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milk delivery system is to improve the’

GLASS milk bottle. Owens-Illinois has
done this with the DURAGLAS Handi-
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THE

Perty Ry Resenroh

In the two-billion-gallon ice cream year to come,
over one billion gallons will be vanilla! Naturally,
with one flavor affecting such a large percentage
of all ice cream sales, the entire industry has a
vital interest in vanilla raw material research.

Studies in growing and curing at the Hacienda
Miguel vanillery in Puerto Rico have been show-
ing considerable promise of late—certainly suffi-
cient to warrant giving the ice cream industry
these highlights.

It was in 1919 that vanilla cuttings from
Mexico were first reported as a “promising new
crop for Puerto Rico.” The soil and climate gave
evidence that high quality beans could be devel-
oped on this island possession. However, the 1928
hurricane wiped out much of the progress that
had been made.

Vanilla growing again received renewed atten-
tion in 1933. Five years later (1938) David
Michael & Co. bought a plantation and started
to work directly with the growing and curing of
vanilla beans.

The choice of Puerto Rico for the vanillery had
special advantages. It is the only spot in the
world where technical control can go hand in
hand with the growing and curing. The planters
of Madagascar must look to far off France for
technical guidance. In Mexico, the plantings are
far removed from any possible laboratory control.

But in Puerto Rico, the Federal Experiment
Station at Mayaguez, and the facilities of the
University of Puerto Rico, with a]l their scientific
laboratories and research staffs are “right around
'the corner”” from Hacienda Miguel.

At present, much work is being done with
experiments in curing. You could not be closely
associated with a plantation for very long with-

out having it cross your mind that ALL PRESENT
CURING METHODS ARE QUITE PRIMITIVE. The
alternate sunning and sweating of the harvested
beans over a period of months certainly lacks
modern scientific advantages. And so, indepen-
dently and in cooperation with the other agen-
cies, we have been finding that much better
results can be obtained in the cured beans by
methods using scientific controls. It remains for
further experiments to reveal which of these
scientific methods will produce the best results.
But it is already clear that improved products
will come about from this work in Puerto Rico.

These modern curing methods will make it
possible to harvest beans at the peak of their
perfection—whereas present primitive curing
necessitates the picking of beans before maturity.

The third point of interest is that experimen-
tation is being carried on with hybrid vanilla.
This cross pollinating might in itself result in an
important future variety.

David Michael & Co. feels that in Mixevan it

, has produced the finest vanilla flavoring possible

—designed for the special requirements of the ice
cream industry. Years of experience have gone
into the processing of the added vanillin and the
best vanilla beans that the markets could pro-
vide. The next step must be the improvement
of the beans themselves.

And that is the reason for the Puerto Rico

research.

[P 14
Mixevan—"4 merica’s Flavorite
and other powdered vanilla products

DAVID MICHAEL & CO.

half a century in the flavoring field
nt and Master Streets.?hiladelphu 22,Pa.
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ou weigbe
the results...

(4
A
Have you weighed the results of too much emphasis on the magic of b/ :T‘ ‘\.\‘
“Sterilizing” agents . . . when not nearly enough thought was given to P/ 1 '-\‘
. . .y - (M)
the physical cleanliness of the part to be ‘“‘Sterilized” ? 2 Y ¢
1 . / ) 0N
We have weighed such results. .. over a period of more than 20 years. B 14 15
Wherever practiced . . . regardless of type of milking machine used. .. G &

the results were uniformly bad.

Speaking of “Sterilizing’’ agents Dr. W. L. Mallmann, Professor of Bac-
teriology and Public Health at Michigan State College, says:

"“Based on our present day knowledge of present sanitizing
agents, it can be definitely stated that sanitization is possible

ONLY when the surface is free of soil and surface film of

either organic or inorganic nature.”

In farm language this means that a dirty milk utensil . . . though chlorine,

lye or heat treated is still dirty ... and unfit for use in the production of
safe, high quality milk.

To the processing plant it means that the greatest source of Thermoduric
bacteria must be physically removed . . . not merely surface treated.

There is still no magic compound which will take the place of thorough
scrubbing.

You can be a vital force in building a greater postwar market for all
dairy products, by preaching, encouraging and insisting that all milk
utensils . .. particularly milking machines, be scrubbed clean for every
use . . .regardless of the “Sterilizing” method or agent you think best.

BABSON BROS. CO.
2843 West 19th Street, Chicago 23, Il

SYRACUSE + MINNEAPOLIS * KANSAS CITY « LOS ANGELES + HOUSTON +« SEATTLE
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IT TAKES

Both

FOR BEST MILKING/

DE LAVAL MAGNETIC
SPFEDWAY MILKER

Results . . . over a period of many
years, on thousands of farms ... prove
fast and uniform milking are both es-
sential to best milking.

The cow responds best and gives her
maximum yield to uniform, regular
milking. Dairymen know that change
and variation in milking speed and ac-
tion . . . such as switching hand milk-
ers . . . result in lowered production.

Fast milking . .. with proper cow

preparation results in healthier
udders . . . time savings . . . better pro-
duction . . . less strippings and closer

sanitary control.

DE LAVAL STERLING MILKER

The De Laval Sterling Milker is particularly
adapted for those to whom lower price is an im-
portant consideration. The Ster-
ling Pulsator has only two mov-
ing parts, gives positive milking
speed and action that pleases the
cow. De Laval Sterling single
or double units may also be used
on any other make of single pipe
line installation.

NEW YORK ¢
165 BROADWAY

THE DE LAVAL SEPARATOR COMPANY

CHICAGO ¢
427 RANDOLPH ST.

The De Laval Magnetic Speedway
Milker . . . with pulsations controlled
at the Pulso-Pump by magnetic force
. . . provides correct, uniform milking
day after day without change. Fast
milking is a built-in quality of the
De Laval Magnetic Speedway ... a
direct result of its uniform, regular ac-
tion . . . uniform, correct vacuum . . .
and comfortable, properly fitting, pleas-
ing action test-cups.

Only in the De Laval Magnetic
Speedway can you get both fast and
uniform milking . . . essential to best
results. And isn’t that the kind of
milking you want for your herd?

DE LAVAL SEPARATORS

De Laval Cream Separators skim
cleaner, last longer, cost less per year
of use and earn more. They produce
highest quality cream and may easily
be washed in a few minutes’ time
under ordinary farm conditions.
Made in a wide variety of sizes ==
and styles and at prices to meet K’

every need and purse. Hand or [

motor drive.

SAN FRANCISCO 19
61 BEALE ST.

Your advertisement is being read in every State and in 25 Foreign Countries
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Lilac St. Mawes Remus Rex, the highest living tested sire of the Jersey breed with an aver-
age production on his first ten daughters of 10,977 Ibs. milk, 5.919,, 649 lbs. fat, calculated
on a 305 twice a day milking basis.

JERSEYS ARE GREAT PRODUCERS

These, his daughters, make him great.

PeHmericancSersey Carfe CRub

324 \Vest 23r0 Street
NEW YORK I1:+*NEW YORK

Your advertisement is being read in every State and in 25 Foreign Countries
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STUDIES ON THE STABILIZATION OF CAROTENE IN
DEHYDRATED FEEDS AND FOODS*

R. C. MILLS AND E. B. HART
Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison

Dehydrated alfalfa produects, because of their carotene content, are used
to a large extent: to supply the vitamin A activity of mixed animal and poul-
try feeds. The relatively rapid loss of carotene from some dehydrated plant
materials during storage makes difficult the maintenance of adequate vita-
min A activity in feeds throughout the year, and any practical method of
stabilizing the carotene would be of great importance. _

Numerous reports have appeared on the instability of carotene in dried
plant tissues and the conditions of storage which affect it. Fraps and
Treichler (6) reported that alfalfa leaf meal stored at room temperature
lost 50 per cent of its carotene in 11 months, and most investigators since
then have found similar losses. The temperature of storage is an important
factor in determining the rate of carotene loss. Smith (27), Taylor and
Russell (29), Wall (30), Fraps and Kemmerer (5), and Wiseman, Kane
and Cary (33) all found that the loss of carotene from alfalfa meal was
fairly rapid during the summer and very slow during the winter. Guilbert
(8) stated that a 10-degree rise in temperature approximately doubled the
rate of loss of carotene. Russell, Taylor, and Chichester (24) found no
loss of carotene in alfalfa stored in vacuo at 0° C. Wilder and Bethke (31)
found that losses of carotene from machine-dried alfalfa meal ranged from
10 per cent in 6 monthes at — 23 to —26° C. up to 98 per cent in 16 days at
80° C. They also found that the kind of container (burlap or paper bags)
made no difference in the rate of loss, as did Kon and Thompson (13), and
that pellets lost carotene at practically the same rate as loose meal. Storage
in sealed tin cans 4n vacuo or under nitrogen, either at room temperature

Received for publication June 22, 1944.

* Published with the approval of the Director of the Wisconsin Agrieultural Experi-
ment Station.

We wish to thank Cerophyl Laboratories, Inc., Kansas City, Mo., for the samples of
dehydrated alfalfa and oats; Hoffman-LaRoche, Inc., Nutley, N. J., for the samples of
glucoascorbic acid, d-isoascorbic acid, and Na-isoascorbate; the Warriner Starch Co., St.
Francisville, La., for the dehydrated sweet potatoes and Prof. P. B. Pearson, Agrieultural
and Mechanical College of Texas, College Station, Texas, for the dehydrated diced carrots.
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2 R. C. MILLS AND E. B. HART

or at 37° C., resulted in little or no loss of carotene. A report from the
New Jersey Experiment Station (20) stated that dehydrated alfalfa meal
mixed with blackstrap molasses lost 44 per cent of its carotene in 102 days,
while the untreated meal lost 70 per cent. In a preliminary report Silker,
Schrenk, and King (26) found that there was a less pronounced loss of
carotene when thiourea, hydroquinone, diphenylamine, or sodium cyanide
was added to the alfalfa before dehydration. The only really effective ways
of retaining carotene in dehydrated plant materials are to store at low tem-
peratures or to remove the air and store in vacuo or under inert gases.

The stabilization of carotene in solution, on the other hand, can be suec-
cessfully accomplished by the addition of any of a number of antioxidants.
Among those used up to date are hydroquinone (Olcovich and Mattill (21)),
alpha-tocopherol (Sullmann (28)), a combination of hydroquinone and
alpha-tocopherol (Quackenbush, Cox, and Steenbock (23)), diphenylamine
(Williams, Bickoff, and Van Sandt (32)), and phenyl-alpha and beta-
naphthylamine (Morgal, Byers, and Miller (19)).

The present studies were undertaken to determine the effect of various
treatments, reducing agents, and antioxidants upon the stability of carotene
in dehydrated alfalfa, unjointed cereal grasses, carrots, and sweet potatoes.

METHOD OF CAROTENE ANALYSIS

The method of carotene analysis used throughout these experiments is
a combination of the rapid extraction method of Moore and Ely (18) using
a Waring blender and a foaming solvent, and the method of Hegsted, Porter,
and Peterson (10) for the removal of impurities from the petroleum ether
solution by means of aqueous diacetone. The method is as follows:

The weighed sample of dry material, usually one gram, is placed on a
filter paper in a funnel and wet with hot tap water. The excess water is
removed from the sample by applying mild suction, and the sample is washed
into the container of a Waring mixer with 100 cc. of 95 per cent ethyl alecohol.

- Sixty-five ce. of Skelly-solve B are added, and the blender run for 5 minutes.
(If the mixture does not foam during the stirring, additional alcohol is
added until foaming does occur.) The residue is allowed to settle, and the
extract is poured into 30 ce. of 10 per cent alcoholic KOH. The residue is
extracted again for 2 minutes with a mixture of 40 ce. of alecohol and 30 ce.
of Skelly-solve B. After settling, the extract is poured off and combined
with the first extract. The residue is washed into a beaker with about 30
ce. of Skelly-solve B. The basic extracts are filtered, and the filter paper
washed with the Skelly-solve wash. The filtrate is added to 40 ce. of water
in a 500-cc. separatory funnel and shaken. The upper Skelly-solve layer
is removed, and the alcohol layer is reextracted twice with 25-ce. portions
of Skelly-solve.

The Skelly-solve extracts are combined, and washed with three 150-cc.
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portions of water. The Skelly-solve solution is then washed with 20-ce. por-
tions of aqueous diacetone (100 cc. acetone-free diacetone plus 6 ec. water)
until the lower diacetone layer is colorless (4-6 washings). The Skelly-
solve layer is then carefully washed once by pouring water through (without
shaking) until all cloudiness disappears. The volume of the Skelly-solve
solution is then measured, and the concentration of carotene determined
with an Evelyn photoelectric colorimeter, with the 440 my filter. A standard
curve was made, using crystalline carotene (90 per cent beta and 10 per
cent alpha), and the concentration of carotene in the unknown solution is
read directly from the curve. The calculation is as follows:

ug./ce. x volume of extract in ce.
P wt. of sample in gm.

The sample is wet before extraction because better extraction results, as
shown by Moore and Ely (18). No further carotene can be removed from
the sample after the two extractions, and extraction with an alkaline solution
gives values no higher than with the neutral solvents, as shown in table 1.
Crystalline carotene can be carried through the entire procedure without
appreciable loss. )

The method as described gives results reproducible within 5 per cent.
‘When results obtained by this method are compared with those obtained by
passing the Skelly-solve solution through a column of activated CaHPO,
(Moore (17)) according to the method of Moore (16), there is no appreciable
difference (table 1). Diacetone and the CaHPO, column leave the same
amount of chromogen in solution, and the CaHPO, removes no chromogen
from the diacetone-washed solution. Hauge et al. (9) reported that extrac-
tion of the non-carotene pigments from solutions from alfalfa hay with 94
per cent diacetone alcohol gave carotene values in close agreement with those
obtained by adsorption upon a dicalcium phosphate column. Berl and
Peterson (3) obtained similar results when determining carotene in butter.

