[OH 08¥L
- - - - - + - 8¥1 cg 3¥/31/L Losuwzony 00ST
- - - - + ++ - 89L 0L F/¥1/C Losuaony 98FL
(93w 3o sLep ¢ J¥ PIIP) SIN0IR ON s o ¥/ 03/ % Losuwtons) 8LFL
- - - - + ot - ¥61 08 3H/¥1/L ormsiy 3081
- - - - 4+ R - SIG ¥8 3r/08/9 anysaly 6871
- - - - +H+ ++ + 381 89 aF/01/¢ arysady 20
surwejia Livjuoworddng
#qQp $q1
| ¢ ol s] s | ¢ | 52|« 340oM 9T Wt i .
81n028 JO £)LI9A08 pue 30 03T posag IIWON
22U01ING00 0} (S¥09%) OFE JO WOFB[Y W3pa Lpog
bl SAN008 \0 auwnvavn PUD FOUILINODO Y] UO PUD .290.—& Jo 2304 2y} wo swwDIR 5.5323:3&&:& J0 149 ay g
1 474V



CONTROLLED EXPERIMENTS AND SUPPLEMENTARY VITAMINS 233

a week thereafter until one month of age. A second group, serving as con-
trols, was given the same care and management, but received no supple-
mentary vitamins. Careful daily observations were made of the incidence
and severity of scours and of the rate of recovery. Most of the calves re-
ceived a dry calf-starter containing no animal protein, and were fed a
second cutting Ladino clover hay of excellent quality. These results are
shown in table 1.

One calf in each group died from unknown causes. Neither of these
calves showed any indication of having scours. There was no evidence
(table 1) that feeding supplementary vitamins at this level had any bene-
ficial effect on the health of the experimental calves. The frequency of
occurrence, severity, or duration of a scouring condition appeared to be un-
affected by the addition of extra vitamins to the normal diet. Most of the
cases of scours were treated by the administration of either sulfathiazole,
sulfanilamide, or sulfapyridine. No severe cases of scours were encoun-
tered.

Up to 16 weeks of age, there was little difference in the rate of growth
between the two groups of calves (table 1). The calves receiving supple-
mentary vitamins had an average birth weight of 99.9 per cent of Ragsdale’s
normal (3) and showed an average gain from birth to 16 weeks of age of
104.4 per cent of normal. The control calves at birth averaged 98.8 per cent
of normal weight and had an average gain up to 16 weeks of age that was
101.4 per cent of normal. This difference in gain was considered to be of
little or no practical importance. It might easily be attributed to the num-
ber of Jerseys in the group since the Jerseys in the college herd as a rule
are of a smaller type than those used in establishing Ragsdale’s normal.
At 16 weeks of age, there were no apparent differences in the physical con-
dition or appearance of the two groups of calves. The Holstein calves
appeared to experience somewhat less scouring than the other breeds al-
though the numbers studied were too small to warrant a conclusion,

Ezperiment 11

A second experiment was initiated in October, 1944, involving the use
of 24 purebred Holstein heifers from the: college herd. The calves were
selected at random to serve as controls or to receive supplementary vitamins
from birth to one month of age. One capsule was given daily during this
period. Each capsule contained the following vitamins: 6,000 U.S.P. units
of vitamin A, 1,000 U.S.P. units of vitamin D, 250 mg. of vitamin C, 100 mg.
of niacin, 50 mg. of vitamin E, 10 mg. of riboflavin, 10 mg. of pyridoxine,
10 mg. of thiamin, 50 mg. of calcium pantothenate, and 1,000 mg. of choline.
This combination of vitamins was fed to insure that most of the possible
vitamin deficiencies would be met. It was felt that if beneficial results were
obtained from this mixture, later work could be undertaken to determine
the most effective vitamin combination.
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The control group of calves received the same feed and management, but
did not receive the supplement of vitamins. The results of this experiment

are shown in table 2.
TABLE 2

The effect of vitamins on the incidence, severity, and duration of scours and the
rate of growth in Holstein calves

- Date of Body weight Relation of age (weeks) and seours*
Number birth -
Birth [20wks.| 1 | 2 | 38 [ 4 |5 |6 |7 | 8
Supplementary vitaminst
1bs. 1bs. i

1720 11/ 8/44 98 248 - - - - +H + = -
1721 10/20/44 105 302 - + + |+ | | + -
1729 12/25/44 7 277 - + - - - - - -
1732 12/29/44 78 249 + ++ = Bzl Bzl B —
1734 1/ 3/45 81 244 + +| - - -1 - - -
1745 2/11/45 84 305 - - - - -1 - - -
1747 3/ 1/45 | 107 295 - -1 -1 + +] + + ke
Al 3/17/45 70 248 +H |+ + = -] - = -
1749 3/18/45 82 264 ++ | | - - - - -
1756 4/ 1/45 96 290 = + + = - - - -
1763 5/ 3/45 | 104 301 - - - - - - - -
1769 5/18/45 | 102 311 - - | ++ - -1 - - -

Average ... s 90.2 277.8

Average (% of nor-
mal) 100.2 100.9

Total gain (% of
normal) . - 101.2

No vitamin supplement

1718 10/20/44 92 228 - - - + ] + - -
1723 11/25/44 106 293 + + + + + - - o=
1724 12/12/44 90 286 o — = = = = = =i
1730 12/28/44 90 328 - - - - - - - -
1731 12/29/44 95 293 - - - - - - - -
1736 1/19/45 98 265 - - + - + - - -
1742 2/ 1/45 93 314 +| -] - - -1 - - -
1751 3/25/45 88 290 - - - - - - - -
1752 3/20/45 98 269 - - + | ++ + + + +
1758 4/ 4/45 87 290 - - - - - - - -
1760 4/12/45 91 241 +H+ | + - - -1+ | +
1765 5/10/45 85 304 - - - = - - - =

Average ... .. 92.8 283.4

Average (% .
-t ) TR, 103.1 102.9

Total gain (% of
normal) | 102.8

* —=No seours, + = Mild, ++=Moderate, +++ = Severe,

t These vitamins were supplied by Hoffmann-La Roche, Inc., Nutley 10, N. J.

From these data it is evident that under the conditions of the experi-
ment, supplementary vitamins were of no value in preventing scours. In
the group that received supplementary vitamins, only 2 calves failed to show
some looseness during the first 8 weeks. Six of the 12 calves in the control
group receiving no added vitamins showed no evidence of scours during the
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same period. The duration of scours or the severity of the condition seemed
to be unaffected by the supplemental vitamin feeding. In fact, in this ex-
periment there were more frequent cases and more severe scours in the group
that received supplementary vitamin capsules than in the control group.
Figure 1 shows the growth of the two groups of calves from birth to 20
weeks of age. It is apparent that supplementary vitamin feeding in the
amounts used in this experiment had no effect on gain in weight. At birth,
the control group and the group receiving supplementary vitamins weighed
103.1 per cent and 100.2 per cent of Ragsdale’s normal, respectively. At
20 weeks of age, the body-weight relationship was nearly the same ; the con-
trol group, 102.9 per cent, and the group receiving added vitamins, 100.9 per
cent of normal for Holstein calves at that age. Over the 20 weeks, the con-
trol group and the vitamin supplemented group gained at approximately the

o /2 4 16 /8 20

o 2
* ‘”}wa’m

Fi6. 1. The average birth weights and average weekly body weights of 12 Holstein
heifer calves receiving supplementary vitamins and 12 Holsteins receiving no added
vitamins,
same rate, 102.8 per cent and 101.2 per cent of Ragsdale’s normal, respec-
tively. ' .

From the amount of fleshing, the condition of the hair coat, and the
general appearance of the calves, it was impossible to distinguish the calves
that had received supplementary vitamins from those that had received
‘none. .

Ezxperiment 111

A third experiment was set up in a Holstein herd maintained under
somewhat less favorable feeding conditions. The calves were divided at
random into three groups and were fed one tablet daily from birth to 30
days of age containing either the complete vitamin mixture used in the
second experiment, no vitamins, or a tablet containing vitamin A, 5,000
U.S.P. units; vitamin D, 1,000 U.S.P. units; ascorbic acid, 250 mg.; and
niacin, 100 mg. In general, the feeding practice and management were
similar to that described above.
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~ The results of this test, summarized in table 3, again show the ineffective-
‘ness of vitamin supplements in preventing scours in calves. As an average,
the calves fed the vitamins gained somewhat more in weight during the first
8 weeks, but the difference is not significant, statistically.

TABLE 3

The effect of supplementary vitamins upon the growth rate and the
health of Holstein heifer calves

. Relation of age to occurrence and
Date of Body weight severity of scours

Number | “piren -
Birthlkas. 1|2|3]4[5|6|7[s

No vitamin supplement

1bs. lbs.
103 11/ 6/44 | 116 158 - - -1 - - -] - -
106 12/ 6/44 81 140 - - -l = | ] - -
110 3/18/45 99 140 - - -1 - - - - -
112 4/ 8/45 76 104 - | ++ - - - =1 - -
115 4/28/45 88 120 - | + - - - -1 - -
Average . 92.0 132.4
A\erage (% of nor-
mal) . 102.2 93.1
’I‘otal gsm (% of
normal) P— 774
Complete vitamin eapsules*
104 11/15/44 92 170 - - ] - afl =] =] =
105 11/15/44 74 130 - - - - - - - -
111 3/27/45 75 118 - - - - - - - -
113 4/16/45 86 118 4 | | - - -] - -
114 4/19/45 80 116 - - + - - -1 - -
P8 [0 T — 81.4 130.4
Average (% of nor- .
mal 90.4 91.7
Total gam (% “of
normal) 93.9
Vitamins A, D, C, and niacin®
107 12/ 6/44 90 130 - - - - - -| - -
108 12/ 7/44 84 135 - - - - - - - -
109 12/23/44 99 144 - -+ = — - T =
116 6/ 5/45 68 112 - - - - - - - -
117 7/30/45 93 150 - - - - - - - -
Average ... 86.8 134.2
Average (% of nor-
mal) . 96.4 94.4
Total gam (% “of
normal) ... 90.8

* These vitamins were supplied by Hoffmann-La Roche, In¢., Nutley 10, N. J.

DISCUSSION

The results of the tests reported show that over a three-year period,
feeding extra vitamins to new-born calves did not prevent scours nor reduce
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the incidence, duration, or severity of scours. The vitamin supplements
had no certain effect upon the growth rate or general appearance of the
calves up to 16 or 20 weeks of age. Thus no justification was found for
feeding extra vitamins in these tests. The writers are inclined to the view
that the natural feeds furnished an adequate supply of the necessary vita-
mins for the growth and well-being of the experimental calves. TFurther
investigations are needed to determine whether the same is generally true
under average farm conditions in this area. This question is now being
studied.

These results were based on close daily observations of the condition of
the experimental calves. In some of the trials, choice second-cutting alfalfa
hay was fed that should have insured a generous carotene intake in these
cases. Acknowledging the possible laxative effect of alfalfa hay, it was
observed that the calves showed no less tendency to scour than calves that
received hay of a lower carotene potency.

It should be recognized that the calves received a limited amount of
whole milk during 7 or 10 weeks following an initial feeding of colostrum.
All calves received their dams’ milk for 5 days after birth. Under con-
ditions that exist on some farms, where whole milk is fed in greater amounts
over a longer period and is finally replaced with skim milk, one might logie-
ally expect less benefit from adding extra vitamins to the diet than with less
favorable feeding and management.

‘While it is known that a severe deficiency of vitamin A and possibly
other vitamins will cause diarrhea, care must be exercised in assuming that
seours in young calves is a definite indication of vitamin deficiency. It is
difficult, if not impossible, to determine whether a particular case of scours
is due to nutritional deficiency, specific bacterial infection, or faulty feeding
and management practices of which there may be many.