It has been shown by Kemmerer and Fraps (11) that the carotene solu-
tions secured from plants by any of the usual methods of carotene determi-

TABLE 1

Effect of analytical results of variations in procedure of analysis of
dehydrated oats

Carotene
ng./gram
1. Assay as described—old sample oats 219
2. Final solution from 1 passed through CaHPO, column ... 212
3. Assay as described, except KOH added before extraction instead of after 224
4. Assay as described—new sample oats 617
5. Duplicate of 4 612
6. Final solution from 4 passed through CaHPO, €0lumn ... 625
7. Shelly-solve solution passed through CaHPO, column instead of being
extracted with diacetone 626
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nations, except chromatographic separation with ealcium hydroxide, usu-
ally contain three or more yellow pigments in varying percentages. These
pigments were classified as beta-carotene, neo-beta-carotene, impurity A,
carotenoid X, -and occasionally alpha-carotene and neo-alpha-carotene.
Carotenoid X, which was later identified by these authors (12) as neo-beta-
carotene U of Polgdr and Zechmeister (22), has no vitamin A potency. The
neo-beta-carotene of Beadle and Zscheile (1) was identified as neo-beta-caro-
tene B of Polgar and Zechmeister, and has approximately one-half the vita-
min A activity of beta-carotene. Impurity A has very little, if any, vitamin
A activity as.shown by Wiseman, Kane, Shinn, and Cary (34).

Because of these impurities, it must be recognized that results obtained
by the method used here give only approximate values, both as to beta-
carotene content and biological activity. However, the same criticism ap-
plies to most other methods of carotene determinations. Where comparison
of carotene contents of various samples of the same type is desired, rather
than the absolute values, the method is entirely suitable. It was used in
preference to an adsorption method because, in the authors’ experience, it
was more rapid and convenient.

EXPERIMENTAL

In the experiments reported here the materials used were samples of
dehydrated alfalfa and young unjointed oats obtained from the Cerophyll
Laboratories, Kansas City, Missouri. The materials to be added to the
dehydrated products were dissolved in water, except where indicated, in
such concentration that 60 ce. of water contained the amount to be added

TABLE 2

Stability of carotene in dehydrated oats and alfalfa moistened with various
solutions and dried at 4£5° C.
Stored at room temperature

Carotene—ug./ gm. Per cent
pH (dry basis) ) losain

Initial | 1month | 3 months | °months
Oats + H,O 6.1 338 146 83 | 75
Oats + 1% NasSu04 coo s | 6.1 362 175 101 72
Oats + H,S0, 3.9 350 87 33 90
Oats + H,.SO, +1% Na,8,0; ... 3.9 © 343 292 210 39
Oats + H,S0, + 0.5% Na,S,0; ... 3.9 360 211 73 80
Oats + H,SO, 2.8 378 62 19 95
Oats + H,SO, + 1% Na,S,0, . 2.8 415 322 41 90
Alfalfa + H,0 6.3 162 132 72 55
Alfalfa + 1% N2,8,05 oo 6.4 187 123 67 64
Alfalfa+ HoSO; o 4.5 149 98 50 66
Alfalfa + H,SO,+ 1% 45 183 144 75 59
Alfalfa + HoSO, .o 3.5 178 134 58 67
Alfalfa + H,SO, + 1% Na,S,0, . . 3.5 197 . 180 . 105 47
Alfalfa +H,80, +0.5% Na,S,0; ... 3.5 189 144 65 66
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to 100 gm. of dry matter. This solution was sprayed upon the oats or
alfalfa, and the sample was thoroughly mixed by hand. The materials were
- then dried at the temperatures indicated, and stored in the dark at room
temperature in loosely stoppered bottles. Carotene analyses were run on
the materials immediately after drying and 1, 3, and 6 months afterwards.
The results of drying overnight at 45° C. after various treatments are
shown in table 2. Sodium thiosulfate was used as a reducing agents in the
hope that it would be effective, because it is cheap and easy to apply. Sul-
furic acid, alone and in combination with the thiosulfate, was added in order
to partially duplicate the conditions presented in mineral acid legume silage,
where carotene is fairly stable. Only the combination of acid and 1 per

TABLE 3

Effect of heating on carotene stability in dehydrated alfalfa and oats
Stored at room temperature

Carotene—ug./gm. (dry basis) Per cent

loss in
Initial | 1 month | 3 months | 6 months | 6 months
Oats—unheated 2 T (— 141 84 70
Oats + H,0—dried 5 hrs. at 95° C. ... 300 | .. 181 141 52
Oats—heated dry at 95° C. for 2 hrs.,
then H,O, and dried 5 hrs. at 95° C. 222 197 172 22
3 months
| N———
Oats—unheated 212 174 130 | 39
Oats + H,O—dried 3 hrs. at 95° C. ... 187 184 149 20
Oats—heated dry 60 min. at 93° C. .. 202 172 144 29
Alfalfa—unheated ... 167 117 30
Alfalfa + H,O—dried 5 hrs. at 95° C. .. 143 96 | awes 33
Aifalfa—heated dry 2 hrs. at 95° C.,
then H,O, and dried 5 hrs. at 95° C. 129 | wue 90 | . 30
Alfalfa—heated dry 60 min. at 93° C. 156 131 102 | e 33"

cent sodium thiosulfate was of any help in maintaining the carotene level
in the oats, while none of the treatments were effective on the alfalfa. The
figures given as pH are an attempt to represent the actual acidity resulting
from the additions. The figures are obtained by suspending 10 gm. of the
dry material in 200 cc. of distilled water, letting stand for one hour, and
determining the pH of the supernatant with a glass electrode.

In all other experiments the samples were dried at 95° C. for a shorter
period of time. It was consistently found, with the oats, that this drying
at high temperatures caused markedly increased stability of the carotene
(see tables 3 and 4, and controls in the following tables). The usual loss
of carotene from the untreated oat control samples was about 70 per cent
in 6 months at room temperature. Tioss from the heated samples ranged
from 22 to 61 per cent depending upon the temperature and duration of the
heat treatment. The increased stability after heat treatment is probably
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caused by heat inactivation of the carotene oxidase, which evidently is not
entirely destroyed by the original commercial dehydration. In table 3 are
given the results of various heat treatments. In six months’ storage, the
control sample lost 70 per cent of its carotene; the sample dried five hours
at 95° C. lost 52 per cent; and a sample which was heated dry for two hours
at 95° C., then moistened and dried at 95° C. for five hours, lost only 22 per
cent. Although the additional heating resulted in less loss of carotene dur-
ing storage, it destroyed more carotene during the heating so that the actual
carotene content at 6 months was only 172 pg. per gm., as compared with
141 pg. for the five-hour drying, and 84 pg. for the unheated sample. Sixty
minutes dry heating at 93° C. was required to give appreciable improvement
in stability.
TABLE 4

Effect of various acids on carotene stability in dehydrated oats and alfalfa
Stored at room temperature

Carotene—nug./gm. (dry basis) | Per cent
loss in
Initial | 3 months | 6 months | 6 months

Oats—unheated and untreated ... 274 141 84 70
*Qats + H,0 : 245 223 173 29
*Qats + 0.3% glucoascorbic acid ... 253 226 184 28
*Qats + 0.3% glucoascorbic acid + H.SO, 27 203 140 49
*Qats + 0.3% Na-isoascorbate 250 224 183 27
*Qats + 0.3% d-isoascorbic acid .. 242 234 193 20
*Alfalfa + H,O 133 104 79 40
*Alfalfa + 0.3% glucoascorbic acid ... 131 103 75 43
*Alfalfa + 0.3% Na-isoascorbate ... 131 107 73 44

*Alfalfa + 0.3% d- 1soasc0rblc acld

139 113 76 45

* Dried 5 hrs. at 95° C.

The effect of heat treatment on alfalfa depended on the sample used.
No improvement was obtained with the first sample used (tables 3 and 5),
while with a different sample (table 7) the loss of carotene was decreased
from 69 to 49 per cent by moistening with water and drying at 95° C. for
3 hours. Evidently the second sample was subjected to Iess rigorous heat
treatment during its original dehydration.

When glucoascorbic acid, sodium isoascorbate, and d-isoascorbic acid
were added to oats and alfalfa at levels of 0.3 per cent of the dry matter of
the samples, there was no increase in stability over that resulting from
drying with water alone (table 4).

The addition of 0.1 per cent gum guaiac to oats, in alcohol solution,
dilute NaOH solution, or water suspension, had no beneficial effect on caro-
tene stability when the samples were stored at 37° C. (table 5). At this
temperature the loss of carotene from the untreated samples was 83 per cent
in six months—considerably more than at room temperature. Guaiae, citric
acid, tartaric acid, and phosphoric acid, at levels of 0.1 per cent, were all
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TABLE 5

Effect of guaiac and various acids on carotene stability
Stored at 37° C.

Carotene—ug./gm. (dry basis) Per cent
- loss in

Initial | 1 month | 3 months | 6 months | 6 months

Oats—unheated and untreated ... 236 171 86 40 83
*Qats + H,O 226 195 124 63 72
*Oats +0.1% guaiac in 0.005 N NaOH | 231 187 118 54 77
*Qats +0.1% gualac in H,O ... 240 181 114 54 78
*Oats + 0.1% guaiac in EtOH .. 244 179 104 46 81

Alfalfa—unheated and untreated ... 150 120 73 43 71
*Alfalfa + H,O 134 98 67 34 74
*Alfalfa + 0.1% guajac in EtOH ... 151 113 61 30 80
*Alfalfa + 0.1% ecitric acid ... 125 87 71 36 71
*Alfalfa + 0.1% tartarie acid 119 89 76 35 71
*Alfalfa + 0.1% H,PO, 121 |° 92 74 36 70

* Dried 5 hrs. at 95° C.

ineffective in stabilizing the carotene in dehydrated alfalfa at 37° C. These
acids and guaiac were tried because they have been reported by Grettie (7)
and Mitchell and Black (14) to be effective in preventing or delaying the
appearance of rancidity in fats and oils.

It was thought that making the dehydrated materials alkaline might
have a stabilizing effect on the carotene. Consequently sodium bicarbonate,
disodium phosphate, ammonia, and urea were added to oats and alfalfa
(table 6). None of these samples had appreciably more carotene after
storage than did those samples dried with water alone.

Diphenylamine was also tried on the oats after the preliminary report
of Williams et al. (32) on its activity in stabilizing carotene in solution.
The diphenylamine was added in aleohol solution at the rate of 0.9 per cent,

TABLE 6

Effect of various compounds on stability of carotene
Stored at room temperature

Carotene—nug./gm. (dry basis) Per cent
1 loss in

Initial | 1 month | 3 months | 6 months | 6 months
Oats—untreated and unheated 609 388 225 144 } 77
*QOats + H.O 576 411 298 246 57
*0ats + 0.5% NasSy05 oo 598 414 316 . 250 58
*Qats + 0.9% diphenylamine in EtOH .. 576 445 376 338 41
*Qats + 0.39% d-isoaseorbic acid ........... 556 415 303 256 54

3 months
*Qats + 0.5% NaHCO, .. 584 405 284 51
*QOats + 0.5% Na,HPO, 612 387 291 52
*Qats +0.1% NH, . 585 408 292 50
*QOats + 0.5% urea, 576 412 305 . 47

* Dried 3 hrs. at 96° C.
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and dried in the same manner as the other samples. After six months, the
diphenylamine sample had lost 41 per cent of its carotene, as contrasted to
57 per cent for the water control and 77 per cent for the unheated control.
That the stabilizing effect was not caused by the alcohol can be seen by
looking at the aleohol control in table 8. The diphenylamine was later tried
on alfalfa and again had a considerable effect (table 9).

It was thought worthwhile to pellet the materials, and then to protect
" the pellets by coating with some material impervious to air. The pellets
were made in a small hand pelleting machine. By using weighed amounts
of either oats or alfalfa, the finished pellets were of uniform weight, about

TABLE 7

Effect of pelleting and coating with wax on the stability of carotene
Stored at room temperature

4 Carotene—ug./gm. (dry basis) Per cent
Initial | 1 S 6 | gmonths
month | months | months

Oats—untreated, loose .. 576 373 242 151 74
Oats—untreated, pellets 581 396 285 201 65
Oats—pellets coated with Flexowax 603 433 416 331 45
Oats—pellets coated with gelatin .A 604 410 292 208 66
*Qats + H,O—loose 578 374 290 216 61
*Oats + H,O—pellets 556 388 300 232 58
*Oats + H,O—pellets + Flexowax 5 545 402 322 264 51
*Oats + H,O—pellets + paraffin-beeswax..... 555 389 310 224 60
Alfalfa—untreated, loose 272 220 134 85 69
Alfalfa—untreated, pellets . .| 274 208 124 81 70
Alfa,lfa—untreated, pellets + Flexowax .. 279 260 145 99 64
*Alfalfa + H,O—loose o 272 209 171 138 49
*Alfalfa + H,O—pellets + Flexowax 270 206 183 148 45
Dehydrated sudan grass 395 287 192 144 63
Sudan grass—pellets ... 399 271 186 132 67
Sudan grass—ypellets + Flexowax ... | 390 316 218 240 39

* Dried 3 hrs. at 95° C.

1.2 gm. - The coating materials tried were gelatin, a 60—40 paraffin-beeswax
mixture, and Flexowax C (Candy Co., Chicago), a high-melting (126° F.),
fairly flexible wax which does not readily crack. " The Flexowax was found
most satisfactory.

Results of preliminary experiments are shown in table 7. Pelleting
alone caused little or no decrease in carotene loss, while the Flexowax-coated
pellets lost considerably less carotene in six months, especially with oats and
Sudan grass. The loss in unheated oats was reduced by the Flexowax from
74 to 45 per cent in six months, giving final carotene contents of 151 and 331
pg. per gm. respectively. The loss in Sudan grass was reduced from 63 to
39 per cent. Similar results are seen in table 8. However, the results with
alfalfa showed only a slight difference between the coated pellet and the
controls.
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TABLE 8

Effect of hydroquinone and alpha-tocopherol on stability of carotene
in dehydrated oats*
Stored at room temperature

Carotene—ug./gm.

(dry basis) I;ig sc ?:t
Initial | 1 month | 3 months Gaatile
Oats—untreated, loose 515 413 250 52
Oats—untreated, pellets + Flexowax 527 435 346 34
Oats + 0.1% alpha-tocopherol—loose 545 303 204 63
Oats + 0.1% alpha-tocopherol—pellets + Flexowax | 540 462 234 57
Oats + 0.5% hydroquinone—loose ... 545 378 263 52
Oats + 0.5% hydroquinone—pellets + Flexowa 538 465 348 35
Oats + tocopherol + hydroquinone—loose 527 332 246 53
Oats + tocopherol + hydroquinone—pellets + TFlexo-
wax 531 453 341 36
Oats + EtOH—loose 535 348 219 59
Oats + EtOH—pellets + Flexowax 546 436 272 50
Oats—untreated, pellets, washed with N, be ore .
dipping in Flexowax 502 411 312 38

* All additions in this series were made in alcoholic solution—30 ce./100 gm., and the
grass was then dried at 108° C. for 40 minutes.