SUMMARY

Studies are reported involving approximately sixty heifer calves of
various dairy breeds, largely Holsteins, which show that supplementing a
normal diet with capsules or tablets containing vitamins A, D, and E, as-
corbic acid, and several of the B-vitamins did not reduce the incidence or
severity of scours. Extra vitamins in the amounts fed had no certain effect
on the rate of growth or the general appearance of the calves during the
early months of life. Under the feeding and management conditions in-
volved, there was no advantage to calves from adding extra vitamins to the
normal ration.
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THE LOSS OF NUTRIENTS IN HAY AND MEADOW CROP SILAGE
DURING STORAGE*

C. F. MONROE,! J. H. HILTON,2 R. E. HODGSON,? W. A. KING+
AND W. E. KRAUSS:

Livestock men appreciate the value of having adequate amounts of good
quality roughage for feeding between pasture seasons. All too often the
_quality of the material coming out of storage, either from the mow or silo,
fails to come up to expectation. The losses in quality are generally quite
obvious and include changes in color, aroma, physical condition, and palata-
bility. Other losses in quantity of total dry matter, digestible nutrients and
carotene may also have taken place. Although these are just as real as the
visible losses in quality, they are not generally recognized. Of course, the
ideal sought for in storage is to obtain a palatable feed with a minimum Jloss
of dry matter and nutrients. The purpose of this review is to present the
information concerning the losses taking place during storage of meadow
crops under different conditions and treatments in the mow and silo.

STORING AS UNDERCURED HAY

Spontaneous combustion may result from storing undercured material in
the mow. This results not only in a total loss of the stored material, but fre-
quently in a loss of the building and sometimes in a loss of the surrounding
buildings and their contents. It is estimated (48) that the farm losses from
this cause in the United States amount to $20,000,000 annually. Different.
theories have been advanced regarding the nature and causes of the various
processes involved in spontaneous combustion. These have been reviewed by
Browne (11) and more recently by Henson (32). Investigators agree that a
certain amount of moisture is necessary to start the processes leading to this
trouble. Roethe (71) believes that the losses can be reduced if the hay is
stacked (or put in the mow) with a moisture content not to exceed 30 per
cent. Likewise, Henson (32) considers such hay safe from excessive heating.
For hay put into stacks in England, Firth and Stuckey (19) recommend that
the moisture be 25 per cent or less. Watson (83) points out that there is
danger from relatively wet patches in the hay as put into storage or sub-
sequently caused by a leaky roof or by drainage. Experience has shown
that hay wet from floods is subject to spontaneous combustion (11).

Black and various shades of brown hay may also result from storing
undercured hay. Swanson and co-workers (80) put up a stack of approxi-

* Prepared as a committee report for the Joint Committee on Grassland Farming.
1 Qhio Agricultural Experiment Station, Wooster, Ohio.

2 North Carolina State College, Raleigh, North Carolina.

3 U.8.D.A. Bureau of Dairy Industry, Washington, D. C.

4 Purdue University, Lafayette, Indiana.
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mately 40 tons of alfalfa containing 59.42 per cent moisture. On opening
the stack it was found that several different kinds of hay had resulted, in-
cluding black, two shades of brown, mouldy green, and a small amount of
apparently good hay. However, the loss of organic matter had amounted
to 39 per cent. The loss of nitrogen-free extract was calculated at 45 per
cent and of protein at 33 per cent. A large portion of the hay was unfit for
feed. Steers fed the black hay made unsatisfactory gains.

Hoffman and Bradshaw (38) show losses in brown hay of 22 per cent
dry matter. The fats, sugars, and hemicellulose groups were especially
affected, resulting in a hay of very inferior quality.

In some recently reported work by Bechtel and associates (6), analyses
are given for a ‘‘normal’’ hay taken from the outside of a stack, brown hay
from the inner portion of the stack, and a black hay, coarsely chopped,
selected from the remains of a partially-burned stack on a nearby farm.
The analyses for the three kinds of hay are given in table 1. The analyses

TABLE 1
Chemical composition of normal, brown, and black hays used in digestion trials
Percentage composition of dry matter
Descrip- -

tion Mois- Ak Crude Crude | N-free | Ether Cal- Phos-
ture protein | fiber | extract | extract | cium | phorus

Normal ... 20.4 9.72 21.51 25.20 41.16 2.40 1.53 0.29
114 10.60 21.04 28.17 |° 38.37 1.93 1.56 0.30

16.9 11.66 21.03 35.03 30.42 1.85 1.57 0.28

of the ““normal’’ and brown hays are similar, but those for the black hay
are markedly different, especially in respect to ecrude fiber and nitrogen-free
extract. The loss of nitrogen-free extract in storage in the brown hay was
15 per cent and in the black hay 39 per cent more than the ‘‘normal’’ hay.

In a feeding trial the normal hay was found to be superior to the brown
hay. The black hay was not fed in a comparative milk-production trial.
The results obtained in feeding these hays indicated that the normal hay
was adequate in feeding value, whereas the brown and black hays were
decidedly inadequate.

The digestion coefficients for the three hays were determined and are
shown in table 2.

Table 2 shows that, with exception of ether extract, the digestibility co-
efficients were lower in the brown and black hays than in the ‘“normal’” hay.
The extremely low digestibility coefficient for protein in the black hay is in
agreement with previous work as reported by Watson (83). The brown
and black hays proved unpalatable.

Reed (70) also reports that brown hays lacked palatability. In his
work, Holstein cows normally eating 17.9 pounds of a No. 2 Michigan hay
consumed only 14.4 pounds of a brown hay. He encountered dry matter
losses of 33.7 per cent and 49.5 per cent in producing the brown hay.
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There is some disagreement in the findings on palatability and feeding
value of brown hay as compared to ‘‘normal’’ hay. Maynard and co-
workers (49) report brown alfalfa to be more palatable and slightly higher
in feeding value for fattening lambs than a comparable green alfalfa.
(Grassman, as reported by Henson (32), found that dairy cows ate more of
a brown hay than of a normal hay but that the digestibility of the hay was
lowered according to the degree of browning. In some specially conducted
palatability trials, Willard (89) found that alfalfa browned in the stack had
retained its palatability, although the sugar content of the hay had been re- .
duced by the browning process. The Kansas Station (15, 16), reports that
dairy cows had to learn to eat brown hay. The results of two feeding trails
showed 4.3 per cent less milk and 4.1 per cent less fat on the brown hay than
on a green hay. Henson (32) and Folger (20) believe that the inferior
feeding value of brown hay may be masked under practical feeding con-
ditions by a greater consumption of such hay.

TABLE 2

Digestibility percentages and palatability comparisons of normal
! brown, and black hays

Normal Brown Black
hay hay hay
Digestibility percentages:
Dry matter 60 41 27
Crude protein 67 16 3
Crude fiber 41 36 14
Nitrogen-free extract ... 72 59 53
Ether extract 25 33 42
Palatability :
Amount eaten per 1,000 1b. liveweight ..... 20 15 10

As an explanation for this lack of agreement on ‘‘brown hay,’” there .
is reason to believe that considerable variation exists between different lots
of ““brown hay’’ and the processes by which they were produced. Thus,
Fred and Peterson (23) produced ‘‘brown hay’’ by wilting alfalfa to 30 to
40 per cent moisture content and then packing it tightly in a silo under a
heavy top seal. The resulting material had a brownish-green color and a
pleasant odor and was readily eaten by cattle. The dry-matter loss was
reported as only 5 per cent.

NORMAL HAY

“Well-cured’’ hay or that containing less than 30 ber cent moisture also
undergoes some changes in storage. Woodward and Shepherd (95) stored
two 5-ton lots of hay containing 27 to 25 per cent moisture, respectively.
‘When removed from storage approximately 3 months later, the moisture
content had dropped to 9.5 per cent and 8.5 per cent, with total dry weight
losses of 4.1 and 5.3 per cent, respectively. Repeating this work (74) with
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TABLE 3

Analyses of first-cutting alfalfa, as put into and taken out of the mow,
with percentage losses of nutrients (dry basis)*

Dry Crude Crude N-free ‘Ether
matter protein fiber extract extract

%o % %o %o To

Into mow ... 75.1 16.7 29.3 44.5 1.87
Out of mow .. 87.7 17.4 32.5 39.8 1.84
Losses, per cent . 6.9 3.3 + 3.1 16.8 8.90

* Vermont Bul, 494, table 4.

a drier hay (15.8 per cent moisture) gave a dry matter loss of 5.33 per cent.
The authors state that this ‘‘consisted principally of nitrogen-free extract,
with small losses of crude protein and ash and no losses of crude fiber or
fat.”” Very similar losses, 3 to 8 per cent, in total dry weight of eight
different hays stored with 12 to 28 per cent moisture were found by Cam-
burn and associates (12, 13). The losses occurred principally in the nitro-
gen-free extract. Table 3 is taken from the tables presented by these
workers on the analyses of hay going into and coming out of the mow.

A similar study has been made by Hodgson and associates (35) at the
Washington Station. The authors describe the weather conditions as humid.
Their work represents three successive years, with mows containing from-
51to 68 tons of hay. The losses were more extensive than those shown above
from the Vermont Station. These data are summarized in table 3A.

Chopping hay into the mow requires that the moisture content be lower
than when the forage is stored as long hay, in order to prevent excessive

TABLE 3A

Weighted average percentage of first and second cuttings of hay made from grass and
clover forage as put into the mow and as taken out, with the percentage
loss of dry matter and nufrients sustained during the
storage period for three different years*

Dry Crude Crude N-free Ether
matter protein fiber extract extract
1943 season % % %% % %
Into mow ... 73.0 79 31.9 52.1 1.5
Out of mow ... .. 83.3 9.2 32.8 48.8 18 .
Losses, per centt . 26.4 13.9 24.3 310 14.1
19385 season
Into mow ... —— 78.2 7.9 28.9 55.5 2.1
Out of mow 78.2 7.8 315 52.8 1.9
Losses, per cent ... 8.9 10.0 0.6 133 17.4
1936 season *
Into mow 78.2 9.0 33.4 484 19
Out of mow 80.2 9.8 32.2 49.6 1.5
Losses, per cent ... . 129 48 16.0 10.6 31.1

* Washington Bul. 366, tables 5, 6, and 8 (dry basis).
t Included in this loss was 12,272 pounds of hay discarded because it was musty and
unfit to feed, which accounts for the unusually high losses for this year.
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heating.- At a given moisture content, chopped hay will heat more than
long hay (51). Asan important item in storage, chopped hay occupies one-
half, or less, of the storage space of long hay. These points are illustrated
iu the work of Woodward and Shepherd (95, 74), as summarized in table 4.

Feeding trials with milking cows indicated a higher value for the long
hay than for the coarsely chopped, brown, or finely chopped hay containing
some black. This latter hay lacked palatability. In hay stored with the
lower moisture content, there was little difference between long and chopped
hay in feeding value. The advantages of chopped hay over long hay lie
in the mechanics of handling and storing and in a reduction in feeding
wastage. There appears to be no nutritional advantage from chopping (10,

TABLE 4
Comparison of long and chopped hay in storage

Ch;:).[l)}l)ed Long Ch%o}:fed Long Ch%o_li)fed Long
4 ] .
hay hay hay hay hay hay
Moisture when stored, y/ p— 27.0 274 253 25.3 15.8 15.8
Maximum temperature in stor ;
age, degrees F. ... 151 122 128 120 106 81
Loss of dry matter, % 41 3.2 3.5 4.9 5.3

Color out of storage 1-25* Light | 14—45% | 47-48*% | 54-57*

green | brown | green | .green. | green

Storage space per ton, cu. ft. ... 152 475 218 475 227 592
Carotene preservation )
Carotene into storage, p.p.m. 46 46 74 74 75 75

Carotene out of storage, p.p.m. 0.9 2.9 3.9 3.9 20.7 31.9

* Refers to the range in percentage of green color as compared to that in the greenest
eon1merc1ally produced hay.

44, 57, 90). Likewise, there is no nutritional benefit from grinding hay ;
in faet, in some cases this has been shown to lower digestibility (21, 29).

Salting of hay may check bacterial growth and delay, but not inhibit,
mold development according to the laboratory tests conducted by Stuart
and James (79). In storage studies Henson (32) found salt ‘‘markedly
beneficial’’ in one test, slightly beneficial in a second, and without effect in
six other tests. He does not favor the general use of salt but believes that
losses from excessive heating in under-cured hay may occasionally be re-
duced or prevented by the use of salt.

'The work on this question canducted by the Bureau of Chemistry and
Soils of the United States Department of Agriculture has been summarized
by Roethe (71) as follows: ‘‘ Although salt in liberal quantities may retard
fermentation, there is no experimental evidence in the Bureau’s possession
that the addition of salt to hay as it is stored, at least in amounts safe for
feeding, will prevent spontaneous ignition.”” Shutt (75) has compared ad-
ditions of 10, 20, and 30 pounds of salt per ton of hay to no treatments in
stacked clover-timothy hay. No outstanding differences were shown by
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chemical analyses. The salted hay had a better aroma, was less dusty, had
more color, and was also more palatable than the unsalted hay. The 30-
pound addition contained too much salt for satisfactory feeding and proved
‘‘very loosening on the steers.”’

Field baling of cured hay containing less than 25 per cent moisture may
be practiced with good results, if precautions are taken to provide ventila-
tion when the material is stored, according to studies conducted by Henson
(32). He believes that the temperatures developed in hay bales correspond
with those of mowed hay of the same moisture, content.

Watson (83) presents data on the composition, digestibility, and quality
of hay baled at moisture contents varying from 16 to 40 per cent. The °
most suitable moisture level was 20 to 24 per cent; below this there was a
loss of color due to bleaching and above this range, brown patches occurred, -
due to fermentation and molds and dustiness were encountered. Miller
and associates (52) report that hay containing from 24 per cent to 40 per

TABLE 5

Analyses of a first-cutting, artificially dried alfalfa hay as put into and taken out of
storage.* (Caleulated to 90 per cent dry matter basis)t

Ash Crude Crude N-free Ether

protein fiber extract extraet
Into mow 6.59 14.09 25.90 41.38 2.02
Out of mow .. . 6.79 13.91 28.78 38.67 1.85
Percentage change .. +0.20 - 0.18 + 2.88 - 27 -0.17

* Loss of total dry matter, 1.99 per cent.
t Vermont Bul. 494, table 4.

cent moisture when baled molded when piled under conditions of adequate
natural ventilation. :

Artificially dried hays (kiln dried) would be expected to show only very
small losses in organic matter in storage, because of their low moisture con-
tent. The analyses presented by Camburn and associates (12), in which
the average loss amounted to 1 per cent, justifies such a belief. An illus-
tration of their analyses on an artificially dried, first-cutting alfalfa going
into and coming out of the mow is shown in table 5.

‘With the exception of a few instances in which the drying has been
admittedly inefficient, the results obtained in feeding artificially dried hays
and grasses have been satisfactory (3, 4, 14, 46). The digestibility (ether
extract excepted (33)) and palatability are also high (27, 33). Hodgson
and associates (36) have shown that grass could be dried at exhaust gas
temperatures up to 350° F'. without lowering the digestibility of the ma-
terial. At 400° F. the digestibility of the protein was markedly decreased.

In fact, the artificially dried material has been shown to have the same
value as the green growing crop (62). ]

Artificially dried hays may at times be deficient in their vitamin D con-
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tent (5), although this is not always true (25). Wallis (82) has shown that
there may be marked differences in the vitamin D content of even sun-cured
hays.

Since the process of artificial drying is essentially one of curing rather
than of storing, it does not come within the scope of the present review.
However, from the viewpoint of. preserving nutrients, artificial drying
comes elose to being the ideal. From a practical viewpoint the cost of the
drying operations and the lack of availability of equipment for the average
farmer preclude the widespread farm adoption of this process.

Mow drying by forced ventilation may supply®the means of overcoming
some of the objections to artificial drying. Weaver and Wylie (87) believe
that, in order to operate the barn driers economically, 75 per cent of the
water in excess of that normally in dry hay should be removed in the field.
Barn-dried hay averaged 2.3 per cent more leaves and 19 per cent more
carotene than field-cured hay. The barn-cured hay had a superior feeding
value. Dexter and Sheldon (18) also report that, ‘‘As a whole, the hay
was of excellent quality.”” They encountered musty hay in the upper 2
feet. They favor putting the hay into mow-drier at approximately 35 per
cent moisture. From observations on five farms in Virginia using mow
driers, Connelly (17) reports that the resulting hay has been of good
quality. Increases in milk production are attributed to feeding this mow-
dried hay as compared to feeding the ordinary sun-cured hay. Investiga-
tors (39, 41, 50, 72) in this field have been chiefly concerned with the engine-
ering features.involved. Input-output data on the hay seem to be lacking.
However, it is reasonable to suppose that the percentage preservation under
this system would be determined by the extent of natural heating involved.

To speed up the drying of the hay, Strait (78) tried heated air. He was
able to reduce the loss of carotene to 18.5 per cent during the mow-drying
process.

. Carotene losses in stored hay present a serious problem. Carotene
(pro-vitamin A), the form in which vitamin A exists in forage plants, is
unstable. It is readily oxidized and is subject to photolysis (26). Hauge
(28) has shown that enzymes in the plant are also capable of destroying
carotene. In a later publication (85) of which Hauge was a joint author,
the opinion is expressed that the enzymes may be active in dried hays.
Recent work by Mills and Hart indicate that this is the case (53, 54). In
hays that have been subjected to a special heat treatment such as in arti-
ficial drying which inactivates the enzymes, the retention of carotene should
be higher than in sun-cured hays. This tendency is shown in the reports
of Camburn and associates (12, 13). These authors give the progressive
losses of carotene in sun-cured and artificially cured hays by 2-month in-
tervals for 360 days. After 300 days, the percentage retention of carotene
was 55 for the artificially dried and 27 for the sun-cured hay.
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In the storage of naturally cured hay the losses of carotene are also in-
fluenced by the extent of heating which the hay undergoes, which in turn
is influenced by the moisture percentage. Thus, in the work of Woodward
and Shepherd (74, 95) as shown in table 4, the hay stored with 27 to 25
per cent moisture and which had heated extensively, lost practically all of
its carotene, whereas the hay stored with, 15.8 per cent moisture retained a
fair amount of this substance. v

Guilbert (26) presents data to show that temperature (per se) has an
effect on carotene losses. When alfalfa hay and meals were stored in heavy
paper containers in the dark for 8 weeks at a temperature ranging from 23°
to 41° K. there were no losses of carotene, but at 68° to 86° F., the loss was
30 per cent and at 154° to 176° F., the losses ranged from 62 to 87 per cent.
More recent work by Wilder and Bethke (88) confirms these findings.
Kane and associates (43) estimate a 3 per cent loss in carotene per month
for baled hay in winter storage and a 6.5 per cent loss for storage in warmer
weather. For summer storage the losses ranged from 11 to 21 per cent.
Smith (76) also notes a seasonal effect in the alfalfa stored in bales. In
samples of baled hay as found on the market, evidence of a caked or set
condition or of a tobacco, sweated, or ground odor may be taken as an in-
dication of a decidedly low carotene content (91). After comparing the
colors of different hays with their earotene content, these authors conclude
that ‘‘no definite quantitative relation between these factors can be ex-
pected.”” Work (43) in the same laboratory had previously shown that
the percentage loss of carotene was more rapid than the loss of green color.

STORING GREEN FORAGES AS SILAGE

Losses in the silo come chiefly from top spoilage, the seepage of juices
through the bottom or sides of the silo, and from fermentation. In addition,
there may be some material at the extreme bottom of the silo that is unfit
for feed and hence lost. Amnother loss, which is only partial, is generally
encountered at the top of the silo following the removal of the top spoilage.
This silage, although feedable, does not have the quality or palatability of
the silage further down. In experimental work this is generally fed off
before starting the experiment so that the silage will be of ‘‘uniform
quality.”” In practical feeding, farmers have difficulty in getting their
animals to eat a sufficient amount of this intermediate material. In some
regions partial losses and unsatisfactory feeding results may be caused by
the silage freezing.

Top spoilage on a percentage basis varies with the amount of silage or
depth of the silo, according to Newlander and associates (59). They give
estimates of top spoilage of 6.1 per cent for a 24-foot silo and 3.3 per cent
for a 36-foot silo, as based on their experimental work. -Nevens (58) shows
that the amount of top spoilage can be materially reduced by applying a
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proper seal. Briefly, his plan is to provide an air-tight cover, such as roof-
ing material and then add a sufficient weight of material to pack the silage
near the surface. It seems reasonable to believe that an adequate top seal,

_in addition to reducing top spoilage, may also lessen the amount of ‘‘indif-
ferent’’ silage beneath the spoilage. '

Seepage losses have recently been reported by Archibald and Gunness
(2) for a 100-ton wooden silo over a 7-year period. The losses in dry matter
from the seepage have averaged 0.54 per cent, with a range from 1.08 to
0.12 per cent. The authors express the following opinion concerning this
“‘loss’’; ““The improved quality of the silage when the juice is permitted to
drain off will largely offset any small losses.”” No carotene was found in
the juice. Peterson and associates (67) report a loss of 1.77 per cent dry
matter in seepage from 17 tons of alfalfa ensiled by the A.I.'V. process. The
New Jersey Station (1) reports losses ranging from 2 to 18 per cent of the
total weight ensiled. The dry matter percentage of the seepage ranged
from 0.19 to 1.7 per cent. There was a greater loss with molasses than with
phosphoric acid-treated silage.

Otis (63) presents seepage data from a 14 x45-foot silo, especially
equipped for such a study. One hundred and twenty-two tons of green al-
falfa with a moisture content of 72.3 per cent were treated with phosphorie
acid. The loss of dry matter by way of the seepage was found to be 1.6 per *
cent of the total dry weight of the ensiled material. The juice was found to
contain 93.4 per cent water, 3.2 per cent crude protein, 2.0 per cent mineral
ash, and 1.4 per cent nitrogen-free extract. :

Fermentation losses as reported for silage may be too high where the
oven-drying method of moisture determination has been used. This is the
claim of Perkins (65), and also of King (45), who find that volatile products
are driven off and accounted for as moisture in oven-drying. Perkins (65)
recommends a toluene distillation method with corrections for the amount
of volatile acids. ‘ :

The losses (top spoilage excluded) in total dry matter, protein and earo-
tene in a large number of silages made from various crops and with various
treatments have been determined by Woodward and Shepherd (96). The
summary of their results is presented in table 6.

The results were obtained largely with silos of one-ton capacity, which
the authors believe yielded silage comparable to that from large silos. The
dry-matter losses ranged from 5 to 10 per cent, top spoilage excluded ; and
protein losses from 2.8 to 6.6 per cent. In respect to palatability, the high-
dry-matter silages, either wilted or treated with molasses, rated high ; where-
as the silages treated with mineral acids were low in palatability. The
authors discourage the use of hydrochloric and sulfuric acids for silage
p}'eservation, regardless of the successful preservation of feed nutrients.
They state: ‘‘The silage is definitely unpalatable.”” Special emphasis is



248

C. F. MONROE, ET AL.

TABLE 6
Dry matter, protein and carotene losses in grass silage, with palatability data*
Losses in the silo exclusive
: Dry of top spoilage
Eﬁgérelrrzﬁggal Moisture matter
eatent mlz:g; & Protein Carotene
% 1b. % % %
Higher moisture .. 70.6 214 10.3 4.8 . 22.2
Lower moisture} .. 45.0 24.8 8.3 2.8 38.3
Higher pH (4.76) ... 62.6 22.9 8.7 7.6 30.5
Lower pH (4.36) b
molasses§ 61.5 24.2 8.6 7.8 23.5
Higher pH (5.18) 66.8 23.6 7.7 6.6 - 26.2
Lower pH(3.66) by
2N acids|| . 67.9 16.3 5.0 2.9 . 9.3

* Taken from Woodward and Shepherd (96) tables 1, 2 and 3.

t Dry matter consumed pe;
t By wilting or added dry

r cow per day.
matter.