The results of attempting to remove oxygen from the pellets before coat-
ing are shown in tables 8 and 9. The pellets were placed in a vacuum des-
iccator and evacuated and washed with nitrogen twice before dipping in the
Flexowax. This treatment was fairly effective with alfalfa, but not with
the oats.

TABLE 9

Effect of various antioxidants on stability of carotene in dehydrated alfalfa
Stored at room temperature

Carotene—pg./gm.

(dry basis) ﬁg;:?:t
Initial | 1 month | 3 months | 3 Tonths
Alfalfa—untreated 262 189 104 60
Alfalfa—untreated, pellets + Flexowax .......oo... 262 197 127 51
*Alfalfa + H.O ... 263 198 167 36
*Alfalfa + H,O—pellets + Flexowax .. 263 199 - 166 37
tAlfalfa + 0.9% diphenylamine .. 282 232 203 28
tAlfalfa + diphenylamine—pellets + 282 232 184 35
tAlfalfa + 0.1% alpha-totcopherol .| 276 138 108 60
{Alfalfa + alpha-tocopherol—pellets + Flexowax .. | 276 154 119 57
tAlfalfa 4+ 0.5% hydroquinone 276 190 152 45
tAlfalfa + hydroquinone—pellets + Flexowax 276 191 154 44
tAlfalfa + alpha-tocopherol + hydroquinone. 282 170 122 57
tAlfalfa + alpha-tocopherol + hydroquinone
lets + Flexowax 282 174 138 51
Alfalfa—untreated, pellets, washed with N, be-
fore dipping in FIEXOWAX ..o 268 184 181 34

* Dried 2 hrs. at 108° C.
t Additions made in alcoholie solut1on—30 cc./100 gm., and then the material dried
at 108° C. for 1 hr.
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It was thought advisable to try treating the materials with various anti-
oxidants, and then pelleting and coating with wax. Results with oats are
shown in table 8, and with alfalfa in table 9. The addition of 0.5 per cent
hydroquinone, 0.1 per cent alpha-tocopherol, or a combination of both, under
the conditions of this experiment, resulted in no better retention of carotene
than occurred in the controls. The addition of diphenylamine to alfalfa
resulted in considerably less loss than in the controls. Pelleting and coating
with Flexowax resulted in no additional retention.

Several samples of dehydrated sweet potatoes and carrots were also ob-
tained, and carotene analyses run on them during storage. Results are
shown in table 10. When sweet potatoes were stored in the form in which
they were dehydrated (slices), only 5 per cent of the carotene was lost in
six months’ storage. However, when the sweet potatoes were ground in a
Wiley mill and then stored, very rapid loss of carotene occurred, 65 per cent

TABLE 10

Stability of carotene in dehydrated carrots and sweet potatoes
Stored at room temperature

Carotene—nug./gm. (dry basis) Pot it
loss in
iy 1 3 6
Tratial month | months | months b IGHLNS
Dehydrated sweet potatoes—ground ... 166 133 88 58 65
Dehydrated sweet potatoes—ground—pel-
lets + Flexowax 162 132 74 49 70
Dehydrated sweet potatoes—sliced .. .| 164 160 148 156 5
Dehydrated carrots—diced ... .| 650 630 654 488 25
Dehydrated diced carrots—pellets .. 670 547 341 227 66
Dehydrated diced carrots—pellets + Flex-
owax 647 530 396 338 48
Dehydrated carrots—flakes .| 685 496 400 | e | e

being lost in six months. Mitchell and Lease (15) have reported that sweet
potato flour lost 98 per cent of its carotene when stored for a year in contact
with the air. Scoular et al. (25), on the other hand, reported that sweet
potatoes lost only 17 per cent of their carotene in a year at room temperature.
The difference can be explained by our results with grinding.

Similarly, dehydrated carrots (diced) lost only 25 per cent of their caro-
tene during the six-month storage period. However, when the diced dehy-
drated carrots were compressed into pellets, thus breaking the outer coating,
66 per cent of the carotene was lost in six months. Dehydrated carrot flakes
showed a fairly rapid loss of carotene as contrasted to the diced form. The
rate of carotene loss for diced carrots is not as extensive as the values re-
ported in the literature. Cruess and Joslyn (4) reported about a 66 per
cent loss in four months at room temperature. Beardsley, Prindle, and
‘Stevens (2) reported a 39 per cent loss when stored at 70° F'. for six months
in air, and no loss when stored under nitrogen or CO, in sealed cans.
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DISCUSSION

. The results show that additional heating of the commercially dehydrated
oats increased stability of the carotene in the oats, probably because of heat
inactivation of the enzyme carotene oxidase. In some cases the heat treat-
ment is also effective on dehydrated alfalfa, probably depending on previous
treatment. From these results it would seem that slightly more heat during
the original dehydration process would be effective in decreasing the loss of
carotene from these materials during storage, without causing excessive loss
of carotene during the dehydration.

The addition of antioxidants to the dehydrated materials was relatively
unsuccessful exceept for diphenylamine, which considerably increased the
stability of carotene. If it proves to be nontoxie to animals, and an economi-
cal means of application can be found, diphenylamine may become impor-
tant commercially in stabilizing carotene in dehydrated materials. .The
difference in levels of diphenylamine and hydroquinone used may account
for the activity of the diphenylamine and inactivity of the hydroquinone,
since Silker, Schrenk and King (26) found hydroquinone to be active when
added to alfalfa before dehydration.

Protection of the materials from the air by pelleting and coating with
wax was effective—oats which had been pelleted and coated with wax had
twice as much carotene after six months as had the loose material. This
method of stabilization may be of commercial application. Pellets of about
one pound weight were made in a Carver laboratory press under a pressure
of 12,000 pounds per square inch, and then coated with wax. Under com-
mercial conditions even larger blocks could undoubtedly be made. This
treatment, however, was not very effective with dehydrated alfalfa.

Loss of carotene from dehydrated carrots and sweet potatoes during stor-
age is much less than from dehydrated alfalfa and oats, as long as the origi-
nal sizable dices or slices of the carrot and sweet potato pieces are not
changed. However, when the dehydrated materials are ground or com-
pressed into different shapes, the loss of carotene is very rapid. When
commercially dehydrated sweet potatoes are to be stored for longer periods
of time, they should be stored in the shape in which they are dehydrated,
rather than as flour. If flour is desired, it should be ground immediately
before use.

SUMMARY

1. The effects of various physical and chemical treatments upon the
stability of carotene in dehydrated alfalfa and oats were studied.

2. Additional heat treatment was effective in decreasing the loss of caro-
tene in dehydrated oats from 70-80 per cent to 30-50 per cent in six months.
The loss in one sample of dehydrated alfalfa was reduced from 70 to 50 per
cent in six months.
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3. The addition of 0.9 per cent diphenylamine to dehydrated oats reduced
the loss of carotene from 77 to 41 per cent in six months. The loss of caro-
tene from dehydrated alfalfa was reduced from 60 to 30 per cent in three
months by the addition of diphenylamine.

4. In the concentrations and conditions used, the following were ineffec-
tive in reducing the loss of carotene during storage: sodium thiosulfate,
sulfuric acid, glucoascorbic acid, d-isoascorbic aecid, sodium isoascorbate,
guaiac, citric acid, tartaric acid, phosphoric acid, sodium bicarbonate,
disodium phosphate, urea, ammonia, alpha-tocopherol and hydroquinone.

5. Protection of dehydrated oats from the air by pelleting and coating
with Flexowax reduced the loss of carotene from 74 to 45 per cent in six
months.

6. Dehydrated sweet potatoes, stored as slices, lost only 5 per cent of
their carotene in six months. When ground and stored, the loss of carotene
was 65 per cent in six months.

7. Dehydrated diced carrots lost no carotene during the first three months
of storage, and lost 25 per cent during the second three months; when the
dehydrated diced carrots were compressed into pellets, breaking the outer
surface, the loss was 66 per cent in six months. The loss of carotene from
dehydrated sliced carrots was much more rapid than from dehydrated diced

carrots.
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THE USE OF THIAMIN DISULFIDE FOR THE ESTIMATION OF
REDUCING SUBSTANCES IN PROCESSED MILK*

H. A. HARLAND2 axp U. 8. ASHWORTH
Division of Dairy Husbandry, Agricultural Experiment Station, Pullman, Washington

Sulfhydryl groups in milk have been recently studied by workers inter-
ested in oxidized and cooked flavors (4, 5, 6, 8; 11, 12) and by those con-
cerned with baking quality of non-fat milk solids (2, 10).

There is a lack of agreement in results on the amount of sulfhydryl
groups in raw and heated milk. Jackson (7) could not obtain a positive
nitroprusside test for sulfhydryl groups in fresh milk except after denatura-
tion of the milk proteins with sodium cyanide. These results have been sub-
stantiated by Gould and Sommer (6) and Josephson and Doan (8). The
latter workers and Gould (4) found that milk yielded a positive nitro-
prusside test when heated to approximately 70° C. for 30 minutes. Stam-
berg and Bailey (10), using the Heyrovsky micropolarograph, found the
combined total of sulfhydryl groups and disulfide linkages in raw skimmilk
to be equivalent to approximately 248 mg. of cysteine-hydrochloride per
liter. Their method indicated that boiled milk contained no measurable
amount of sulfthydryl groups. Gould (5), using a KIQ; titration method,
found a heat labile substance in fresh skimmilk.

The purposes of this investigation were to adapt the use of thiamin
disulfide to the determination of certain reducing substances in milk, to
study the effect of heat treatment on these reducing substances, and to corre-
late the quantity of such reducing substances with baking quality of non-fat
milk solids.

EXPERIMENTAL MATERIALS AND METHODS

The fresh skimmilk was obtained from a Grade A supply of pasteurized
milk. The non-fat dry milk solids were obtained from certain Pacific North-
west plants using the spray process, The baking quality of the non-fat milk
solids was determined by the test baking laboratory of the Consolidated
Dairy Products Company, Seattle, Washington. The dried milk was stored
in tightly stoppered test tubes and held at temperatures of 0°-5° C.

Heat treatment was done in a rapidly eirculating, thermostatically con-
trolled water bath. The use of 15 x 120 mm, thin-walled Pyrex test tubes
and the rapid circulation of the bath made it possible to heat the 10-ml. sam-
ples of milk to the desired temperature in approximately one minute. Fol-
lowing heat treatment, the milk was rapidly cooled in cold running water.

Received for publication June 26, 1944,

1 Scientific Paper No. 610, College of Agriculture and Agrwultulal Experiment Sta-
tions, State College of Washington.

2 American Dry Milk Institute Research Grant and in cooperation with the Washing-
ton State Dairy Products Commission.
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The cysteine hydrochloride used as a standard was obtained from the
Eastman Kodak Company. Determinations of both nitrogen and sulfur
gave 96 per cent of the theory. The iodometric titration method of Virtue
and Lewis (13) for SH-groups yielded 106 per cent recovery, which indi-
cated that the substance assayed contained little or no e¢ystine. For the pur-
poses of this investigation, the cysteine was assumed to be 96 per cent pure.

The method used for the determination of reducing substances in milk is
one proposed by Zima, Ritsert and Moll (14) for the estimation of substances
in blood capable of reducing thiamin disulfide. According to Zima and his
co-workers, the disulfide may be reduced to thiamin by hydrogen, hydrogen
sulfide, glutathione and cysteine. Their results show that cysteine can be
quantitatively recovered by the use of thiamin disulfide. Throughout this
paper, all of the substances in milk that reduce thiamin disulfide have been
calculated as cysteine hydrochloride.

The thiamin disulfide was prepared according to the procedure of Zima
and Williams (15). Thiamin hydrochloride (Eastman Kodak, No. 5180),
10 g., was dissolved in 13 ml. of water and treated with a solution of 3.43 g.
NaOH in 20 ml. of water. The yellow solution was cooled to near freezing
in an ice bath, and exactly an equivalent amount of iodine (3.77 g. of iodine
and 5 . KI in 40.0 ml. solution) was added slowly with stirring and cooling.
The reddish color of the mixture, due to a very slight excess of iodine, indi-
cates the proper end-point. The solution was evaporated in a vacuum to a
thick sirup and the residue extracted with N-butanol at 40° C., first 30 ml.
and then two 10-ml. portions. The iodides remain behind. The extract was
evaporated in a vacuum to a thick sirup and the residue extracted with 15 ml.
acetone. The acetone extract was diluted with another 15-ml. portion of
acetone and the mixture centrifuged. The acetone solution was then diluted
with 200 ml. additional acetone and the solution stored at 0° C. for erystalli-
zation of the oxidation produect, thiamin disulfide. After three days, the
mother liquor was decanted off and the product dried on filter paper. The
dried product was then purified by dissolving in 2 ml. of water per gram and
diluted with 25 volumes of acetone. The disulfide erystallized out as color-
less crystals during 24 hours at 0° C. After a second recrystallization, the
product was practically free of interfering substances. A solution of the
disulfide was prepared by dissolving 200 mg. in 75 ml. of a solution contain-
ing 10 ml. of N/10 HCI. The solution of thiamin disulfide was placed in a
brown glass bottle and stored in a refrigerator. Under those conditions the
solution showed no signs of deterioration.

Preliminary trials indicated that 2 ml. of fresh skimmilk or 200 mg. of
non-fat milk solids was a suitable quantity for the determination of those
substances in milk capable of reducing thiamin disulfide. One ml. of the
disulfide solution was added to the milk in a test tube and, after mixing and
covering with 3 drops of isobutanol, allowed to stand 2 hours at room tempera-
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ture. 'When other substances were added, they were restricted to a volume
of 1 ml.; otherwise 1 ml. of distilled water was added to each sample. Two
ml. of 10 per cent trichloracetic acid was added to the digestion mixture at
the end of the two-hour period. The proteins were separated from the liquid
by centrifuging the tubes at high speed for five minutes and decanting into
- a second test tube through a funnel containing a small wad of cotton. Two
ml. of the clear liquid was diluted to 100 ml. in a volumetric flask, and a
suitable aliquot of from 1 to 5 ml. taken for the determination of thiamin
by the thiochrome method. Blanks were prepared by the addition of the
thiamin disulfide reagent following the trichloracetic acid. There is no
reduction of the disulfide after the addition of the trichloracetic acid.