Average of 25 comparisons.

§ Various additions of molasses. Average of 19 comparisons.

|| By additions of mineral

acids.

placed upon the proper moisture content as a factor in making good silage.
Similar conclusions have been reached by Hayden (30) and coworkers.

Taylor and associates (81) conclude that a loss of 10 to 15 per cent of
the total dry matter is nominal and unavoidable in ensiling. Likewise, from
an extensive series of tests the Vermont workers (12, 13, 60) show an ave-

rage ‘‘intangible’’ loss of

11.5 per cent.

The feed analyses of the silages indicate that the silage is not materially
To illustrate this point, sample
analyses taken from three different investigations and representing three
different silage processing methods are shown in table 7.

different from the crop go

ing into the silo.

TABLE 7
Comparison of analyses of crops going into and coming out of the silo
Dry Crude Crude N-free - Ether
matter protein fiber extract extract
Clover—treated with 3 per cent molasses (actual composition basis)*
In-going clover 32.56 3.59 10.21 15.63 0.77
Out-going edible silage 31.67 3.84 10.44 14.09 0.88
) Mixed grasses—treated with phosphoric acid (actual composition) t
Mixed grasses 29.30 3.30 9.10 13.90 0.80
Grass silage ... 26.80 3.00 8.60 12.40 0.80
Grass—untreated (dry matter basis)}
Material ensiled ... 28.90 11.80 23.70 54.60" 3.30
Good silage (recove 26.90 12.60 27.70 45.50 4.40

* Vermont Bul. 494 (12).

t New Jersey Bul. 683 (81).
{ Washington Bul. 348 (34).
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The digestibility coefficients of the various feed constituents in grass sil-
age were found to be approximately equal to those in the original grass, in .
trials conducted by French (24). Crude protein was less digestible in the
silage than in the original grass—49 per cent as compared to 60 per cent.
The ether extract was 10 per cent more digestible in the silage than in the
original grass. That the ensiling process does not necessarily depress the
digestibility of crude protein is indicated in the results obtained by several
other investigators (22, 34, 61). Although these investigators have not
compared the digestibility of the silages with the original material, the diges-
tion coefficient for erude protein is higher than that found by French (24).
Excessive heating as the cause of lowering the digestibility of protein in
silage is suggested by Woodman (92), who obtained a digestibility coefficient
of 12.2 per cent for crude protein in a stack silage that had heated. Wat-
son and Ferguson (84) report a coefficient of 35.3 for the protein of a stack
silage in which heating had occurred as compared to 67.7 for that of a tower
ensilage in which little heating was noted. )

Carotene preservation in meadow-crop silage has been shown to be high.
In fact, in some cases the carotene values for silages have been reported as
higher than the original material (31, 47, 60). These high values were
shown by Quackenbush and associates (69) to have been caused by the pres-
ence of pigments produced by the action of the silage acids on xanthophyll.
A method for separating the pigments has been worked out by Peterson,
Hughes and Freeman (68), and further modified by Moore (56).

Camburn and associates (12) present carotene analyses on several differ-
ent silages at the end of 8 months in the silo. - The percentage retention of
carotene for the different treatments was as follows: 57 with phosphoric
acid treatment, 52 with no molasses, 47 with 8 per cent molasses, 29 with
2-4 per cent molasses. In another trial (13) these investigators obtained
the following percentage retentions: 78 with A.I.V.-treated, 43 with phos-
phorie acid, 22 with molasses-treated and 18 with no treatment.

In the results obtained by Woodward and Shepherd (96), presented in
table 6, the carotene retentions were higher than those indicated above. The
silage preserved by the A.I.V. method headed the list. Carotene preserva-
tion was also shown to be high in the investigations of Taylor and associates
(81), who state that ‘“‘grasses or legumes, ensiled with acids or molasses con-
. tain two or three times as much carotene as does corn silage.’’ :

After an extensive series of trials including such treatments as wilting,
phosphorie acid, salt, and corn-and-cob meal, Stone and co-workers (77)
state, ‘‘The highest carotene values were usually obtained in alfalfa en-
siled with molasses.”” This differs from the Vermont findings (12, 13)
which favored the A.I.V. treatment. In all treatments a satisfactory frac-
tion of the original carotene was preserved according to the work of Stone
and associates (77).
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Milk and butterfat produced from meadow-crop silages have been shown
. to contain increased amounts of carotene and vitamin A, Thus, with A.IV.
silage Peterson and associates (66) found 50 per cent more carotene and 40
per cent more vitamin A in the milk than when the ordinary well-balanced
winter ration was fed. Bechdel and co-workers (7) also mentioned an in-
crease in carotene content of the butterfat produced on the high-carotene
legume silages. At the Purdue Station the feeding of alfalfa-brome grass
silage treated with molasses was found to increase the carotene and vitamin
A content.over that produced on corn silage (86). Hodgson and associates
(37) also indicate substantial increases in the vitamin A potency of butter-
fat from feeding grass silage. This same observation has been made re-
peatedly at the Ohio Station (30).

The ““grass-juice’’ factor which has been shown to be present in grass
silage is also transferred to the milk (42). Silage prepared with phosphorice
acid contained somewhat more of the factor than molasses-treated and un-
treated silages. An alfalfa silage containing a soured-whey concentrate
showed an excellent preservation of this factor. The ‘‘grass-juice’’ factor
is so named because of its abundance in young grass. It is an unidentified
water-soluble substance of a growth-promoting nature for rats and guinea
pigs.

The viability of weed seeds as affected by the siloing process, although
indirectly related to the subject of this review, has a practical significance
in farming methods. Woodward (93) shows that the germinating powers
of the seeds from a number of different weeds are destroyed in the silo.

The type of silo appears to be relatively unimportant in respect to the
nutrient preservation. In the work reviewed several different kinds of
silos have been used. Bohstedt (9) states, ‘‘The type of silo is important
only in so far as it excludes air and provides means for compression of the
silage.”’

MOISTURE EVALUATION AND CONTROL NEEDED IN STORING FORAGES

Probably the one single factor that calls for the most consideration in
putting crops into either the mow or silo is simply’ the moisture content of
the material. On most farms moisture is ‘‘determined’’ by the ‘‘feel,”’
coupled with experience. Woodward (94) has described a mechanical de-
vice for estimating the moisture in crops intended for the silo. Another
method based on the reaction of caleium carbide with moisture has been pre-
sented by Parks (64). Or, if electricity is available, the rapid-drying
method (55) of blowing heated air through a sample can be used. This has
been shown to agree within one per cent of the laboratory oven-drying
method (77). With an adequate moisture control the losses in storage can
be reduced to a minimum.
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ROUGHAGE REVIEWS

Articles covering the general subject of roughage including the work on
storage, have been published by Bohstedt (9), Huffman (40), LeClerc (48),
Watson - (83), and Woodward et al. (97). The subject of barn hay-driers
has been reviewed by Schaller, Mitchell, and Dickerson (73) and the subject
of grass silage by Bender and Bosshardt (8).

SUMMARY

Storing as hay. In ‘“well-cured’’ long hay or that containing less than
30 per cent moisture, the dry-matter loss in storagé will vary from 3.5 to 9
per cent and in some cases more. This loss oceurs principally in the nitro-
gen-free extract and to a lesser degree in the ether extract.

Hay containing in excess of 30 per cent moisture is not considered safe
for ordinary storage. In such cases, extensive heating results that may lead
to either spontaneous combustion or to the production of charred, blackened
or browned hay. Dry matter losses depend upon temperatures attained
and their duration. In browned and blackened hay such losses may range
from 15 to 40 per cent. Heating reduces the digestibility of the hays, es-
pecially of the proteins, and increases the carotene loss. Although $ome
browned hays have been found palatable, in general, browned hay, and
blackened hay especially, are less palatable than hays that have not heated.

At a given moisture content chopped hay will Lieat more than long hay.
A ““long chop’’ is preferable to a ‘‘short chop.”” Such hay should contain
less than 25 per cent moisture for storage.

Salting hay will not prevent excessive heating in under-cured forage.

For field baling, hay should contain less than 25 per. cent moisture.

The losses in dry matter and nutrients (carotene excepted) of artifici-
ally dried hay are practically negligible in storage.

Mow-drying of hay by forced ventilation with or without artificial heat
has been shown to result generally in hay of good quality with a high feed-
ing value. In cases where fermentations and heating have occurred, it is
logical to assume that losses will be encountered just as in ordinary storage.
Much more work on the nutrient content, feeding values and palatability of
mow-cured hay needs to be done.

Losses in carotene take place in the storage of ‘‘well-cured’’ long hay
in the mow, so that at the end of 300 days, such hays may have only one-
quarter of their original value. In the heating of hay the carotene may be
entirely lost. The losses are greater in warm weather than in cold weather.

Storing as silage. The percentage loss from top spoilage will vary with
the size of the silo and the precautions taken in sealing the silo. A loss of
3 to 6 per cent of the total dry matter of ensiled material is a general estim-
ate. The actual weight of spoiled material removed from the top of a silo
may represent a proportionally larger amount of original forage, because of
the loss of organic matter through decay and the drying out of the material.

.
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‘The percentage losses through seepage also vary with the size of the silo
and the moisture content of material ensiled. Normally the dry matter
losses from this cause are less than 1 per cent, when the original forage con-
tained 70 per cent or less moisture.

Fermentation losses in dry matter will normally vary between 5 and 10
per cent. This is exclusive of losses from top spoilage or seepage.

The feed analyses of silage is similar to the analyses of the material en-
siled. The digestibility of the silage is likewise similar to the original green
material, except in silage in which extensive heating has taken place. In
such cases the digestibilify of the protein is lowered.

Carotene is generally well preserved in the ensiling process. According
to some work the carotene retained in the silage averagéd from 60 to 90 per
cent of that ensiled. Other investigators show lower carotene retentions.
Considerable variation exists in the amount of carotene retained in silage.
The type of treatment has been shown to have an effect on carotene preserva-
tion. In general, treatment with mineral acids shows high retention and no
treatment or wilting has given the lowest retention.

The high carotene content of the silage is reflected in the carotene con-
tent-of milk produced on such silage.

The ‘‘grass-juice factor’’ has been shown to be present in grass silage,
especially in silage preserved with soured whey or with phosphorie acid.

The ensiling process destroys the germinating powers of a number of
different weed seeds.

Proper moisture evaluation and control are needed for minimizing the
losses in storing forages as hay and silages.
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ANNOUNCEMENT

ANNUAL MEETING, JowA STATE COLLEGE
June 18—-20, 1946

REGISTRATION AND HOUSING

Registration headquarters will be in the Memorial Union, Towa State
College. .

Housing facilities will be available in college dormitories and local hotels.
A return card relative to advance registration and housing will be sent to
members by the Association Secretary in May.

PROJECTION EQUIPMENT

Lanterns will be available, upon request, for projection of standard and
2” x 2” slides. Projectors for 8 and 16 mm. movies also will be available by
arrangement. Requests for projeé¢tion equipment should be made at the time
abstracts of papers are submitted to the respective section chairmen.

COMMITTEE MEETINGS

Those wishing rooms for Extension and Production Section committee
meetings should contact Elmer Hansen. F. E. Nelson will assign rooms for
meetings of committees of the Manufacturing Section.

SPECIAL MEETINGS

Rooms for a limited number of breakfasts, luncheons or dinners for
speeial groups will be available at the Union. Shortage of help will not
permit table service, so the groups will have to go through the cafeteria lines
and thence to the reserved rooms. Requests for such reservations should be
made to F. E. Nelson, Dairy Industry Department, Iowa State College,
Ames, Towa.
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ABSTRACTS OF LITERATURE
BOOK REVIEW

101. Analysis of Foods. ANDREW L. WINTON AND KATE BARBER WINTON,
John Wiley & Sons, New York, 1945.

A compilation of methods for the determination of the constituents of
foods in six groups, methods which have been accepted by American National
organizations or are standard in other countries. Others in addition are
included which have been published in accredited journals but which are
either tentative or have not been given that quasi-acceptance, yet are in
extensive use. The compilers have been to great trouble to separate method
proper from experimental and discussion entanglement in journal articles
and putting it in a lucid and usable whole. In this they have succeeded
admirably.

Part I. Brief treatment is given to General Microscopic and General '
Physical Methods. These are then followed by General Chemical Methods,
which constitute about half of the content and cover: 1. Organic Elements;
2. Constituent Groups; 3. Water; 4. Protein; 5. Fat; 6. Nitrogen-free ex-
tract; 7. Fiber; 8. Ash (2 through 8 the six groups) ; 9. Aleohols; 10. Vita-
mins; 11. Natural Colors; 12. Artificial Colors; 13. Chemical Preservatives
(10 through 13 are classed as Traces, while 12 and 13 are both classed as
Extraneous Constituents).

Part II. Special Methods. This comprises the methods which have in
Jarge part become standard analysis procedure for: A. Cereal Foods; B. -
Fatty Foods; C. Vegetable Foods; D. Fruit Foods; E. Saccharine Foods;
F. Alcoholic Beverages ; G. Dairy Products; H. Animal Foods; I. Alkaloidal
Produets; J. Food Flavors; K. Leaven ; L. Salt. 208 illustrations, numerous '
tables, and a liberal use of chemical formulas along with necessary mathe-
matical computation methods. This book can serve to advantage as a time-
saving instrument in the food analysis laboratory. L.M.D.

BACTERIOLOGY

102. An Improved Darkfield Quebec Colony Counter. O. W. RieHARDS
AND P. C. HeiN, Research Division, American Optical Co., Buf-
falo, N. Y. Jour. Milk Technol., 8, No. 5: 253-256. Sept.—Oect., -
1945.

The improved colony counter has an annular reflector which gives uniform
oblique lighting. The colonies stand out against a darkfield clearly. Colo-
nies can be examined in a colored culture medium by using a colored or light
field. The counter has a single or double magnifying glass, designed to hold
Jeffers, Stewart, or Wolffhengel guide plates. The instrument is protected

A53
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from dust, is convenient to manipulate and does not become hot while in
operation. HHW.

BREEDING

103. Livability and Glycolysis of Bovine Spermatozoa in Yolk-citrate,
Incubated Eggs, or Chick Embryo Diluters. G. W. SALISBURY,
J. A. ZeLaya, AND N. L. VANDENMARK, Cornell University, Ithaca,
‘N. Y. Jour. Animal Sei., 4, No. 3: 270-276. Aug., 1945.

Two different experiments were conducted, one with semen collected in
August and the other collected in March. Each ejaculate of semen was
diluted at the rate of one part sémen to four parts of each diluter used. The
chick-embryo diluent made from whole-fertile eggs incubated nine to eleven
days was only slightly superior to the yolk-citrate in maintaining livability
of the spermatozoa during low-temperature storing. The semen samples in
the chick-embryo diluent produced slightly more lactic acid during storage
than did the same semen samples in the yolk-citrate. This was associated
with a loss of glucose and suggests that the chick-embryo material aided in
the promotion of glycolysis by the spermatozoa. C.F.H.

BUTTER

104. Use of an Antioxidant in Preventing Hydrolytic Rancidity in Dairy
Products. 1. A. Gourp, University of Maryland, College Park,
Md. Natl. Butter and Cheese Jour., 37, No. 1: 40. Jan., 1946.

The addition of 0.75 and 1.5% Avenex concentrate to raw cream retarded
lipolysis and rancidity in the resulting raw-cream butter. The addition of
the same material to raw cream did not appreciably affect the lipolysis which
. resulted when the cream was subsequently homogenized at low pressure. It
is possible that other antioxidants may control rancidity. Those factors
affecting rancidity development in normal raw milk do not have the same
effect on lipolysis induced by homogenization. W.V.P.

' 105. The Butter Industry at the Crossroads. RusseLy Firer, American
Butter Institute, Chicago. Natl. Butter and Cheese Jour., 37, No.
1: 36. Jan., 1946.

In the year 1945 milk produection reached a new high, but butter was the
- shortest in history. This paradox was caused by military purchases and
unfair price restrictions. Removal of these restrictions should bring a nor-
mal price relationship with other manufactured dairy products within a
reasonable period. Consumer, industrial, and institutional markets must be
attained by production of a quality product, and by emphasizing butter’s
nutritive properties. Surveys by American Dairy Association show that a
large majority of consumers prefer butter to other spreads. W.V.P.
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CHEESE

106. A Phosphatase Test for Cheddar Cheese. G. P. SANDERs AnD O. S.
SAGER, Division of Dairy Research Laboratories, U. S. Dept. Agr.,
Washington, D. C.. Jour. Milk Technol., 8, No. 4: 223-226. - July-
Aug., 1945,

The method is a modification of the phosphatase test used in testing
inadequate pasteurization of milk. Complete details of the procedure will
be available at a later date.. Over 340 samples of Cheddar cheese with com-
plete records of the milk treatment were tested. Cheese made from raw milk
or under-pasteurized milk gave a positive phosphatase reading. Cheese from
pasteurized milk at 143° F. for 30 minutes or 162° F. for 15 seconds gave
values' greater than 5 units, regardless of the age of the cheese. The addi-
tion of 0.1 per cent of raw milk to pasteurized milk could be detected in the
cheese test. Ome sample of raw-milk cheese after five years and several
cheeses held three years all gave a strong phosphatase test. HHW.

107. A Discussion on Standards for Soft and Semi-Soft Cheese. Ravy-
MOND Mioruis, Natural Cheese Co., Maywood, Ill. Natl. Butter
and Cheese Jour., 37, No. 1: 72. Jan., 1946. '

Moisture and fat regulations such as govern the Cheddar cheese industry
would be unfair to use for controlling the soft cheese industry. Such regu-
lations might discriminate against some types of cheese, might interfere with
the development of new types, might introduce complications in controlling
imports, might lead to frequent revisions of definitions for many varieties of
cheese, and might be extremely laborious to enforce. The Dutch method of
branding cheese with the minimum fat per cent in the dry matter would
be preferable. W.V.P.

CONCENTRATED AND DRY MILK; BY-PRODUCTS

108 Sanitary Standards Program of the Evaporated Milk Industry.
E. H. ParrFirT, Evaporated Milk Association, Chicago, Ill. Jour.

Milk Technol., 8, No. 2: 108. Mar.—Apr., 1945.
The Evaporated Milk Association has formulated a sanitary standards

code, which has been adopted by 96 per cent of the industry.
The program and accomplishments are discussed. L.H.B.

109.. Water Absorption of Plastics Molded from Acylated Casein. W. G.
Gorpox, A. E. BRowx, axp C. M. McGrory, Eastern Regional Res.
Lab., U. S. Dept. Agr., Philadelphia, Pa. Jour. Indus. and Engin.
Chem. Indus. Ed., 38, No. 1: 90-94. Jan., 1946.

Casein plasties constitute only a small percentage of the total production
of plastics, one reason being the relatively high water absorption properties
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of the protein. The modification of casein by acetic, propionie, and n-butyric
anhydrides to produce derivatives which can be molded directly into articles
having greater resistance to water was studied. Preparation of acylated
products containing 3.4 to 10.1% acetyl, 2.7 to 13.4% propiony], and 7.5 to
14.9% butyryl is discussed. Water absorption tests on disks molded from
these materials demonstrated that the affinity of easein for water is curtailed
progressively by increasing the number and size of the acyl groups incorpo-
rated in the modified protein. This reduction in water uptake is accom-
panied by a decrease in the strength of the molded articles. B.HW,

110. “Wonder Food” Made from Casein. A~Noxymous. Natl. Butter
and Cheese Jour., 36, No. 12: 34. Dec., 1945.

Amino acids prepared by the acid hydrolysis of casein are being dis-
tributed in sterile liquid and in powder forms. The product has possibili-
ties in healing of wounds, rejuvenation of starved people and for the feeding
of sick people who could not eat otherwise. W.V.P.

DISEASE

111. Mastitis and the Plate Count of Milk. VI. The Contribution of
. Staphylococcal Mastitis to the Standard Plate .Count of Milk,
and Some Cultural Characteristics of the Organisms Isolated.
H. W. SceLEY, JRr., E. O. ANDERSON, AND, W. N. PLASTRIDGE, Storrs
Agricul. Expt. Sta., Storrs, Conn. Jour. Milk Technol., 8, No. 5:
259-263. Sept.~Oct., 1945.

Staphylococei were identified in samples of milk drawn aseptically from
quarters affected with Staphylococcal mastitis. The numbers of Staphylo-
coccus colonies ranged from 200 to 42,000 per ml.

A total of 289 cultures of staphylococei were isolated from the infected
quarters ; of these 209 were coagulase-positive or 72 per cent ; 156 were hemo-
lytic on blood agar or in blood broth. This constituted 36 per cent of the
total staphylococei. Thirty-five of the cultures or 44 per cent produced some
pigment ranging from a deep yellow to a white pigment.

No relationship existed between the lencaocyte counts and the correspond-
ing plate counts of the same samples. HHW.

112. The Therapeutic Effect of Yeast and Pyridoxine on Poikilocytosis
in Dairy Cattle. J. T. Remw, C. F. HurrMmAN, aNDp C. W. DUNCAN.
Michigan State College, East Lansing, Mich. Jour. Nutr., 30,
No. 6: 413-423. Dec., 1945.

Young calves on semi-restricted ration and cows with large open fistulas
of the rumen which showed poikilocytosis were used in this study. Dry

-
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brewers yeast, live yeast, or pyridoxine were effective therapeutic agents for
the treatment of this condition, whereas the ingestion of nicotinic acid, ribo-
flavin or a mineral mixture containing iron, copper, cobalt, and manganese
did not elicit any curative effects on the disease. The occurrence and the
degree of severity of poikilocytosis were independent of the hemoglobin con-
tent ; red cell count, red blood cell volume, and the plasma concentration of
caleium, inorganic phosphorus, and magnesium. The hypothesis was ad-
vanced that the primary defect responsible for the occurrence of poikiloey-
tosis in dairy animals is due to a lack or an interference with normal ruminal
activity. , C.F.H.

113. A Review of Bloat in Ruminants. H. H. Corg, C. F. HUFFMAN,
M. KremBER, T. M. OrsEN, axD A. F. ScmALK. National Res.
Council Fourth Report of Committee on Animal Health, National
Res. Council, Sub-com. on Prevention of Bloat. dJour. Animal
Sci., 4, No. 3: 183-236. * Aug., 1945.

This is a review of the literature pertaining to bloat in the ruminant
under the following headings: 1. Seriousness of the bloat problem; 2. Condi-
tions under which bloat oceurs; 3. Sources of rumen gases; 4. Factors influ-
encing rate and type of gas formation ; 5. Expulsion of gas from the rumen;
6. Experimental production of bloat; 7. Prevention of bloat ; 8. Treatment of
bloat ; 9. Theories of bloat. . C.F.H.

FEEDS AND FEEDING

114. Vitamin Requirement in Calves. J. M. LEwis anp L. T. WILSON,
Dept. Pediat., New York Univ. and Walker Gordon Lab., Plains-
boro, N. J. Jour. Nutr., 30, No. 6: 467-475. Deec., 1945.