. Any of the several slightly differing procedures for the direct thiochrome
method may be used for the latter part of this method. Suggestions from
methods of Conner and Straub (1) and Mason and Williams (9) were used
in the procedure followed in this work. The aliquot for oxidation was made
up to 5 ml. with distilled water in a 20 x 150 mm. test tube, and exactly 15 ml.
of redistilled isobutanol added. After the isobutanol and aqueous layers
were caused to appear homogeneous by stirring with a jet of air for a few
seconds, 2 ml. of a solution containing 0.5 g. NaOH and 2 mg. potassium
ferricyanide was quickly added from a pipette. The stirring was continued
for 2 minutes. The aqueous layer that quickly separated was drawn off and
discarded. The isobutanol was shaken briefly with approximately 2 g. of
anhydrous sodium sulfate, and the mixture centrifuged a few seconds at
high speed. The alcoholic solution was decanted into specially selected test
tubes and the fluorescence determined in a Coleman Model 12 Electronic
Photofluorometer. The instrument was set with a standard quinine sulfate
solution and the oxidation of the thiamin to thiochrome checked with a stand-
ard solution of thiamin hydrochloride. According to the theory, one gram
molecule of cysteine hydrochloride is equivalent to 2.14 gram molecules of
thiamin hydrochloride.

EXPERIMENTAL RESULTS

Preliminary experiments showed that the pH of the reaction mixture of
thiamin disulfide and material containing — SH groups must be between 4.8
and 6.2 for optimum results. High alkalinity caused some of the disulfide
to revert to thiamin. Very little reduction of the reagent occurred at a pH
of 4.0 or less. The pH of the mixture of 2 ml. of milk and 1 ml. of the
reagent was around 5.4.

Quantitative recovery of cysteine-HCl from unheated skimmilk proved
to be somewhat difficult. This fact was to be expected since Gould (3) found
that glutathione was destroyed by unheated milk. It was considered possi-
ble that the addition of an excess of ascorbic acid would protect the cysteine
and make recovery possible. The results presented in table 1 show that the
addition of 5 mg. of ascorbic acid per ml. of milk is sufficient to permit the
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TABLE 1
The effect of ascorbic acid on the recovery of cysteine hydrochloride from skimmilk
. Total —-SH groups calcu-
Ascorbie acid Cyst%lge(-lHCI lated as mg. ng('icgnt riegverl}i gf
added (mg p:r ml cysteine-HCl per liter added cysteme-
(mg. per ml.) i * i
Gt il Unheated | Heated* | Unheated | Heated
I
0.0 0.0 Nil 19.6 e
0.0 9.6 3.4 29.5 35 103
2.5 9.6 6.8 28.9 71 96
5.0 9.6 9.3 29.0 97 97
7.5 9.6 83 s ] 86 |
5.0 0.0 Nil 19.7 I ——

* 97-97.5° C. for 5 minutes.

quantitative recovery of cysteine hydrochloride from unheated skimmilk.
It may be noted from the data in table 1 that the addition of ascorbic acid is
unneeessary for good recovery of eysteine-HCI from heated milk.

The data presented in table 2 show the improvement caused by ascorbic
acid on the recovery of cysteine-HCI from 12 samples of non-fat milk solids
of variable sulfhydryl content. Without ascorbic acid the recovery of cys-
teine is roughly proportional to the amount of sulfhydryl groups originally
present,.

The sulfhydryl contents of good and poor baking samples of non-fat milk
solids from four different milk-drying plants were determined. The samples
were collected throughout the year and represent extremes in baking quality.
However, the actual range in baking quality was very small in most cases.
The results in table 8 vary from 3.8 to 10.8 mg. of cysteine-HCI per 100 g.
of non-fat milk solids; however, the average values for the good and poor
baking samples are the same. The analysis of variance of data shown in
table 8 is presented in table 4 and indicates much greater variability between
flumes than within flumes for both the good and poor baking samples.

TABLE 2

The effect of ascorbic acid on the recovery of 9.6 mg. cysteine hydrochloride per
100 grams of non-fat milk solids

Original —SH groups in milk Without With 5 mg. aseorbic
Sample No. (mg. per 100 grams) sacorbic gcid acid per 100 mg.
expressed as cysteine-HCl milk solids
19 3.5 50 91
15 4.3 50 95
27 4.3 33 96
43 4.8 68 101
3 6.1 82 98
22 6.3 65 97
9 6.7 67 97
17 8.8 69 105
16 11.0 80 104
48 11.5 70 104
44 11.6 92 93
8 11.7 88 88
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TABLE 3
Comparison of the sulfhydryl content of good and poor baking non-fat milk solids
Total No. of —-SH content expressed as mg. cysteine-HCl per 100 g.
samples Flume A | Flume B | Flume C | FlumeD | Average
Good baking ... 48 7.0 6.6 3.8 10.4 6.95
Poor baking ... 39 6.3 5.6 4.7 10.8 6.85

The lack of uniformity in the amount of sulfhydryl groups found in the
non-fat milk solids from the several sources made it desirable to have more
information on factors that might be responsible for this variability. The
stability of the substances in milk that reduce thiamin disulfide was studied

TABLE 4

Analysis of variance of the data from table 3 for the sulhydryl content of non-fat
milk solids manufactured throughout the year in four flumes

Source of variation ]Z)fer%I:le:n;)f Sum of squares Mean square

Good baking

Total ..o 47 40,779.3 | e

Between flumes ’ 3 26,157.7 8,719.2

Within flumes ... 44 14,621.6 332.3
Poor baking

Total .. 38 36,570.1

Between 3 19,019.1 6,339.7

Within flumes 35 17,551.0 501.5

as indicated by the results in table 5. The non-fat milk solids were quickly
reconstituted by shaking 2 g. of the milk with 20 ml. of water in a 125-ml.
Erlenmeyer flask. Two-ml. portions were removed at the indicated time

TABLE 5

Stability of sulfhydryl groups in freshly heated (97° C., 5 min.)
skimmilk and reconstituted non-fat milk solids

Holding time Per cent loss of sulfhydryls

4 BUE i, Non-fat milk solids Fresh skimmilk
10 min. 12.6 3.0
30 ¢« 16.6 3.0
60 ¢¢ 23.3 21.0
2 hours 28.3 32.0
4 & 54.7 51.0
g = 62.7 66.5
24 ¢ 84.7 85.2
Original content of — SH groups
expressed as cysteine-HCI ... 10.8 mg. per 20.9 mg. per
100 grams liter
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intervals for the determination of sulfhydryl groups. The rate of loss was
similar for both reconstituted non-fat solids and freshly heated skimmilk
except that in the case of the latter there was a lag during the first 30 min-
utes. After 24 hours at 20° C. approximately 85 per cent of the —SH
groups had disappeared.

The effects of time and temperature of heat treatment on the sulfhydryl
groups in pasteurized skimmilk are illustrated in figure 1. The minimum
heat treatments required for the liberation of detectable amounts of — SH

T | T LD |

G

Mgs Cysteine-HC/ per Liter
3

(%]

Time in Minutes

Fie. 1. The effects of time and temperature of heat treatment on the number of
sulfhydryl groups in pasteurized skimmilk. Results expressed as cysteine hydrochloride.

groups are 70° and 75° C. for approximately 30 minutes and 1 minute respec-
tively. Heating the milk for 60 minutes at 70° C. results in the liberation
of the equivalent of only 2.2 mg. of c¢ysteine-HCI per liter. The increase in
the amount of liberated sulfhydryl is very rapid and reaches a maximum of
approximately 20 mg. cysteine-HCl per liter during the first 10 minutes
of heating at temperatures above 80° C. After reaching a maximum, the
values for a period of one hour in the temperature range 75°-95° C. vary
between the narrow limits of 11.3 and 12.9 mg. cysteine-HCI per liter.
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DISCUSSION

The exact nature of the substances liberated by skimmilk heated to tem-
peratures above 70° C. that are capable of reducing thiamin disulfide cannot
be definitely stated. However, it has been shown by other methods (4, 8, 11)
that both H,S and — SH are liberated at those temperatures. The presence
of — SH groups has been confirmed by the nitroprusside test in this labora-
tory. It has also been substantiated by us that thiamin disulfide is reduced
by both —SH and H,S. Unreported results show a better than 50 per cent
recovery of H,S by the thiamin disulfide reagent. Perhaps further investi-
gation would reveal a more quantitative recovery of the H,S.

The findings of others (2, 4, 6, 8) that certain reducing substances are
liberated following heat treatment of milk were substantiated by the new
method used in this investigation. On the other hand, Stamberg and Bailey
(10), using the dropping mercury electrode, found that unheated fresh skim-
milk contained a relatively large amount of reducing substances that were
destroyed during heat treatment at boiling temperatures. Gould (5), using
a KIO; titration method, obtained results qualitatively similar to those of
Stamberg and Bailey. It appears that, as one reducing system is destroyed
by temperatures above 70° C., another is liberated.

Although skimmilk is subjected to rather drastic heat treatment previous
to drying when the product is intended for baking purposes, in no case was
it possible to find more than approximately 60 per cent as much reducing
substances in dry skimmilk as in an equivalent amount of laboratory heated
skimmilk. A part of the reducing substances may be either oxidized or
liberated as H,S during the drying process. The experimental results
showed a rather rapid disappearance of the reducing substances in freshly
heated skimmilk and freshly reconstituted non-fat solids with standing.
Gould’s work (4) indicates that the amount of contaminating copper in the
milk may cause rather large variations in the rate of disappearance of the
sulfhydryl groups in milk. For this reason the results presented in table 5
may not apply quantitatively to all lots of similarly heated: skimmilk and
reconstituted non-fat milk solids. Time of storage did not appear to greatly
affect the sulfhydryl groups in non-fat milk solids, however, since samples
of dry milk produced 5 years ago exhibited a range of values for reducing
substances similar to those manufactured more recently.

The wide range of time and temperatures, in which rather high values for
reducing substances in the heated milk occur, seems to partially account for
the lack of correlation between those substances and baking quality in non-
. fat milk solids.

The use of the method described in this report for the quantitative esti-
mation of reducing substances liberated by heat treatment of milk is of value
to those interested in cooked and oxidized flavons in milk. The use of a more
highly purified disulfide reagent and very careful standardization of the



22 H. A. HARLAND AND U. S. ASHWORTH

estimation of the liberated thiamin would result in even greater precision
than is indicated by the results presented in this paper. This method has
the advantage of requiring only small quantities of the substance being
examined. It would be possible to get reliable results with much less than
the 2 ml. aliquot used in this investigation.

CONCLUSIONS

Thiamin disulfide is an excellent reagent for the quantitative estimation
of certain reducing substances liberated by milk during heat treatment at
temperatures above 70° C.

The addition of 5 per cent of ascorbic acid to unheated skimmilk permits
the recovery of as little as 10 mg. cysteine-HCI per liter of skimmilk.

Reducing substances equivalent to approximately 20 mg. of cysteine-HCl
per liter are liberated when pasteurized skimmilk is heated to 90°-95° C. for
5 minutes. Unheated milk does not reduce thiamin disulfide.

Spray process non-fat milk solids contain substances that reduce thiamin
disulfide equivalent to 0.0-11.5 mg. of ecysteine-HCI per 100 grams.

According to the method used in this work, there is no correlation
between the quantity of thiamin disulfide reducing substances and the
baking quality of non-fat milk solids.

Heating of skimmilk longer than 10 minutes at temperatures of 80° C. or
above results in a loss of reducing substances. Both reconstituted non-fat
milk solids and freshly heated skimmilk rapidly lose their reducing sub-
stances on standing at 20° C.
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THE EFFECT OF CHLOROBUTANOL ON CERTAIN MEMBERS OF
THE B COMPLEX IN THE RUMEN AND BLOOD PLASMA
ASCORBIC ACID LEVELS*

NORMAN §S. LUNDQUIST axp PAUL H. PHILLIPS
Departments of Dairy Husbandry and Biochemistry, College of Agriculture,
University of Wisconsin, Madison, Wisconsin

‘The work of Phillips et al. (5, 6) has shown that ascorbic acid was assoei-
ated with reproduction in the bovine. Bortree and associates (2) demon-
strated that chloretone increased vitamin C levels of both the cow and the
bull. Scheidenhelm and co-workers (7) showed that chloretone had a bene-
ficial effect on slow-breeding bulls. More recently Bortree et al. (1) con-
cluded that feeding chlorobutanol will increase blood plasma ascorbic acid
levels in calves, heifers, cows and bulls. Throughout these latter studies, a
dose of 5 grams fed with the grain per day and continued for 105 days was
quite satisfactory and produced no harmful effects.

During the past few years, ascorbic acid in amounts necessary for use in
prophylactic treatment of ‘‘hard to settle’’ cows and *‘slow breeding’’ bulls
has been difficult to secure. In some instances this has led to the use of
chlorobutanol for that purpose. It was felt that, if this were to become a
common practice, investigation of its effect on the synthesis of the B complex
in the rumen of the cow was necessary.

EXPERIMENTAL

The observations reported herein were made on a 966-pound Holstein
heifer with a rumen fistula. The ration consisted of timothy hay, corn
silage, and a grain mixture of corn, oats, linseed meal, iodized salt and
CaCO;. This ration maintained normal blood plasma vitamin A concen-
trations.

Samples from the rumen were taken four times at two-hour intervals on
test days, beginning two hours after the morning feeding. The sampling
consisted of removing approximately one kilogram of material from the
central portion of the rumen from which 100 grams were accurately weighed
and diluted with an equal weight of 95 per cent ethyl alecohol. It was then
stored in a refrigerator between sampling, and in a dark, cold room at 35 to
36° C. overnight. The composite sample was then placed in a large, flat pan
and dried for 48 hours at 50° C. The dry matter content ranged between
15 and 17 per cent. The material was then finely ground in a Wiley mill
and stored in the cold room until the analyses were made.

Received for publication June 26, 1944.
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The chlorobutanol was so mixed into the grain ration that the heifer
received five grams per day. New batches were prepared each sixteenth day.

Analyses of the samples for riboflavin were made by the microbiological
assay of Snell and Strong (8) as modified by Strong and Carpenter (10).
Pantothenic acid was determined microbiologically by the method of Strong
et al. (11) and niacin by the method of Snell and Wright (9). Thiamine
determinations were by the chemical thiochrome method of Hennessy (3).
Analyses of blood plasma ascorbic acid were by the method of Mindlin and
Butler (4).

RESULTS

The only analyses available for the vitamin content of the rumen contents
after the addition of chlorobutanol were obtained on the 68th day. Samples
were collected on the 115th day and on the 155th day, but they were inad-
vertently destroyed before analyses were completed.

The results indicate that riboflavin, niacin, thiamine and pantothenic acid
syntheses were not materially affected by additions of 5 grams of chloro-
butanol daily to the ration (Table 1). There was no noticeable outward

TABLE 1

The effect of chlorobutanol on the rumen content of certain of the
B complex vitamins

Days Niaecin Riboflavin l Thiamine Pantothenic acid
ng./gm. wng./gm. Mg./gm. ug./gm.
- 11 51 13.2 14.3
- 1 47 11.0 1 3 7.8
0 chlorobutanol added to ration

+ 68 51 11.8 | | 8.1

+ 160 chlorobutanol removed from SAION v
+201 4 2.2 16.3

+231 68 13.0 3.5 6.4

+ 260 61 11.9 2.0 5.4

effect on the heifer, except that it seemed to stimulate appetite and thus
increase body weight. This increased from 966 to 1228 pounds during the
chlorobutanol administration and dropped to 1200 pounds after withdrawal
of the drug. The chlorobutanol was removed from the ration after it had
been fed for 160 days.

The rise in blood plasma ascorbic acid by the addition of chlorobutanol
was definite but not marked. However, the higher level was maintained
throughout the chlorobutanol feeding period (fig. 1). Following this feed-
ing period, blood plasma ascorbic acid dropped to a rather low level within
two weeks and required nearly one month to regain concentrations which
were characteristic for this heifer. No detrimental effects were noted. Since
there was no apparent reason for this drop other than the after effect of
long-time chlorobutanol feeding, we felt it was necessary to determine the
effect of feeding chlorobutanol for only a three-week period. The results of
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this experiment (fig. 2) indicate that no unusual drop below normal in blood
plasma ascorbie acid occurred.

CONCLUSIONS

The results of this experiment indieate that chlorobutanol, when fed to

a 966-pound heifer at the rate of 5 grams per day, had no detrimental effect

on the rumen synthesis of thiamine, riboflavin, niacin and pantothenic acid.
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The work of previous workers (1, 2, 7) was confirmed in that chloro-
butanol will increase blood plasma ascorbic acid. The administration of
chlorobutanol at the rate of 5 grams daily was without obvious harmful
effects for a period up to 160 days. During this interval the drug sustained
increased concentrations of blood plasma ascorbic acid. This dropped
sharply and below normal upon removal of the drug. It required approxi-
mately one month for the heifer to regain normal concentrations of this
vitamin in its blood plasma. A subsequent three-week period of chlorobuta-
nol administration and withdrawal brought about an increase in blood
plasma ascorbic acid without the sub-normal drop accompanying the with-

drawal of the drug.
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"EFFECT OF HIGH-TEMPERATURE-SHORT-TIME PASTEUR-~
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Earlier papers by Holmes, Tripp, Woelffer and Satterfield (7), Holmes,
Jones, Wertz, and Kuzmeski (5), and Holmes (3) contain data concerning
the effect of the holding method of pasteurization on the ascorbie acid, ribo-
flavin, and thiamin content of milk. This process consists of pasteurizing
milk by holding it at about 142-144° F. for 30 minutes. Since the conditions
existing for the high-temperature-short-time pasteurizing process are some-
what different from those of the holding process which is generally used for
the commerecial pasteurization of milk, a question naturally arises concerning
the effect of the high-temperature-short-time pasteurizing process upon the
vitamin content; and this study was undertaken to accumulate data regard-
ing this point.
' EXPERIMENTAL

Equipment. The high-temperature-short-time pasteurization of milk is
accomplished by different means and with various types of equipment. An
electro-pure pasteurizer,® which was part of the equipment for instructing
students in various pasteurization processes, was employed for pasteurizing
the twenty lots of milk which were included in the experiments reported
here. According to the manufacturer, the electro-pure pasteurizer operates
on regular single phase, 220-volt, 60-cycle current and requires about one
kilowatt-hour for pasteurizing 90 pounds of milk. Pasteurization takes
place in the electrode chamber, which is a vertical, rectangular compartment
through which the milk ascends at a constant uniform flow between flat
carbon electrodes on opposite walls of the chamber. The temperature range
of the equipment was reputed to be from 160.5° to 180.0° F. with a fixed,
invariable holding time of about 22 seconds. In these experiments an
attempt was made to pasteurize milk at various points within the reputed
temperature range of the pasteurizer. ‘

Source of milk. The milk used in these experiments was produced by
the College herd of about seventy Ayrshire, Guernsey, Holstein, Jersey, and
Shorthorn cows. The conditions of feeding, management, composition of
the ration, and stage of lactation were quite similar to those previously de-

Received for publication June 26, 1944.
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scribed by Holmes and Holmes (4). The cows were milked by machine at
3:30 p.M. and 3:30 a.M. The afternoon milk was promptly cooled and held
at 40° F. until the morning milk was cooled and mixed with it. About four
_ hours later a sample of the raw milk was taken for assay, the milk was pas-
teurized and again sampled for assay. The milk was pasteurized by the
high-temperature-short-time process at irregular intervals during eighteen
months. It is felt that the twenty samples of mixed-herd milk collected over
such a long period are fairly typical of milk produced by the commercial
dairies of this area.

Assay procedures. The assays of the raw and pasteurized milk were
commenced within 30-60 minutes after the milk was pasteurized. The
ascorbic acid was determined by the 2-6 dichlorophenolindophenol titration
method described by Holmes, Tripp, Woelffer, and Satterfield (6). The
riboflavin content of the milk was determined by the fluorescence procedure
discussed in detail by Holmes, Jones, Wertz, and Kuzmeski (5). The thio-
chrome method reported by Hennessy and Cerecedo (2) was used to deter-
mine the thiamin content of the raw and pasteurized milk.

RESULTS

Of the twenty samples of milk included in this study, Table 1, three
represented milk pasteurized at 161°; two at 162°; two at 164°; and one each
at 167°, 168° and 177°; two at 180°; and eight at 181° F. The amount of
ascorbic acid in the raw milk varied from 11.7 mg. to 18.7 mg. per liter and
in the pasteurized milk from 11.6 mg. to 20.1 mg. per liter. The riboflavin
in the raw milk varied from 1.32 mg. to 1.71 mg. and in the pasteurized milk
from 1.19 mg. to 1.756 mg. per liter. The thiamin in the raw milk varied
from 0.30 mg. to 0.41 mg. and in the pasteurized milk from 0.29 mg. to 0.40
mg. per liter. The average values obtained for the twenty samples of milk
were ascorbic acid of raw 16.4 mg. and of pasteurized milk 16.6 mg. per liter,
riboflavin of raw milk 1.50 mg. and of pasteurized milk 1.50 mg. per liter,
and thiamin of raw milk 0.36 mg. and of pasteurized milk 0.35 mg. per
liter.

Thus in these experiments conducted with a commercial-size pasteurizer
there was no loss of ascorbic acid or riboflavin and only about a three per
cent loss of thiamin. Hence, considered from a practical standpoint, milk
pasteurized by this type of high-temperature-short-time procedure has as
satisfactory ascorbic acid, riboflavin, and thiamin content as it had before
pasteurization. : :

It is of interest to compare the results obtained in these experiments with
those obtained in similar experiments conducted with another procedure.
Holmes, Tripp, Woelffer, and Satterfield (6) determined the ascorbic acid,
before and after pasteurization of milk (Guernsey and Holstein cows),
drawn by a milking machine into aluminum pails and subsequently pasteur-
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ized at 143° F. for 30 minutés in a 300-gallon stainless steel vat equipped
with stainless steel agitators, which kept the milk gently in motion during
the pasteurization period. They assayed 30 samples representative of 300-
eallon lots of milk pasteurized at irregular intervals during an eighteen
months’ period, identical with the experimental period of this study, and
found 17.3 mg. of ascorbic acid in the raw milk and 14.0 mg. per liter in the
pasteurized milk. Thus 18.7 per ecent of the ascorbic acid was lost during
pasteurization. Subsequently, Holmes, Jones, Wertz, and Kuzmeski (5)

TABLE 1
Effect of high-temperature-short-time pasteurization on the ascorbic acid, riboflavin
and thiamin content of milk
(Milligrams per liter of milk)

Tem- Ascorbic acid Riboflavin Thiamin
pera-
ture,
oF. Raw Pasteur. Raw Pasteur. Raw Pasteur.
1 161 18.7 18.7 1.39 1.58 0.32 0.31
2 161 182 | 1.50 1.43 0.35 0.33
3 161 15.7 15.7 1.47 1.37 0.33 0.35
4 162 16.9 16.4 1.48 1.46 0.35 0.33
5 162 15.9 20.1 1.35 1.43 0.32 0.30
6 164 11.7 134 1.32 1.37 0.35 0.33
7 164 171 17.1 1.71 1.75 0.40 0.37
8 167 16.7 17.1 1.58 1.60 0.39 0.39
9 168 15.5 15.5 1.68 1.70 041 0.40
10 177 17.6 17.6 1.56 1.62 0.38 0.38
11 180 16.7 16.5 1.58 1.46 0.39 0.38
12 180 15.9 19.6 1.35 1.36 0.32 0.30
13 181 18.7 18.7 1.39 1.37 0.30 0.29
14 181 18.2 | . 1.50 1.57 0.35 0.34
15 181 16.9 16.9 1.48 1.19 0.35 0.35
16 181 11.7 13.2 1.32 1.43 0.35 0.32
17 181 17.6 17.6 1.56 1.61 0.38 0.38
18 181 15.5 15.7 1.68 1.66 0.41 0.36
19 181 17.1 17.1 1.71 1.66 0.40 0.40
20 181 15.7 11.6 1.47 1.31 0.33 0.35
Average | ... 16.4+1.9 | 16.6+2.2 | 1.50+0.13 | 1.50+0.15 | 0.36+0.03 | 0.35+0.03

repeated the determination, using a different herd of cows, different herds-
men, dairymen, and pasteurizing equipment. Again the milk (Ayrshire,
Guernsey, Holstein, Jersey, and Shorthorn cows) was drawn by milking
machine and pasteurized in a stainless steel vat (200-gallon) equipped with
stainless steel agitators. Thirty-two samples of milk were assayed and aver-
aged to contain 19.7 mg. per liter in the raw milk and 15.9 mg. in the pas-
teurized milk, a loss of 18.3 per cent. As might be anticipated, the ascorbic
acid content of milk produced in 1938 and in 1943 by different herds of cows
which received different rations was not identical. However, it is interest-
ing to note that when the milk produced in different localities was pasteur-
ized for the same length of time, at the same temperature, and by the same
type of equipment, the loss of ascorbic acid was for all practical purposes
identical, 18.7 per cent and 18.3 per cent.
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In a previous paper Holmes, Jones, Wertz, and Kuzmeski (5) reported
a 2 per cent loss of riboflavin during the pasteurization of milk for 33 minutes
at 144° F. in a stainless steel pasteurizer. In this study, using the high-
temperature-short-time pasteurization process, there was no loss of ribo-
flavin; and this is in accordance with the findings of Javillier (9), who
reported no loss of riboflavin during preheating and sterilizing of milk, and
Houston, Kon, and Thompson (8), who found slightly more riboflavin in
milk after pasteurization or sterilization. However, these differences have
no practical significance.

The loss of thiamin, about 3 per cent, by the high-temperature-short-time
pasteurization procedure is appreciably less than the 9.1 per cent loss re-
ported by Holmes, Jones, Wertz, and Kuzmeski (5) for milk pasteurized
33 minutes at 144° F. and much less than the 25 per cent loss reported by
Elvehjem (1) and Krauss et al. (10).

SUMMARY

Twenty lots of milk were pasteurized at irregular intervals during
eighteen months by, the high-temperature-short-time process. The milk was
assayed for ascorbic acid, riboflavin, and thiamin just before and immedi-
ately following pasteurization. The average values obtained were 16.4 mg.
per liter of ascorbic acid for the raw, and 16.6 mg. for the pasteurized milk;
1.50 mg. per liter of riboflavin for the raw, and 1.50 mg. per liter for the
pasteurized milk ; and 0.36 mg. per liter of thiamin for the raw, and 0.35 mg.
per liter for the pasteurized milk.
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BROWN ALFALFA HAY—ITS CHEMICAL COMPOSITION AND
NUTRITIVE VALUE IN DAIRY RATIONS!

H. ERNEST BECHTEL, A. O. SHAW Axp F. W. ATKESON
Kansas Agricultural Exzperiment Station, Manhattan, Kansas

Alfalfa hay which contains 30 per cent or more of moisture when placed
in the mow or stack is likely to beeome brown during storage (14, 24, 26).
This color varies from brown to black, depending upon the amount of heat
developed during storage (10). Excessive heating may result in brown hay
which has a pleasing sweet, tobacco-like aroma, and which may be more
palatable to cattle than green hay (18). More intensive heating may result
in black or charred hay.

Brown hay oceurs most frequently in Kansas from the first cutting of
alfalfa because of less favorable hay-curing weather. This problem was dis-
cussed by Cottrell (9) as early as 1902 in a bulletin from the Kansas Agri-
cultural Experiment Station. The proportion of the total hay crop which
cures into brown hay each year is unknown. It was estimated recently that
15 per cent of the hay in 34,500 carlots inspected at Kansas City, Missouri,
was sample grade because of damage associated with spontaneous heating
(22). An earlier statement placed losses from spontaneous heating at fully
one-tenth of the hay harvested in the United States (3).

Although practically all the brown hay in Kansas is produced inadver-
tently, many farmers regard it as equal, if not superior, to green hay for
cattle-feeding purposes. Published results of feeding tests are not in agree-
ment on the value of brown hay, but the majority indicate decreased digesti-
bility and lowered productive value (26).

REVIEW OF LITERATURE

The composition and feeding value of brown hay has been studied by
several workers. Watson’s review (26) shows that brown hay may resemble
normal hay in chemical composition, but that the browning process is associ-
ated with losses in organic matter and in feeding value proportional to the
intensity of brown color developed by the hay. Percentage losses in weight
attributed to the browning of legume hay were—dry matter 19, nitrogen-
free extract 23, fiber 22, and crude protein 9. Up to two-thirds of the
starch disappeared during the heating of stored hay. Depressions in digesti-
bility were greatest in the case of protein, with true protein being affected
more than crude protein. Only ‘“slight heating’’ of hay reduced the appar-
ent digestibility of protein 50 per cent. A total loss of digestible protein
oceurred in ‘‘very badly-heated’’ hay. The nitrogen-free extract was less
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severely affected. The digestion coefficient for fiber was depressed only
where the hay was badly heated. Milk production deceased when heated
hay displaced one-half of the normal hay in dairy rations. The health of
the cows was disturbed in a few cases when large proportions of ‘‘badly-
heated’’ hay were fed. ’

Boekhout and deVries (2) in 1904 reported that spontaneous heating of
hay in stacks with interior temperatures of 185° and 205° F. decomposed
some of the pentosans and nitrogen-free extractives. Very black heated
hay was examined microscopically. The epidermal cells and fibrovascular
bundles were not darkened. The protoplasm of other cells was darkened
or wholly black, and appeared to account for the darkening noted in adjacent
cell walls. E .