Holstein calves of either sex, two to nine days of age, were placed on a
ration nearly devoid of vitamin A in order to deplete their stores of this
vitamin. Upon the cessation of gain in weight, they were divided into six
groups of four calves each and placed on the following levels of vitamin A
from shark liver oil (50,000 U.S.P. units per gm.) : 32, 64, 128, 256, 512, and
1023 U.S.P. units of vitamin A per kg. body weight per day, respectively.
The results indicated that the minimum vitamin A requirement for growing
calves is 32 U.S.P. units per kg. body weight and that the requirement for
maximum growth is 64 U.S.P. units per kg. body weight. The concentration
of vitamin A in the blood increased with the vitamin A intake to 512 U.S.P.
units when maximum concentrations were obtained. The authors conecluded
that from the standpoint of both growth and liver storage, the daily intake
of vitamin A for young calves should be about 250 U.S.P. units per kg. of
body weight. . C.F.H.
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FOOD VALUE OF DAIRY PRODUCTS

115. The Dietary Importance of the Fatty Acids in Butterfat. ANoNy-
mous. Natl. Butter and Cheese Jour., 37, No. 1: 68. Jan., 1946.

A review of the subject released in ‘‘Dairy Council Digests,”” November,
1945, by National Dairy Counecil, 111 N. Canal Street, Chicago, Illinois.
W.V.P.

116. Nutritional Studies on Milk Fat. I. The Growth of Young Rats
Fed Milk Fat and Certain Synthetic Glycerides as Supplements
to a Fat-free Diet. J. L. HExpERsox, E. L. Jack, S. LEPKOVSKY,
Anp D. F. Rem, Division Dairy Ind., Univ. Calif., Davis, and Div.
Poultry Husbandry, Univ. Calif., Berkeley, Calif. Jour. Nutr.,
30, No. 3: 169-173. Sept., 1945.

Two trials were made using young rats fed a fat-free diet for the purpose
of comparing the following supplements for growth. One group received
twenty per cent butterfat as a supplement ; a second group, twenty per cent
triolein ; a third group, twenty per cent trilaurin; and a fourth group, ten
per cent each of triolein and trilaurin. The results showed that the rats fed
the milk-fat diet and the triolein diet grew faster than those fed the other
diets. There was no significant difference between the milk-fat diet and the
triolein diet with respect to growth. C.F.H.

117. Nutritional Studies on Milk Fat. II. The Growth of Young Rats
Fed Glyceride Fractions Separated from Milk Fat. E. L. Jack,
J. L. HenbErsoN, D. F. Rem, and S. LepPkovsky, Div. Dairy Ind.,
Univ. Calif., Davis, and Div. Poultry Husbandry, Univ. Calif,,
" Berkeley, Calif. Jour. Nutr., 30, No. 3: 175-181. Sept., 1945.

Ten groups of young rats were used in this study. Five glyceride frac-
tions separated from milk fat by precipitation from a solvent were fed as
supplements to a fat-free diet to weanling rats, and the gain in weight
measured. The growth responses placed the fractions in three groups. The
- 50° C. filtrate was superior to all other diets containing solvent-treated fat;
the —70° C. ppt. and the fat-free were the poorest; the others formed an
intermediate group. The diet containing natural fat which had not been
solvent-treated gave greater growth than any other diet. The diets contain-
ing the solvent-treated milk fats (natural, synthetic and composite) fell in
the intermediate group with no significant difference between them. The
authors suggested that either the oléic acid content or the total unsaturation
might be a factor contributing to differences in growth. The —53° C. frae-
tion contained more oleic acid than the other fractions, C.F.H.
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ICE CREAM

118. How to Make Ice Cream without Fluid Cream. C.D. DanLE, Penn-
sylvania State College, State College, Pa. Ice Cream Field, 46,
No. 6: 18. Deec., 1945.

It is pointed out that when fresh eream is not available, butter, plastic
cream, and frozen cream may be used to supply the necessary fat in ice
cream. Brief mention is made of the desirability of carefully selecting these
products if good quality ice eream is to be produced. If difficulty occurs in
getting the desired overrun in batch freezers when such products are used,
the addition of one-half per cent ege volk to the mix should improve whip-
ping conditions. . W.C.C.

119. The Future of Powdered Mix in Ice Cream. P. H. Tracy, Dept. of
Dairy Husbandry, Univ. of Illinois, Urbana, 111. Jee Cream Field,
46, No. 6: 22. Deec., 1945.

Powdered ice cream mix—a development of World War II—will likely
find household and commercial uses. It is stated that normally 15-20 per
cent of the housewives make their own ice cream. This should serve as a
potential market provided that powdered mix will reconstitute and whip
readily and have a good flavor. It is predicted that packaged powdered mix
will be generally available in grocery stores and that household mechanical
refrigerators will likely be equipped with small ice eream whipping units
and facilities for faster hardening. w.C.C

120. Use of Homogenized Cream in Ice Cream. Avrax LeiguToN, Bureau
of Dairy Industry, U. S. Dept. Agr., Washington, D. C. Ice
Cream Field, 46, No. 6: 30. Deec., 1945.

Experimental mixes in which all of the ingredients were mixed, then
pasteurized, homogenized, cooled, and aged were compared with mixes of the
same composition in which the cream was pasteurized and homogenized
before adding it to the rest of the ingredients after they had been pasteur-
ized, cooled and aged. The author used as a measure of the whipping prop-
erties of the various mixes the maximum overrun obtainable under the
experimental freezing conditions.

It is shown that 12 per cent butterfat mixes of satisfactory whlppmg
properties can be made from pasteurized, homogenized and aged cream.
If difficulty occurs, it is most apt to be with mixes made from 25 per cent
cream, it is stated. Longer aging periods for .the mix and the use of (a)
alginate, (b) gelatin-monoglyceride, or (e¢) carboxy methyl cellulose as
stabilizer improved the whipping properties of such mixes. W.C.C.
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MILK

121. The Methylene-Blue Reduction Test as a Means of Estimating the
Bacterial Content of Milk to Determine Its Suitability for Pas-
teurization or as a Basis for Grading. C. A. AseLg, Health Dept.,
Chicago, Ill. Jour. Milk Technol., 8, No. 2: 67. Mar.—Apr., 1945.

The U.S.P.H.S. Milk Ordinance specifies that raw milk produced for
Grade A pasteurized milk must have an average plate count not in excess of
200,000 per ml. or an average methylene-blue reduction time.of six or more
hours.

Since it was impractical and costly to make plate counts on all raw sam-
ples of milk because of the large number of farms from which the Chicago
supply is obtained, the methylene-blue reduction test was used. It was
found, however, that milk supplies meeting the six-hour average reduction
time requirement did not, in Chicago’s experience, result in a pasteurized
product, which uniformly met the requirement of a plate count of 30,000 or
less per ml.

A study was made comparing the reduction times with the plate counts.

In this study it would appear to justify the assumption that any milk
supply that had a reduction time of less than six hours is likely to have a
plate count in excess of 200,000 per ml. However, it also shows that when
the test is econducted according to Standard Methods (8th Ed.), that a rela-
tively large percentage of samples having a reduction time of more than six
hours will have a plate count over 200,000 per ml. It is obvious that the
rising cream sweeps many bacteria up with it, thus extending the reduction
time of the defatted portion, which is really the portion that determines the
reduection time of the sample.

When tubes were inverted at 30-minute intervals during incubation to
redisburse the fat and results compared with same samples when tubes were
not inverted, it showed that inverting the tubes gave a higher degree of
agreement betwen plate counts and reduction times. It was noted that most
of the reduction times were shortened by inverting tubes. L.H.B.

122. Observations Concerning the Methylene-Blue Reduction Test.
C. K. Jouns, Dominion Dept. of Agr., Ottawa, Canada. Jour.
Milk Technol., 8, No. 2: 80. Mar.—-Apr., 1945.

The methylene-blue test was first used largely for the rapid detection of
the poorer quality milks, and has been extremely useful in bringing about
improvement in the qnality of milk. It is not considered reasonably accu-
rate by some investigators, however, when the reduction time exceeds 5}
hours. Therefore, it is not surprising that the reduction time on the better
grades of milk have failed to show good correlation with the plate count.

The lack of correlation between plate count and reduction time may be
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due to a number of factors, namely, the reducing activity varies with the
species of bacteria present, and unfortunately, many of the types which are
heat resistant have weak reducing powers. The reduction time is influenced

. by the state of activity of the bacteria. Bacteria which are dormant from
prolonged refrigeration will require a longer time to reduce methylene-blue
than when in a more active state of growth. The sweeping of bacteria in
varying proportions to the surface by the rising butterfat is also a great
factor. Inversion of the tube at regular intervals will eliminate this factor.
The incubation temperature of 37° C. is not the optimum temperature for
many bacteria present in milk.

The plate count should not be considered as an infallible yardstick for
measuring quality. It merely indicates the number of colonies which de-
velop on a certain medium at a given temperature for a definite period.
When any of these specifications are changed, marked variations in the
counts may be obtained. Also, a colony on the plate count may be formed
from a single organism or from a clump‘of 100 or more.

The methylene-blue reduction test has an advantage in the size sample
used. On raw milk a dilution of 1: 1000 or higher may be used for the plate
count. © Thus, only one thousandth of a milliliter or less of milk would be
used as compared to 10 ml., or 10,000 times as large a quantity for the reduec-
tion test. . -

In view of the changes which have been made in both the methylene-blue
test and the plate count since the equivalent values for these two tests were
established by the U.S.P.H.S,, it is suggested that it would be desirable for
this organization to investigate the situation with a view to establishing a
new set of equivalent values, if necessary. L.H.B.

123. Practical Applications of Several Coliform Tests to Pasteurized
Milk. W. D. TiepEmaN anp S. E. SmitH, State Department of
Health, Albany, N. Y. Jour. Milk Technol., 8, No. 6: 323-330.
Nov.—-Dee., 1945,

The authors conclude that bottled pasteurized milk is not free from coli-
form bacteria, particularly during warm weather. The fermentation test is
not entirely satisfactory for examining the presence of coliform organisms
because the method does not differentiate milk containing 2 or 3 coliforms
per ml. as compared to milk with several thousands. A quantitative esti-
mate of these bacteria can be obtained by using desoxycholate or violet red
bile culture media.

A temporary year around standard for raw certified milk is less than 10
coliform organisms per ml. It may be possible to set a higher standard after
plants have reached a higher sanitary standard. Coliform organisms in
1 ml. of pasteurized milk can be obtained in clean sanitary plants.

HHW.
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124. Routine Examination of Milk for Added Water. Hermann C.
LiyrHGOE, Director, Div. of Foods and Drugs, Mass. Dept. of Publie
Health, Boston, Mass. Jour. Milk Technol., 8, No. 2: 101. Mar.—
Apr., 1945.

The following procedure is used in the laboratory: 1. Total solids are
determined by evaporation on a steam bath by Leach’s method; 2. Fat is
determined by the Babcock test. '

From these tests, samples suspected of being skimmed or watered are set
aside for further tests. Protein determinations are made on samples when
skimming is suspected, and when watering is suspected, the following tests
are made for the detection of added water: 1. The refractive index of the
copper milk serum; 2. The freezing-point test; 3. The ash of the sour milk
serum or the ash of the acetic acid milk serum.

The author reports that ‘“the freezing point of milk is more susceptible
to changes by the addition of water than are the other constants, but if
watering is suspected by this figure, further examinations should be made
to confirm this by using other methods of analysis. In all cases, where the
figures are not far from normal, samples of known purity are desirable, if
not necessary.’’ L.H.B.

125. The Effect of Temperature on Coliform Organisms in Milk and
Cream. Ernizasera D. RosinToN axp EwvizaBetH F. GEMING,
Dept. Bacteriology, Smith College, Northampton, Mass. Jour.
Milk Technol., 8, No. 2: 97. Mar.—Apr., 1945.

In tests made in this study, it was found that coliform organisms have a
greater ability to multiply in cream than in milk. Cream is apparently a
more favorable medium than milk.

Plates incubated at 20° C. for 48 hours showed much higher counts than
duplicate plates incubated at 37° C. for 48 hours.

Coliform organisms develop rdapidly even at refrigeration temperatures
of 8° C.

Preliminary tests indicated that Aerobactor aerogemes organisms in-
creased to a greater extent than did Escherichia coli organisms. In later
tests this did not always hold true. . L.H.B.

126. Report of Committee on Dairy Farm Methods. (Internatl. Assoc.
Milk Sanit.) Jour. Milk Technol., 8, No. 2: 95. Mar—Apr., 1945.

The committee has undertaken certain studies pertaining to the cleaning
and sterilizing of milking machines. The following four items were sug-
gested for study : '

Polyphosphates vs. Lye Storage.

Chlorine vs. Lye Storage.
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Dry Storage vs. Certain Types of Wet Storage.

‘Wetting Agents vs. Ordinary Cleansers.

Some brief studies were made and reported on Chlorine vs. Lye, which
indicated no advantage for either method.

Satisfactory results were reported in another instance regardless whether
rubber parts were stored in chlorine, lye, or dry storage. Hot water, chlo-
rine, or lye treatments also gave comparable results.

It was found that the attitude of the person doing the cleaning was impor-
tant. The results obtained by those with the ‘‘just get by’’ attitude were
invariably bad. L.H.B.

127. Coliform Organisms in Dairy Products and Their Control. E. L.
Fourts anD T. R. FREEMAN, Dairy Products Laboratory, Fla. Agr.
Expt. Sta., Gainesville, Fla. Jour. Milk Technol., 8, No. 2: 89.
Mar.—~Apr., 1945.

A brief history of both Escherichia coli and Aerobacter aerogenes and
the possible significance of each is given.

Their presence in raw dairy products is generally accepted, but when
good sanitary practices are used, their number will be small.

In well-managed and operated pasteurizing plants, coliform organisms
are seldom found in 1-ml. portions.of freshly pasteurized milk. When they
are, it usually indicates recontamination after pasteurization, or improper
pasteurization. .

When fresh pasteurized bottle milk shows a positive coliform test, a
““line test’’ should be made to find the source or cause of the contamination.

Thorough washing and sterilization of all equipment is of utmost im-
portance.

Charts are given illustrating in a diagrammatic way the methods used in
the laboratory to determine the presence of coliform organisms in dairy
products. L.H.B.

128. Efficient Refrigeration in the Dairy Plant. LeoN Buenrer, Chief
Refrigeration Engineer, Creamery Package Manufacturing Co.,
Chicago, Ill. Jour. Milk Technol., 8, No. 2: 85. Mar.—Apr., 1945.

Adequate and properly controlled refrigeration is necessary for quality
products in the dairy industry. The cost of producing this refrigeration is
an important item in production costs. .

The factors effecting the energy costs for operating the refrigeration
plant are discussed and some simple basic rules for keeping energy require-
ments to a minimum are given. These rules are:

‘1. Operate at lowest practical head pressure.

a. Provide adequate condensing surface.
b. Use coldest condensing water available in liberal quantity.
Scarcity of water, high cost, or inadequate drainage may neces-
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sitate reduced quantity or use of cooling tower, spray pond, or
evaporative condenser.

Keep condensing surface clean and free from scale.

Keep system free of noncondensible gas. (Purge.) .

2. Operate at highest possible evaporating temperature.

a.
b.

.

Provide adequate cooling surface.

Keep cooling surface clean of oil on ammonia side and clean of
ice., ete., on other side.

Avoid restrictions in suction line. Back pressure valves may be
employed for temperature regulation and are a most effective
control means. They do, however, violate this rule for highest
efficiency.

Balance compressor capacity closely to the load. (Refer back
to conclusion number 5)—To attain highest efficiency with fluctu-
ating loads, the plant must be very flexible. Capacity control
means include multiple compressor units, speed adjustment, and
control attachments to the compressor such as clearance control,
cylinder by-pass, or holding suction valves open. Such attach-
ments have rather large losses so that their use does not give the
full saving one could expect from the rise in evaporator tem-
perature. In practice it is not possible to provide enough flexi-
bility for operation at optimum conditions at all times.

Use direct expansion equipment. The use of chilled water or
brine entails an extra temperature split and results in lower
evaporator temperature,

‘Where cooling to various temperature levels is required (example
milk cooling and ice cream freezing), provide compressors for
each level so as to operate at highest efficiency for each tem-
perature.

Cool product or space to temperature no lower than necessary.

3. Keep refrigeration requirements to a minimum.

L
2.

Provide adequate insulation.

Cool product as low as possible by regeneration eycle in pas-
teurizing (incoming cold raw milk cools hot pasteurized milk)
or by water before using mechanical refrigeration.””

It is stressed that the refrigeration equipment be balanced against the Joad.
Standby equipment is desirable. L.H.B.

129. A Correlation of the Resazurin Grade with the Standard Plate
Count of Raw Milk. N. S. GorLpiNg aND 8. J. GORGENSEN, Agri-
cultural Experiment Station, State College of Washington, Pull-
man, Washington. Jour. Milk Technol., 8, No. 4: 189-195. July-
Aug., 1945.

The authors compared the resazurin test (Lovibond comparator at 10-,
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30-, and 60-minute intervals) with bacterial count of raw milk as suggested
in Standard Methods. The results were summarized as follows: (1) The
resazurin test correlated with the standard plate count, even with milk
from widely different sources, and (2) The 60-minute incubation period
gave the most consistent results. _ HHW.

130. Clean Up or Close Up! Harvey WEeavers, Wisconsin Department
of Agriculture, Madison, Wis. Natl. Butter and Cheese Jour., 37,
No.1: 42. Jan., 1946.

The demand in the dairy industry has changed from quantity to quality.
Standards are being raised under which all foods are produced and
marketed. Quality control is made difficult by acceptance of inferior milk,
use of improperly cleaned or defective cans, faulty farm and plant sanita-
tion, defective equipment, improper cleaning and sterilization, lack of pest
control, inadequate toilet and hand washing facilities, improperly trained
help, poor labor supervision, undesirable plant surroundings, and lack of
coordination of plant responsibilities and activities. Undesirable conditions
in the industry must be cleaned up. Leading plants are maintaining
quality by special attention to the quality of milk and cream received. This
is accomplished with quality records, field services, rejection of unsuitable
delieveries, premium payments for superior quality, and discouragement of
marginal producers.

PHYSIOLOGY

131. The Levels of Ovarian Hormones Required to Induce Heat and
Other Reactions in the Ovariectomized Cow. S. A. AspeLL, J.
DEALBA, AND J. S. RoBerTs, Cornell Univ., Ithaca. N. Y. Jour.
Animal Sei., 4, No. 3: 277-284. Aug., 1945.

Grade dairy heifers from two to three years of age‘were ovariectomized
and used for this study. An average dose of 600 rat units of estradiol-
benzoate per day for three days was required to bring ovariectomized heifers
into heat. The duration of heat was usually less than one day even though
the injections were continued. The mean dose of stilbestrol needed to
bring the ovariectomized heifer into heat was 0.255 mg. Uterine muscles of
heifers eStrogenized after ovariectomy had the same reactions as that of
heifers in heat. They were inert to pituitrin, epinephrin, lentin, and
arecolin. Progesterone in doses of 35 rabbit units or more given for six
days produced the same reactions in the uterine musele as those found in
heifers during the diestrum. The average length of the uterine musecle cells
was greater in the estrogenized heifers than in the ovariectomized controls.

C.F.H.
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" MISCELLANEOUS

132. Refrigeration Abstracts. Amer. Soc. Refrig. Engin. J. Mack
Tucker, University of Tennessee, Editor. Pub. Quarterly. Edi-
torial Office, Ferris Hall, University of Tennessee, Knoxville, Tenn.
General Office, 40 West 40th Street, New York 18, N. Y. $7.00 per
vear.

The first number of Volume 1 published January, 1946,

Refrigeration Abstracts is being inaugurated by the American Society
of Refrigerating Engineers to provide the profession and industry with an
adequate index to the literature of refrigeration and the allied fields. A
staff of 58 abstractors has been chosen on the basis of their specialized knowl-
edge of the subjects which are assigned to them and because of ther ability
to prepare impersonal briefs or abstracts rather than critical reviews. - The

" evaluation of the original articles will be left to the users of the journal:

The abstracts are covered under the following classes: 1—General; 2—

Natural Sciences ; 3—Engineering ; 4—Engineering Materials; 5—Refriger-

ating Media; 6—Thermal Insulating Materials; 7-——Machinery and Equip-

ment ; 8—Foods; 9—Patents. A list of 347 publications is given which the
abstracting staff will cover. Two pages of abbreviations and symbols are
presented which will be used in the abstracts to conserve space. The final
pages are devoted to the author index. It is to be hoped that in future num-
bers there will be less abstracts that are titles of articles only. The user of
an abstracting service should be provided with at least a modicum of digest
of the subject matter of an original article if it is deemed worthy of con-
sideration at all. * L.M.D.

133. High Speed Defrosting of Frozen Eggs. Wwm. H. CaraCART, Di-
) rector, National Bakery Div. Lab., Great Atlantic & Pacific Tea
Co. Ice Cream Field, 46, No. 6: 64. Dec., 1945.

Quality ‘as appli&i to eggs is defined as pureness, freshness, good flavor
and high nutritional value. In addition to proper freezing and storage,
rapid defrosting is necessary if quality is to be maintained.

Various methods of defrosting eggs now in use by the industry are out-
lined. The best of these methods requires about 9 hours to thaw a 30-pound
tin of frozen eggs and results in about 40 per cent increase in bacteria con-
tent and is the only one of these that gives a produect that is normal in body
and consistency, the author states. An adaptation of eleetronic equipment
devised for several industrial uses not related to food, made possible defrost-
ing 15-hour items in 15 minutes and 4-hour items in 15 seconds, the author
claims. Electronic defrosting is so rapid that there is no time for chemieal
changes to oceur during the process, furthermore, it is stated that there is
no breakdown in the fiber and structure of the food, and bacterial growth
is held to a negligible minimum. W.C.C.
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natural flavor . . .
low bacteria count

at VON ALLMEN BROS. DAIRY, Louisville, Ky.

“The high quality product we are producing with the Mojonnier
16-Second Pasteurizing System is the largest contributing factor in our
growth, which more than doubled during the first year of our opera-
tion,” said Mr. Julius Von Allmen, President.

Handling 5000 Ibs. of milk per hour, practically all Von Allmen prod-
ucts are run through this system.

Write for full details today to:

MOJONNIER BROS. CO.

4601 W. OHIO STREET L] CHICAGO 44, ILLINOIS

SHORT-TIME PASTEURIZING SYSTEM

Your advertisement is being read in every State and in 25 Foreign Countries




JOURNAL OF DAIRY SCIENCE

A MICROSCOPE FOR EACH EYE

Spencer Stereoscopic Microscopes  6x to 14x. For descriptive litera-
provide a complete microscope op-  ture on Spencer Stereoscopic Mic-
tical system for each eye, thereby roscopes write to Dept. D28.
creating vivid depth perception.

They are noted for largefield ... American w Optical
COMPANY

Scientific Instrument Division

of focus. Magnifications range from Buffalo 15, New York

brilliant resolution . . . great depth

Your advertisement is being read in every State and in 235 Foreign Countries
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8 Years

of Full Page and Dguble Page Ad-
vertising, in great national maga-
zines like these, stand back of this
label.

Ice cream, enriched with dextrose,
is easier to sell, becouse 8 out of
10 people know that dextrose is a

genuine food-energy sugar.