At the Kansas Agricultural Experiment Station (25), wilted alfalfa con-
taining an average of 53.28 per cent moisture underwent the following per-
centage losses during a storage period of several months in a stack: Dry
matter 39.07, protein 32.71, ether extract 63.57, crude fiber 46.54, and nitro-
gen-free extract 45.36. Material removed from the stack varied from light-
brown to black in color. The percentage of ash in the burned samples ex-
ceeded that in the original hay because of losses in organic matter during
burning. Calculated losses of organic matter, based on these differences in
ash percentage, agreed closely with those obtained by weighing and sampling
each kind of hay removed from the stack.

According to Dodd (10), stacked hay will retain some green color if no
perceptible heat is present, but will appear light-brown at 120° F., ‘‘warm
brown’’ at 140° to 150° F., dark brown at 160° F., and more or less charred
beginning at approximately 190° F. During these changes, sugars are
thought to be decomposed into glucic acid and other unsaturated compounds
(4, 15). These in turn may unite rapidly with oxygen to produce addi-
tional heat, leading eventually to black hay containing 50 per ecent or more
of carbon. Lignin also may be decomposed and lead to increased heat
liberation (21).

In a series of large-scale experiments from 1929 to 1934, Hoffman and
Bradshaw (16) studied the extent and nature of losses from spontaneous
heating in six samples of alfalfa and one sample of clover. The moisture
content of the samples at the time of storage in a barn varied from 28 to 70
per cent. The storage interval extended from one to seven and one-half
months. Losses during storage varied with the moisture content of the hay
and with the maximum temperature recorded during storage. The principal
losses in percentage were: Dry matter 4 to 22, ether extract 6 to 47, sugars
59 to 94, and hemicelluloses 14 to 52. Spectrophotometric methods showed
that losses in ether extract were accompanied by complete destruction of
carotene. Some cellulose and crude protein were lost where storage con-
ditions favored relatively heavy destruction of other organic constituents.
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Lignin appeared to be unaffected in these experiments. The highest tem-
perature recorded in these tests was equivalent to 172.4° F. Roethe (24)
reported similar results with respect to losses of dry matter, ether extract,
sugars, hemicelluloses, protein, cellulose, and carotene, Others (17, 27) have
stressed the seriousness of losses in chemical constituents during the spon-
taneous heating of hay. :

In Kansas studies of the production of yearling beef (19), normal alfalfa
hay was compared with similar hay browned in a stack, and with black hay
made by stacking fresh green alfalfa. Daily weight gains were approxi-
mately equal in the brown-hay and normal-hay groups. Steers fed the black
alfalfa gained 25 per cent less and their final market value per hundred-
weight was appreciably lower. Stack-browned alfalfa hay was compared
with field-cured alfalfa for short periods during each of two years in single
reversal feeding trials with dairy cows at the same station (6, 7, 8). Each
type of hay was used with a basal ration which included sorgo silage and
a grain mixture of corn chop, wheat bran, and linseed oil meal. The cows
consumed 5.5 per cent more grain and produced 4.3 per cent less milk when
fed brown hay than when fed normal green hay.

Brown hay slightly surpassed green hay of the same cutting for the
growth of lambs fed fattening rations of alfalfa hay, barley grain, and salt
(18). In digestion experiments with sheep (11), the coefficients of digesti-
bility for dry matter, crude protein, nitrogen-free extract and crude fiber
were approximately the same for brown hay of excellent quality as reported
by ‘other investigators for ordinary green hay.

The palatability of brown hay has been considered by several workers.
Maynard, Esplin, and Boswell (18) reported that cattle usually consumed
brown-cured alfalfa with less waste than green-cured alfalfa. Willard (28)
found less sugar in stack-browned alfalfa but the palatability of the hay was
retained. Folger (11) suggested that the good results with brown alfalfa
hay reported by livestock feeders may be explained on the basis of the ani-
mals eating more brown hay than ordinary hay. Cannon, Collins, and Espe
(5) observed no difference in palatability between brown hay and green hay,
but blackened hay was less palatable to lactating cows. Reed (23) reported
the results of dairy feeding tests, from which it was concluded that alfalfa
hay was not made more palatable by browning in the mow.

MATERIALS AND METHODS

This investigation consisted of two parts: 1. A series of digestion trials,
and 2. A double reversal feeding test. )

Six cows, divided into three groups of two cows each, were used to deter-
mine the apparent digestibility of : 1. Normal alfalfa hay, 2. Brown alfalfa
hay, and 3. Black or charred alfalfa hay. All the hay represented first
cutting, the normal and brown hays being from the same source and from
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different sections of the same stack, but the charred hay was from a different
source. The digestion trial extended over a 10-day feces-collection period
beginning January 28, 1941. The trial was preceded by a 13-day adjust-
ment period during which the animals were shifted from normal herd feed
(alfalfa hay, silage, and a grain mixture) to alfalfa hay supplemented only
with drinking water. The cows received all the alfalfa hay they would eat,
and were fed and watered twice daily. The normal and brown hays were
fed as long hay, but the charred hay was chopped when stacked. The feeds
were weighed and sampled daily. Feed refusals were obtained from only
one cow, and 5 per cent of each portion of her waste feed was sampled for
analysis. The freshly voided feces were accumulated in covered metal con-
tainers by 24-hour periods. Five per cent by weight of each day’s collection
of feces was acerued as a composite sample, preserved by daily additions of
5 cubic centimeters of chloroform. The average body weight of each cow
was obtained at the beginning of the adjustment period, and at the beginning
and end of the 10-day collection period, from weights taken on three con-
secutive mornings before feeding, watering, or milking. The cows remained
in stanchions throughout the feces-collection period.

Normal alfalfa hay and brown alfalfa hay were compared in a 90-day
double-reversal feeding test, starting January 21, 1941. The test consisted
of three 30-day periods, each divided into a 10-day preliminary period and
a 20-day test period. Two groups of four cows each were balanced at the
beginning of the test in so far as possible with respect to breed, stage and
level of lactation, and milking frequency. The cows in Group I were fed
normal hay during Period 1, brown hay during Period 2, and normal hay
during Period 3. The Group II cows were fed just the reverse, being
started on brown hay, changed to normal hay, and then back to brown hay.
Four cows were used in each group during the-feeding test, but two cows
in each group were so low in production that it seemed unjustifiable to
include data from them in interpreting the results. The authors recognize
the limitations of the small groups but present the results only as supple-
mental data to the digestion trials. The normal hay and brown hay (same
stack of brown hay as used in digestion trials) fed to these cows were from
different sources but were both first cutting. All hay was chopped prior to
feeding after the first week of the experiment in order to obtain more accu-
rate feeding data. The normal hay was fed at a daily rate of approximately
20 pounds per 1,000 pounds of body weight; and sufficient brown hay was
fed to equal the dry matter intake of normal hay, based on moisture analyses
made every five to seven days during the test. In addition to hay, both
groups of cows were fed Atlas sorgo silage and a grain mixture (400 parts
by weight of ground yellow corn, 200 ground oats, 200 wheat bran, 100 soy-
bean oil meal, 10 salt, and 10 steamed bone meal). The number of pounds
of silage fed was the samé as that of hay, all necessary adjustments being
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made at the beginning of each 30-day test period. Proportionately more
hay was fed than normally, since hay was the variable being tested. The
erain mixture was fed at the daily rate of 0.4 of a pound for each pound of
milk in execess of 16 pounds for Holsteins and 0.6 of a pound for each pound
of milk in excess of 10 pounds for Jerseys. Grain feeding was adjusted
aceording to the milk production of each cow at the beginning of each 20-day
test period. Wood shavings were used for bedding. The cows were kept
in stanchions except for brief daily periods of exercise. Rations fed and the
milk produced were recorded, and samples of each were composited at regu-
lar intervals for chemical analysis. Feed refusals were weighed once daily
and discarded without sampling for analysis. The average body weight of
each cow was obtained at the beginning and the end of each 20-day test
period from weights taken on three consecutive mornings before feeding,
watering, or milking. ' ;

All samples, except those for which moisture only was determined, were
analyzed under the supervision of the Department of Chemistry in the
Kansas Agricultural Experiment Station.

RESULTS AND DISCUSSION

Chemical composition. The chemical analyses (table 1) show that the
normal and brown hays from the same stack, and the black hay from another
source, each contained more than 21 per cent of protein (oven-dry basis)
whereas Morrison’s (20) average for 632 samples from many sources is 16.3
per eent. The crude fiber content of the normal and brown hays also was
lower than Morrison’s average. The experimental hays were of excellent
quality from the standpoint of leafiness which, together with the high pro-
tein content shown by the analyses, is to be expected since hay stacked with
sufficient moisture to cause ‘‘browning’’ usually retains a higher percentage
of leaves than hay more thoroughly cured in the field.

The ash content of the hay appears to have increased as the degree of
excessive heating increased; however, the percentages of calcium and of
phosphorus were approximately the same in the heated as in the normal hay.
Swanson, Call, and Salmon (25) reported that the ash content was a mea-
sure of loss of organic matter and nutrients. On that basis the 10.60 per
cent of ash in brown hay would be equivalent to the ash in 109 pounds of
normal hay (of 9.72 per cent ash), or a loss in organic matter of 8 per cent
more than normal hay during the storage period. If the black hay contain-
ing 11.66 per cent ash is assumed to be of the same original quality, the ash
would be equivalent to 120 pounds of normal hay, and the loss would be
17 per cent greater than in the normal hay during storage. Both losses are
less than reported by Swanson et al. (25) for similar types of hay. The
three hay samples (normal, brown, and black) used in the digestion trials
had approximately the same protein content; but if adjustments are made,
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as above, for differences in losses of organic matter during storage, the pro-
tein content of the brown hay would be equivalent to 19.3 per cent in terms
of material having the same organic matter and ash content as the normal
hay (a loss of 10.3 per cent more than normal hay) versus 17.5 per cent of
protein in the black hay (a loss of 18.6 per cent).

Crude fiber and nitrogen-free extract were the constituents most mark-
edly affected by storage conditions as indieated by analyses of samples of
hay used in the digestion trials. Using the ash factor for storage-loss adjust-
ment, however, the brown hay was found to contain only 3 per cent more
fiber and the black hay 15 per cent more than normal hay. As the degree of
excessive heating increased, the nitrogen-free extract content was lowered

TABLE 1

Chemical composition of alfalfa hays used in digestion trials and in double-reversal
feeding test, compared with data reported by Morrison (20)

Deseription e Composition of dry matters

P 018-

of alfalfa ture Crude Ether Crude Ash N-free Ca P

hay protein extract fiber extract
Used in digestion trials
Normalb ... 20.4 21.51 2.40 25.20 9.72 41.16 1.53 | 0.29
Browne . 114 21.04 1.93 28.17 10.60 38.27 1.56 | 0.30
Blackd .. 16.9 21.03 1.85 35.03 11.66 30.42 1.57 | 0.28
Used in double-reversal feeding test
Normal 12.5 15.01 2.19 34.47 9.46 38.87 | e |
Brown .. 14.6 22.09 2.06 27.83 11.02 37.00 | e | e
Analyses reported by Morrison

Normale ... 9.6 16.3 2.2 32.1 9.2 40.2 1.58 | 0.23
Brownf .. 10.2 16.3 - 14 27.5 10.4 444 | eaw | s

a Dry matter of experimental hays determined by drying in an oven at 100° to 105° C.

b Good quality, leafy hay from outer portion of stack on College farm.

¢ Similar to the normal hay, except selected from inner portion of the same stack.

d Coarsely-chopped hay selected from the remains of a partially-burned stack on a
nearby farm.

¢ Representing 632 samples.

f Representing one sample.

according to analyses of the samples; when adjusted for ash changes, the
loss during storage in the brown hay was 15 per cent and the black hay 39
per cent more than in normal hay. When similarly computed, the loss in
ether extract was 26 per cent more for the brown hay and 36 per cent more
for the black hay.

Comparisons of analyses for the two hays used in the double-reversal
feeding test indicate that the brown hay originally was much higher in
protein and lower in fiber than the original normal hay. However, the
sample of the brown excessively-heated hay contained more ash, less nitro-
gen-free extract, and somewhat less ether extract than the sample of normal
hay.
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Digestion trials. The digestibility-coefficients (table 2) show that exces-
sive heating lowered the apparent digestibility of all the measured constitu-
ents, except ether extract, and the greater the apparent degree of heating
the greater the reduction in digestibility. Of the dry matter in normal hay,
an average of 61 per cent was digestible, while in brown hay an average of
41 per cent was digestible, and in black hay 27 per cent. Thus, excessive
heating during storage resulted in an average reduction in digestibility of
dry matter in brown hay of 33 per cent, and 56 per cent in black hay com-
pared with normal hay. The black hay was 33 per cent less digestible than
brown hay in dry matter. Digestibility of erude protein was affected more
than any of the constituents—averaging 67 per cent for normal hay, 17 per
cent for brown and 3 per cent for black, or a reduction of 75 per cent in
digestibility for brown hay and 96 per cent for black hay. The average
digestibility of erude fiber was reduced from 41 per cent for normal hay to
36 for brown and 14 for black, or a reduction of 22 per cent for brown and
66 per cent for black hay compared with the normal hay. Nitrogen-free
extract averaged 72 per cent in digestibility for the normal hay, 59 per cent
for the brown, and 53 per cent for the black. Thus, the reduction from
normal hay was less than for the constituents previously mentioned—being
18 per cent for brown hay and 26 per cent for black. Ether extract was the
exception, in that the apparent digestibility averaged higher for the exces-
sively heated hays than for normal (normal hay 25 per cent, brown hay 33,
and black 43). The coefficients of digestibility for the various constituents
of the normal hay are in reasonable agreement with the average of 242 trials
reported by Morrison (20), considering the fact that only one source of hay
is involved, and that it was of a better than average quality.

By applying the digestibility-coefficients to the analyses of the different
hays, it was found that the normal hay contained 14.4 per cent digestible
protein, the brown hay 3.4 per cent, and the black only 0.6 per cent (table
2). Thus, the brown hay contained 23 per cent as much as normal hay, and
black hay only 4 per cent as much, or a reduction caused by excessive heat-
ing during storage of 77 and 96 per cent, respectively. Similarly, the con-
tent of total digestible nutrients in normal hay was 55.7 per cent, in brown
hay 37.5 per cent, and in black hay 23.4 per cent. The brown hay, there-
fore, contained 67 per cent as much and the black hay 42 per cent, or respec-
tive reductions of 33 and 58 per cent.

A measure of the relative palatability of the hays is indicated by the
fact that the cows fed normal hay consumed an average of 20.2 pounds of
dry matter daily per 1,000 pounds of body weight, while the cows fed brown
hay averaged 15.0 pounds, and those fed black hay averaged only 10.0
pounds. Therefore, the cows consumed 26 per cent less dry matter as brown
hay and 50 per cent less as black hay than in the form of normal hay. The
daily intake of digestible protein per 1,000 pounds of body weight averaged
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2.91 pounds for normal hay, 1.51 pounds for brown hay, and only 0.06 of
a pound for black hay. The daily intake of total digestible nutrients per
1,000 pounds of body weight averaged 11.26 pounds for normal hay, 5.63 for
brown hay, and 2.34 pounds for black hay.

Water consumption was less for the cows fed excessively heated hay.
The cows fed normal hay drank an average of 105 pounds of free (tap)
water daily per 1,000 pounds of body weight, those fed brown hay 64 pounds,
and those fed black hay 49. After water in the milk produced was sub-
tracted from the total water intake (free water plus water in hay), the net
water consumption averaged 99 pounds for the cows fed normal hay, 58
pounds for those fed brown hay, and 47 pounds for those fed black hay.
Total water per 1,000 pounds of body weight, less water in the milk pro-
duced, was consumed at the average rate of 4.9 pounds per pound of dry
matter intake by the cows fed normal hay; similarly, the cows fed brown
hay consumed an average of 3.9 pounds of water per pound of dry matter,
and the cows fed black hay 4.7 pounds of water. The total water intake
appeared low for the brown hay and black hay groups, particularly the
latter, averaging 32 per cent less for the cows fed brown hay and 60 per
cent less for those fed black hay than for those fed normal hay. The ratio
of water intake to dry matter intake per 1,000 pounds of body weight, how-
ever, was higher than those calculated from data reported by Atkeson and
‘Warren (1) for cows fed more complete rations.

The cows fed normal hay received two and a half times their protein
requirements and approximately the required amount of total digestible
nutrients, according to Morrison’s (20) feeding standard for good cows.
The cows fed brown hay received approximately half the needed protein
and total digestible nutrients, while the cows fed black hay received one-
fifteenth of the needed protein and one-fourth the total digestible nutrients,
in spite of the fact that all cows were fed all the hay they would -consume
readily. The deficiency in nutrient intake in the groups fed brown and
black hays, particularly the latter, would indicate that the coefficients for
these hays are conservative because of the effect of endogenous nitrogen
under such conditions.

During the digestion trials, all cows fed the brown and black hays lost
weight, especially during the preliminary period, and became gaunt in
appearance ; and the cows fed black hay showed signs of uneasiness and a
craving for something. Feces voided by the cows fed excessively heated hay
were dark to black, those from the black hay ration being hard,'dry, flattened
pellets (fig. 1). Whether these conditions of the cows, particularly those
fed black hay, were due to lack of digestible nutrients, lack of water, or a
combination of both, is unknown. ]

The excessively heated alfalfa hays used in these trials were produced

_unintentionally and varied somewhat in texture and color intensity. The
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Fi1g. 1. Feces voided by cow 311A on February 6, 1941, following a period of
feeding on chopped, black, alfalfa hay. (Photo by courtesy of Paul Dittemore.)

brown alfalfa varied from a light-brown, soft-stemmed grade to a rather
dark-brown, moderately crisp hay, and was regarded as averaging somewhat
darker than aromatic, tobacco-brown hay even though considerable amounts
of the latter grade were included ; a special effort was made to exclude dark,
crisp hay in the central part of the stack. The black alfalfa varied from a
dark-brown, crisp hay to a black, somewhat charred grade; it was selected
as the least-severely damaged hay from a stack filled with chopped hay at
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F1e. 2. Lactation graphs of cows during double-reversal feeding test in which nor-
mal and brown alfalfa hays were compared in rations containing Atlas sorgo silage and a
grain mixture. Data plotted as three-day moving averages for milk as produced.
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the time of harvest, and it was necessary to extinguish several small ‘fires
in the stack when hay was removed for the feeding tests.

No attempt was made in these experiments to determine the nature of
the changes responsible for the altered digestibility of the various fractions
in the excessively heated hays. However, in so far as protein is concerned,
the reported ability of ruminants to synthesize proteins from simple nitroge-
nous substances probably by bacterial activity (13) has suggested either that
feeding brown hay interfered in some manner with micro-floral activity in
the cow’s body or that excessive heating of the hay transformed crude pro-
tein in the hay to some complex, unavailable form of nitrogen.

Double-reversal feeding test. The lactation graphs (fig. 2) from the
double-reversal feeding test in which the productive value of brown hay was
compared with normal hay are presented only to supplement the digestion
trials, as the limitations of data resulting from the use of only four cows are
fully realized. Similar feeding tests with dairy cows by Cave and Fitch
(6, 7, 8) of this station and others (5, 23) were more comprehensive. Also,
the chemical composition of the brown hay used in this test indicated that
it originated from hay which was superior to the normal hay with which it
was compared.

Average daily milk production was somewhat greater during the normal
hay feeding periods than when brown hay was fed (fig. 2); however, the
number of experimental cows was insufficient to justify statistical treatment
of the results. Unpublished data obtained from this test show that brown
hay was eaten more readily than normal hay, as indicated by more than
twice as much normal hay being refused. This was probably caused either
by the greater leafiness of the brown hay or by the lower nutrient intake per
pound of hay eaten, resulting from excessive heating as previously shown
by the digestion trials. These results show that under some conditions
brown hay may be more palatable than normal hay, particularly when the
hays come from different sources and are of different original qualities.
During this feeding test, hay represented slightly more than 50 per cent
of the dry matter in the total ration.

SUMMARY AND CONCLUSIONS

Normal, long alfalfa hay was compared in chemical composition and in
apparent digestibility with brown, excessively heated hay from the same
source and with black excessively heated, chopped hay from a different
source. The alfalfa hay was supplemented only with drinking water. Each
type of hay was fed to two dairy cows in amounts equal to the animals’
appetites. The data on digestibility were supplemented by comparisons
with four cows in a double-reversal feeding test of the same type of brown
hay with normal alfalfa hay from a different source. During most of this
test, both hays were chopped before feeding; the hay supplied approximately
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50 per cent of the total dry matter intake and was fed in conjunction with
sorgo silage and a grain mixture,

The following interpretations of results seem justified :

) 1. Chemical analyses showed that brown hay contained more ash and
more crude fiber than normal alfalfa hay from the same stack, and that
excessive heating during storage resulted in decreased percentages of nitro-
gen-free extract and of ether extract. Similar, but larger, differences in
percentage composition were noted between the normal hay and a black
grade of alfalfa hay obtained from a different source.

2. Excessive heating during storage consistently lowered the apparent
digestibility of all nutrients measured, except that of ether extract which
was consistently greater in the heated hays. Protein was affected most, with
average digestibility-coefficients of 67 for normal hay, 16 for brown hay, and
3 for black hay. Average coefficients for the other nutrients in the normal,
brown, and black hays, respectively, were: Dry matter—60, 41, and 27;
ether extract—25, 33, and 42; crude fiber—41, 36, and 14 ; and nitrogen-free
extract—72, 59, and 53. The digestible protein and total digestible nutri-
ents in these hays were calculated to be as follows: 14 and 56 for the normal
hay, 3 and 38 for the brown hay, and 0.6 and 23 for the black hay.

3. When alfalfa hay was the sole source of dry matter in the ration, the
daily intake of dry matter per 1,000 pounds of body weight was—20 for
normal hay, 15 for brown hay, and 10 for the black hay. In terms of digesti-
ble nutrients, these daily intakes were equivalent to 2.9 pounds of digestible
protein and 11.3 pounds of total digestible nutrients for the cows fed nor-
mal hay, 0.5 and 5.6 for the brown-hay cows, and 0.06 and 2.3 for the black-
hay cows.

4. When dairy cows were limited to rations of alfalfa hay and tap water
fed to the limits of the animals’ appetites, nutrient intakes were adequate
for the cows fed normal hay, but were decidedly inadequate for the cows fed
the brown and black hays. Under these conditions, the total daily water
intake minus the equivalent of that in the milk produced was: 4.9 pounds
of water per pound of dry matter consumed in normal hay, 3.9 for brown
hay, and 4.7 for the black hay. The cows fed heated hays lost considerable
in body weight, developed a gaunt appearance, and—in the case of the black
hay—also became uneasy and appeared to crave something in their rations.
Feces voided by cows fed excessively heated hay took on a dark to black
appearance, contained less moisture, and those resulting from the black hay
were voided in the form of hard, dry, flattened pellets. #

5. When fed in conjunction with sorgo silage and a grain mix and com-
pared. with normal hay from a different source, the brown alfalfa hay was
consumed in greater amounts; but average daily milk production appeared
to be somewhat in favor of the normal hay. However, these comparisons
were limited to only four cows in a double-reversal feeding test, and the
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chemical analyses indicated that the original quality of the brown hay .was
superior to that of the normal hay both in protein and in fiber content.

6. These results show' that excessively heated alfalfa hay may be de-
cidedly inferior in nutritive value to green alfalfa hay, and that this impair-
ment in feeding value is more or less proportional to the intensity of brown
to black color developed during excessive heating of the hay. Palatability
observations—as measured by feed intakes and refusals—showed that brown
alfalfa hay was less palatable than normal green hay from the same stack,
but that this same type of brown hay was more palatable than normal green
hay obtained from a different source and apparently containing less protein
and more fiber than originally present in the alfalfa from which the brown

hay was produced.
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BODY SIZE AND LACTATION RATE

MAX KLEIBER axp 8. W. MEAD

Division of Animal Husbandry, College of Agriculture, University of Califorhia,
Davis, California

AGE AND WEIGHT CORRECTION OF LACTATION RECORDS

Not only standardization of environmental conditions, but age and
weight ‘‘corrections,’’ are means of making production records a reliable
expression of inherent ability to produce milk.

Dickerson (2) has noted a significant increase in repeatability of records
from age corrections. Age correction reduced the variance for the first
240-day butterfat yield to 4 of the uncorrected variance. In contrast,
Gaines, Rhode, and Cash (6) suggest substituting weight correction for
the ‘‘biologically unsound principle of age correction.”

Since cows, as a rule, continue to grow from their first lactation up to
the age of 5 years, age and weight during this period are probably corre-
lated. What is designated as an age correction may, then, to some extent
be a hidden correction for weight.

To disentangle the combined effects of age and weight, the effect of one
of these factors should be determined independently. The effect of weight
as such can be derived on the basis of the theory that the productive capacity
of animals is on the average proportional to their metabolic body size or
the 2 power of their body weight. This theory, suggested by Kleiber, was
tested and confirmed by Brody and his co-workers. (On the literature see
reference, 7.)

EMPIRICAL DETERMINATION OF WEIGHT EFFECT ON LACTATION RATE

Kleiber and Mead (7) showed why it is almost impossible to determine
empirically the effect of size on lactation rate within one herd. The effect
of size per se could be measured only if differences in inherent lactation
ability among other variables could be eliminated. For such elimination,
obviously, inherent lactation ability should at least be defined. Its defini-
tion for cows of different size, however, includes knowledge of the effect
of size per se on production rate.

Undisturbed by these considerations, Gaines (5) claimed in a later publi-
cation that ‘‘within a dairy breed and within a herd (comparable environ-
ment) FCM (fat-corrected milk) is proportional to the 1.07th power of
live weight.”” (The italics are ours.) This conclusion would support
Gaines’s (4) earlier notion that ‘‘potential lactation capacity (present or
capable of development) is proportional to live weight.”’

Gaines’s recent conclusion, however, is open to serious criticism :

Received for publication July 5, 1944.
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1. The cows that he chose to prove his point were fed only alfalfa hay,
to measure its nutritive value, and were 50 per cent below full production,
as shown in the original publication by Dawson, Kopland, and Graves (1,
table 10, p..,29). Cows whose production is reduced by feed restriction
seem to be a rather unfortunately chosen source of information concerning
the effect of size on lactation capacity.

2. More serious still is the selection of 1.07 as the representative exponent
for body weight in its effect on lactation rate. This selection is made from
exponents which range from 0.28 for body weights measured at the ninth
month of lactation, to 1.49 if the body weight at the fourth month of lacta-
tion is chosen as the basis of body size. The correlation between 8 months’
milk yield and body size is greatest (in the sample chosen by Gaines), to
be sure, when body weight at the first month is used. (For the 10 months’
milk yield it appears greatest for the fourth month’s body weight.) None
of the correlation coefficients, however, given in Gaines’s table 1, which is
based on 11 results, exceeds significance at the 1 per cent level of random
probability as listed, for example, in table 7.2 of Snedecor (8). The differ-
ence between the correlation coefficients for the first month’s weights and
that for the fourth month’s is insignificant. .

3. Aside from these two criticisms Gaines’s recent result, cited in support
of his notion that lactation rate is proportional to body weight, is statisti-
cally very unreliable. The regression coefficient for the logarithm of yearly
lactation rate and logarithm of body weight, calculated from the data in
a U. 8. Department of Agriculture bulletin, (1 table 10), amounts to
0.76 == 0.59. The formula for calculating the standard deviation of the
regression coefficient is found in Ezekiel’s book on methods of correlation
analysis (3, p. 252).

This is not a test for Gaines’s calculations as such. The latter were
based on milk energy, whereas the result here obtained is based simply on
pounds of milk yield. Our calculation is used only to estimate the varia-
bility, which, judging from data in our own herd, is (within one herd) of
the same order of magnitude for milk energy and for pounds of milk. With
this variability, one would need the results from more than 500 cows to
show a barely significant difference (random probability 5 per cent) be-
tween production rate per unit weight and per unit of metabolic body size,
whereas (Gaines based his conclusions on 11 records involving only 8 cows.