DEXTROSE

SUGAR

made by
THE MARERS OF
KARO SYRUP

COAN FROOVETS
REriniNe €O
MW YoRs. u.m A

CERELOSE i dextrose

CORNPRODUCTS SALES COMPANY
17 BATTERY PLACE NEW YORK 4, N. Y.

QUALITY MILK
PRODUCTION

. NEW METHODS

e Better Way

KLEER-MOR

Completely emulsifies and
removes heaviest fots and
greases on all milking
equipment and utensils,
Not affected by hord water

mo to hands — sudses
ly — rinses free.

NU-KLEEN

Replaces clkali and lye
solutions, It eliminates
milkstone — not b& removal
—but by KEEPING IT OFF.
Quick, efficient, sofe, eco-
nomical.

KLENZADE X-4

Is the sure, effective, low
cost bactericide for sonitiz-
ing milking equipment and
utensils. Acts quickly —
simple to use — saofe —
Ieaves no film—no sediment.

et
KLENZADE PRODUCTS

INCORPORATED

.
BELOIT, WISCONSIN
CHEMICAL CLEANING SPECIALISTS SERVING THE
DAIRY INDUSTRY WITH CONVENIENTLY LOCATED
BRANCH OFFICES, WAREHOUSES AND DISTRIBUTORS
IN PRINCIPAL CITIES THROUGHOUT THE NATION

Your advertisement is being read in every State and in 25 Foreign Countries
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A Seal-Kap’s perfect closure on
clear glass bottles assures the utmost
health protection. And Seal-Kap protec-
tion is continuous from the moment it
caps the bottle right through to the time
the last drop is used.

First, during handling and delivery,
no dangerous impurities can touch the
pouringlip because Seal-Kaps completely
shield this vital area. Later, in the home,
Seal-Kaps prevent wasteful, messy fork-
prying because Seal-Kaps come off with
only a quick, easy twist of the wrist.
And tough, durable Seal-Kaps go back
on again, as often as necessary with a
tight-fitting snap, to prevent spilling and
food contamination.

Today, more than ever, the nation
needsallits vital milk supplies. Seal-Kaps
keep pure milk pure right down to the
last drop.

AMERICAN SEAL-KAP CORPORATION

11-05 44TH DRIVE, LONG ISLAND CITY 1, N. Y.

J

Bactericides

are
different

Here’s proof!

DISINFECTANT
o

oroeol Becteria—Meld
poilege:

BACTERICIDE =
g

BULLETIN

10 REASONS WHY IN

Send for this free bulletin,
Diversol . .

It shows why
. with its 10 ‘“action’’ features

. is different from ordinary bactericides.
A quick acting, erystal sodium hypochlorite,
Diversol helps control- bacteria, mold and
yeast . . . guards against spoilage . . . helps
protect taste and flavor. Softens hard water

. . . leaves no film or scale. Send for your
copy of this interesting bulletin, today. The
Diversey Corporation, 53 W. Jackson Blvd.,
Chicago 4, Ill.

Your advertisement is being read in every State and in 25 Foreign Countries
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Write for further details.
ETuRING C RNy t

1000 WIDENER BUILDING, PHILADELPHIA 7, PA.

Dept. DS, BK Division
PENNSYLVANIA SALT

M ANUF

FLAV-0-LAC
FLAKES

THE CULTURE

of definitely better
.flavor & aroma-pro-

ducing qualities.

The standard with

foremost operators,
agricultural schools &

e STANDARD G\

colleges. ,fﬂm_a‘zmon‘ﬂﬁuvk
FLAV-0O-LAC FLAKES
CHEESE RENNET AND COLOR (shown) produce a
quart of the finest
ANNATTO BUTTER COLOR starter on a single
propagation. Single
CERTIFIED BUTTER COLOR boities’ $2.00:
SPECIAL FLAV-0-LAC FLAKES “40”
ICE CREAM COLOR . produce 40 quarts of starter on a single prop-
LACTIC FERMENT CULTU RE agation. Single bottles $3.00.
Free Culture Manual of Fermented Milk Prod-
BULGARIAN CULTURE ucts on request.
Pioneers in Spectro-chemical, Chemical and
* Fluoro-photometric Determinations of Vitamins
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* DAIRY- LABORATORIES

23rd & Locust Sts., Phila.,, Pa.

Chr Hansen's Laboratory, Inc.

BRANCHES
New York . Baltimore ‘Washington
Milwaukee 14, Wisconsin See our catalog in Dairy Industries Catalog
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Ice is “natural”
Refrigeration is “artificial’’

NATURE and SCIENCE
WORK TOGETHER TODAY

WHICH do you use today . . . ice cut from a Winter lake,
or the man-made refrigeration? The vanilla used in
Michael’s Mixevan is the product of the orchid plant.

The vanillin is a synthesis of tropical spices. The combination
is modern, progressive. It brings Controlled Flavor to

your vanilla ice cream. Let’s be sensible on the

question of what is natural
and what is artificial. Let’s

o o
Mixevan —“America’s Flavorite

shoot for results in the fin- e sacodered sanilla products
ished product. DAVID MICHAEL & co.

half a century in the ﬂavor'ing field
ts, Philadelphia22,Pa.

Front and Master Stree

Your advertisement is being read in every State and in 25 Foreign Countries
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Reduce Plate Counts
This Low-Cost Way!

AIRY technologists know that in chemical
D sterilization, pH value of a chlorine solu-
tion influences the rate at which the chlorine
becomes available. Oakite Bactericide as-
sures lower bacteria counts because its ex-
tremely low alkalinity (solution pH is about
8) accelerates the bacteria-killing action of
available chlorine . . . to provide faster de-
struction of a greater number of micro-organ-

isms.

Used in recommended solutions, this germi-
cidal agent economical, easy to handle.
Write TODAY for your FREE copy of 32-page
Oakite dairy sanitation booklet.

OAKITE PRODUCTS, INC., Dairy Research Division
16G Thames Street, New York 6, N. Y.

Technical Service Representatives Locoted in All
Principal Cities of the United States ond Conoda

OAKITEs«“CLEANING
MATERIALS - METHODS - SERVICE - FOR EVERY CLEANING REQUIREMENT

is

Maiafiau
Curest CooR

W arnosetiall
RENNET and COLOR

For best results in the cheese
vat, specify Marschall’s. High
in strength, pure and uniform.

MARSCHALL

DAIRY LABORATORY, INC.
MADISON 3, WISCONSIN

- So you think
HE’S fast/

Just because a guy can run 100 yards in less than
10 seconds, you compare him to a flash of light-
| ning. Listen a minute, while we tell you about a
i salt that's fast . . . and why it's important to you.

In salting butter, salt must dissolve with lightning

speed. If the butter is on the soft side, butter

salt must dissolve so quickly that overworking is

avoided. Otherwise, the butter may became mot-

tled or marbled, lose its moisture, become leaky.
| Yet, if the salt is not properly dissolved, the butter
may be gritty. So, remember that Diamond Crystal
Butter Salt dissolves completely in water at 65° F.
at an average rate of 9.2 seconds,

On the other hand, there are instances where slow
solubility of salt is highly important . . , such as in
salting cheese, Here slow solubility prevents salt
being lost in whey, producing undersalted cheese.
To meet all these problems, we have set up defi-
nite solubility standards for Diamond Crystal
Salt.

Need Help? Write For It!

If salt solubility enters into your processing, write
to our Technical Director. He'll gladly recommend
the correct grade and grain of Diamond Crystal
Salt for best results. Diamond Crystal, Dept. H-15,
St, Clair, Michigan.

DIAMOND CRYSTAL

.@ g er
Werser GALT
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NOTICE TO CONTRIBUTORS

Authorship of Original Articles 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. In the case of joint
authorship the membership ruling applies to one author only.

Papers that have already appeared in print or that are intended for simulta-
neous publication elsewhere, will not be accepted.

Manuscripts—Manuseripts should be submitted in double spacing on one side
of suitable 8%”x11” paper. The original ecopy—not the earbon—should be fur-
nished, packing it flat—not rolled or folded. All illustrative and tabular material
should accompany the manuseript. The position of each illustration and of each
table should be clearly indicated in the text.

In the case of manuseripts, other than review articles prepared by invitation,
that contain more than 12 printed pages, the author is charged at the rate of $5.00
per page for all pages in excess of twelve. This charge is omitted in the case of
articles of extraordinary merit.

Manuseripts voluntarily submitted, when approved for publication, will be pub-
lished in the order of their receipt. Manuseripts should be sent to the Editor, T. S.
SurroN, Plumb Hall, Ohio State University, Columbus, Ohio.

Drawings.—Drawings, diagrams and charts for illustrations should be prepared
for reproduction as line drawings or halftone engravings. The original drawings
should be done in India ink on white or blue-white tracing cloth, tracing paper, or
Bristol board and neatly lettered in India ink. Legendary material on the drawing
should be neatly lettered in India ink—not typewritten.

The original drawings—not photographs of the drawings—should accompany
the manuseript. Illustrations not in proper finished form will be prepared for pub-
lication and the author charged for the cost of the work.

Photographs.—Photographs for halftone reproductions should be glossy prints,
free of all imperfections.

Legends—All illustrative materials, both drawings and photographs, should be
accompanied by appropriate legends, typewritten on a separate sheet of paper.

Tabular Material.—Tabular material in the manuseript should be clear, concise
and accurate. Simple tables are more effective than complicated ones. If possible,
tables should be so organized that they may be set crosswise of the page. In many
instances it is possible to materially improve the appearance and usefulness of
tabular material without sacrificing completeness of information, by condensing
detailed data and presenting them in a simple table summarized form.

References—References should be listed alphabetically as to authors and num-
bered; and citations in the text should be made by the number in parentheses, eorre-
sponding to the number in the reference list.

Each reference should contain the following data in the following order: Name
and initials of author or authors; title of the article referred to; principal words in
the titles of all articles should be capitalized; name, volume, number, page number
and year of publication.

Abbreviations of the titles of publications should conform to the standard set
by the United States Department of Agriculture given in U. S. Dept. Agr., Mise.
Pub. 337, April, 1939.

For uniformity of punctuations the references should conform to the following
example: (1) Jones, L. W., axp SmiTH, J. D. Effect of Feed on Body of Butter.
Jour. Darry Scr., 24: 4, 550-570. 1941.

References should be carefully checked for accuracy by the author.
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Detection of

Coliform Bacteria

BACTO-BRILLIANT GREEN BILE 2%

is recommended for the detection of coliform bacteria. This
medium conforms in every way to the brilliant green lactose
peptone bile described in the current of ‘‘Standard Methods
for the Examination of Dairy Products’ and in ‘‘Standard
Methods of Water Analysis’’ of the American Public Health
Association. Results obtained by the direct inoculation of
water, milk and dairy products or other food materials into
fermentation tubes of this medium are reliable and accurate.

BACTO-FORMATE RICINOLEATE BROTH

is also employed for the detection of coliform bacteria. The
medium is used in fermentation tubes which are inoculated
directly with the sample or dilution, Bacto-Formate Ricinoleate
Broth conforms to the ¢‘Standard Methods’’ formulae.

BACTO-VIOLET RED BILE AGAR

is recommended in ‘‘Standard Methods for the Examination
of Dairy Produects’’ for the direct plate count of the coliform
bacteria. This medium is especially prepared for direct
enumeration of coliform bacteria in water, milk and other
dairy or food products. Upon plates of medium prepared
from this product subsurface colonies of the coliform types
are generally surrounded by a reddish zone of precipitated
bile. Due to the inhibitory action of the medium toward
other types accurate counts are obtained after incubation for
only 18 hours.

Specify “DIFCO”

THE TRADE NAME OF THE PIONEERS
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media.

Dirco LABORATORIES

INCORPORATED
DETROIT 1, MICHIGAN
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