As reported earlier (7), in 24 Holsteins of the University of California
herd the 10 months’ milk energy vield did not, on the average, increase with
increasing body weight; indeed, it decreased slightly. This trend appears
to be somewhat enhanced when we use pounds of milk instead of milk
energy, and the first month’s weight instead of mean weight for a period,
in order to compare our Holsteins with those of the U. 8. Department of
Agrieulture herd. The difference between the best-fitting weight exponent
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of the U. S. D. A. Holsteins (11 records), namely 0.76 = 0.59, and that of
the University of California Holsteins (23 cows), namely —0.32 =+ 0.55, is
statistically insignificant. Thus, in one case the lactation rate appears to
increase in proportion to an increase of the ¥ power of body weight; in the
other it appears even to decrease in proportion to the cube root of increasing
body weight ; yet there is no statistical significance in the difference between
such extremes. This comparison best illustrates the reliability of Gaines’s
statement that the production rate is proportional to the 1.07th power of
live weight.

Undoubtedly one can find many lactation records from which he can
calculate that the lactation capacity of cows within one herd is proportional
to body weight. Somebody else, however, might advance the opposing
theory that within one herd the smaller cows produce more milk than the
larger ones—and could also find records to prove his hypothesis. Again,
some other investigator, using Gaines’s method, might find ‘‘support’’ for
a theory that lactation rate within a herd is proportional to the square of
body weight.

HOW MANY COWS MIGHT PROVE THE POINT ?

The explanation for this state of uncertainty is, of course, the variability
of lactation rate aside from variations of body weight. The mean daily
milk energy for 42 Jersey cows of the University of California herd
amounted to 139 =5 kecal. per kg.?; that of 24 Holsteins to 126 =+ 3.
The coefficient of variation of the lactation rate per unit of the metabolic
body size was = 22 per cent for the Jerseys and = 11 per cent for the Hol-

TABLE 1

Number of cows per herd necessary for significant difference between a herd with
production rate proportional to body weight and a herd with produc-
tion rate proportional to the ¥ power of body weight*

1 ] 2 3 4 5
Mean body weight Difference inmean Relative differ- 1\111u11(11ber of cowsfper
rei ence in bod, €rd necessary 1or
LT[ of | Pedrweightichmen | enclinly | e
- 5 light = heavy cows of each (3) efiea i prodiigrion
2 2 Yerd s Nl rate as funetion
cows cows mean weight of body size
Ib. 1. ‘ .
400 1600 1200 1.2 11
600 1400 | 800 0.8 18
800 | 1200 [ 400 0.4 66
900 1100 200 0.2 256
950 1050 ) 100 0.1 1064
1000 1000 0 0.0 0

* The calculation is based on the following assumptions:
1. Mean body weight for each herd is 1000 pounds.
2. Each herd has the same mean production rate.
3. Each herd has the same standard error of production rate amounting to 5 of
the mean production rate.
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steins. This variability in production rate obviously overshadows the effect
of size the more, the smaller the differences in body size are.

For the sake of argument we may assume that in a herd of cows the pro-
duction rate is proportional to body weight, and that in another herd, with
the same weights of cows and the same mean production, the production
rate is proportional to the 4 power of body weight. We may further assume
that the standard error of production.rate for each herd amounts to =+ 10
per cent of the mean production rate—a rather optimistic assumption, as
our records indicate. Table 1 shows how many cows per herd will be neces-
sary to make the difference in production rate (as a function of body size)
between the two herds statistically barely significant.

The calculation of this table is given in the appendix. _

Within one herd, size differences are bound to be relatively small. This
" faet largely explains the hopelessness of attempting to calculate general
size effects on lactation rates from data within one herd.

RELATIVE LACTATION CAPACITY

If production records are to be corrected for body size at all, it seems
most advantageous to express production rates per unit of the metabolic
body size and thus to make these rates directly comparable between animals
that vary in size as much as rats and cows. Table 2 gives the metabolic
size for weights varying from 600 to 1,600 pounds. The use of this table

TABLE 2
Metabolic body size vs. body weight for cows
oty | Ut | moay | At | mogy | Yela | mogy | Neit | moay | M
weight | o o weight siva weight| " o weight iz weight size
b, kg.% 1b. kg2 [/ kg b. kgi 1b. kgt
600 67 800 83 1000 98 1200 113 1400 126
10 68 10 84 10 99 10 113 10 127
20 69 20 85 20 100 20 114 20 128
30 70 30 85 | 30 100 30 115 30 128
40 70 40 86 | 40 101 40 115 40 129
50 71 50 87 | 50 102 50 116 50 130
60 72 60 88 60 103 60 117 60 130
70 73 70 88 ‘ 70 103 70 118 70 131
80 73 80 89 80 104 80 118 -80 132
90 74 90 90 90 105 90 119 90 132
700 75 900 91 1100 106 1300 120 1500 133
10 76 10 92 10 106 10 120 10 134
20 T 20 92 20 107 20 121 20 134
30 78 30 93 30 108 30 121 30 135
40 79 40 94 40 108 40 122 40 136
50 79 © 50 94 50 109 50 | 123 50 136
60 80 60 95 60 110 60 124 60 137
70 81 70 96 70 111 70 124 70 138
80 82 80 97 80 111 80 125 80 138
90 82 90 97 90 112 90 126 90 139
800 83 1000 98 1200 113 1400 126 1600 140
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makes the calculation of the relative lactation capacity just slightly more
time-consuming than the calculation of the production rate per unit weight.
This extra time is a small price to pay for a great increase in the range of
application of results and for the establishment of a sound basis on which
to calculate partial effects of age on lactation rate.

Relative lactation capacity defined as milk energy per day (the mean
of 10 months’ production) per unit of the mean metabolic body size (in kg.?)
should be used in summaries on lactation records. This relative lactation
capacity would be valuable as a major criterion of selection for breeding
dairy cattle.

SUMMARY

The influence of age on lactation rate can be determined when the effect
of body size is derived independently. This derivation can be made on the
basis of the theory that lactation capacity is proportional to the metabolic
body size ($ power of body weight) of the cows.

There are two reasons why the effect of body size on lactation rate cannot
be calculated from records within one herd : first, the variability of lactation
rate, aside from the influence of size, ranges from = 10 to = 20 per cent
of the mean rate, even in well-bred herds kept under uniform conditions;
second, size differences within each of those herds are usually rather small.

The unreliability of results from a recent attempt to calculate size effects
on lactation rates within a herd is demonstrated. A table is calculated show-
ing the number of cows necessary to distinguish significantly between pro-
duction rate per unit weight and production rate per unit of metabolic body
size.

A table is supplied in which metabolic body size of cows can be read
directly when body weight in pounds is given.

Lactation rate per unit of metabolic body size (3 power of body weight)
is a sound basis for calculating the effects of age on lactation rate.

The average daily milk production during a 10-month period, expressed
as milk energy or fat-corrected milk, and divided by the mean metabolic
hody size, is suggested as an important result in summaries of production
records. When the cows have been kept under quasi-optimal conditions,
such a result may be known as relative lactation capacity. This term, which
expresses quantitatively the inherent ability of cows for milk production,
would be useful as a major criterion for breeding dairy cattle.

APPENDIX

Number of cows necessary for significant difference between
production rate per unit body weight and rate per
: unit of the % power of body weight

In seeking to estimate how many cows are probably necessary to decide
between body weight or its } power as the more suitable base for comparing
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production rates, we may consider two herds. One half of the cows of
each herd shall all have the same weight W; (light). The other half shall
have the same weight W; (heavy), so that the mean weight of all the cows
of each herd shall be W,,. The mean rate of milk production for both herds
shall also be the same, M.

The production rate in herd @, however, shall be proportional to body
weight. '

Po= M (1)

The production rate in herd K shall be proportional to the metabolic body
size, or the 4 power of body weight.

o Pr=M—

The heavier cows of herd G will have a greater mean production rate
than the heavier cows of herd K, and the lighter cows of herd G will have
a smaller mean produection rate than the lighter cows of herd K.

We assume further that in both herds the standard error of a single pro-
duction rate is = 10 per cent of the mean rate of both herds, so that

i =t 0 17, (R —— 3)

Then our question is, how many cows (%) in each herd are necessary to
make the difference in their production rate, as a function of body size,
statistically barely significant—namely, with a random probability of 5
per cent?

The difference in production rate of the heavier cows of the two herds,
namely

Wi Wit
(Po—Pg)n=M <W—m_ TV,,,*)
measures the difference in size effect on production rate above the mean,
M. Similarly, the difference in production rate of the lighter cows,
(Pr=Pa)i- M (- 17
measures the difference in size effect on production rate below the mean, M.
The mean of the two differences, namely
(Pe—Px)s+ (P—Pa)1 _ %(th— Wz_ VV:.3~W13>
2 2 W, Wt
measures the mean difference in the effect of body size between that propor-
tional to weight and that proportional to the £ power of weight.
The significance of this mean difference is measured by the quotient of
the difference and its standard error.
‘With a’standard error of = ¢ of the production rate of one cow, each of
the two differences between the heavier halves and between the lighter

halves of the two herds, (g cows), is subject to an error of
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AT (5)
Er="y/ i
2
The error of the mean of the two differences therefore is
2 (ga)? 2¢
e L TP | - T — (6)
(dl-;dh) \/ ) &4 \/n

The significance ratio of the mean difference in the production rate as funec-
tion of body size is consequently
Z_I{<Wh -W, Wii- Wﬁ)

_M(Wh -W, Wii- Wﬁ)

2 Wm - vvmg Wm 1Vm2
- 2c e 4e
vV
since, according to Kleiber and Mead (7), e=01 M
Wi—-W; Wi-W3a
T | Wm - ng
t=\n Y Y S (7

For significance with a random probability of 5 per eent, { =2 when » is
large. Introducing this value into 7 leads to
0.64
"= <Wh—Wz Wﬁ—Wﬁ)Z ®)

Wﬂl - W?ﬂ/g
The figures for the smaller numbers of # were multiplied by the
2
factor a—beeause with small numbers a 5 per cent random probability

requires t’s greater than 2. The #’s for the correction were taken from
Snedecor. (8, table 3.8, p. 55).
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EVAPORATED MILK AS RELATED TO GREENISH
DISCOLORATION IN COFFEE o

W. C. COLE anp N. P. TARASSUK
Division of Dairy Industry, University of California, Davis, California

Evaporated milk is.often added to coffee as a means of modifying the
color and flavor. Because of certain defects that may oceur in the milk or
the coffee, the desired.results are not always obtained. One such defect
encountered under certain conditions in the home is the occurrence of a
dark-greenish or greenish-black discoloration as soon as the milk is added
to coffee. The trouble is most likely to be encountered where only one mem-
ber of a family is using evaporated milk. Under such conditions a partly
empty can may remain in the refrigerator for several days—sometimes
longer than a week.

Although this discoloration has been observed by one of the authors for
several years, not until lately was it realized that the defect is common. The
authors are unaware of any previous report dealing specifically with the
problem.! A request from members of the evaporated-milk industry for an
explanation of the trouble prompted the present study.

PROCEDURE

The coffee used in these tests was prepared by bringing 1000 ml. of water
to a boil in a glass beaker, adding 48 grams of coffee tied loosely in cheese-
cloth, boiling for 5 minutes with frequent stirring, and then removing the
cloth containing the coffee grounds. Occasionally larger or smaller batches
were brewed ; but the same proportion of water to coffee was used, and the
same method of boiling maintained.

The coffee thus prepared was mixed with evaporated milk in test tubes
in the proportions of 9 ml. of coffee to 1 ml. of evaporated milk. The tubes
made it easy to observe and compare the resulting colors; furthermore, they
required the use of less material than coffee cups would have done.

The discoloration intensity of the coffee and milk mixtures is reported
in ppm. of iron. In arriving at these values, iron in the form of ferric
chloride was added to a series of control tubes of coffee and freshly opened
evaporated milk, and the degree of discoloration in the unknowns matched
with that of the controls containing known concentrations of iron. The
color intensity determined in this manner was shown by analysis to serve
as a fair approximation of the iron content of evaporated-milk samples.

Received for publication July 11, 1944,
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Certain of the samples were analyzed for iron. The procedure was the
filtration method of Moir and Andrews (2), with suitable modifications for
estimating the iron content of evaporated milk.

RESULTS

All samples of evaporated milk used in the study were satisfactory when
freshly opened. None of them gave a noticeable greenish-black discolor-
ation until the open cans had been allowed to stand.

The first comparisons made involved ten common brands of evaporated
milk. The cans were numbered. In addition, two cans that had been stored
unopened in the laboratory were included. One of these (can 8) had been
kept a year; the other (can 12) over three years. The latter sample, though
lumpy, produced no objectionable discoloration in coffee.

The twelve cans were opened by punching two small holes in the top of
each. Before they were stored in a refrigerator at about 45° F., approxi-
mately one-fourth (100 ml.) of the milk was poured from each can into a
sterile 125-ml. Erlenmeyer flask. The flasks were stoppered and placed in
the refrigerator with the cans. The milk was tested at 3- to 5-day intervals
for a month. When, after 8 days, none of the samples would produce dis-
coloration in coffee, three-fourths of the milk from can 6 was removed in an
attempt to hasten the development of the defect. The results for the twelve
cans may be summarized as follows: can 2 produced discoloration on the
32nd day; can 1,4, 5,7, 9, and 12 produced none. Of the remaining cans,
No. 10 showed the defect on the 24th day; No. 3 on the 17th; Nos. 8 and 11
on the 15th; and No. 6 (which contained the least milk) on the 12th day.

Clearly, when cans of evaporated milk are left two-thirds to three-fourths
full, considerable time is required for the defect to appear. Some variation
oceurred with different brands treated in the same manner; but sample 6,
where only one-fourth of the milk was left in the can, showed the defect most
quickly. It is remarkable that 50 per cent of the samples did not cause the
discoloration even after 32 days of storage. None of the control samples
kept in glass containers developed the defect.

The following comparison was designed to show the influence of remov-
ing various amounts of evaporated milk from the cans before storage. Milk
in four large (14%-0z.) and four small (6-0z.) cans was used. Each set
included cans %, £, 1 and < full. All these samples were obtained from the
same batch of evaporated milk.

Figures 1 and 2 illustrate the degree of discoloration that occurred in the
samples of coffee and evaporated milk mixtures at 6 days and 21 days respec-
tively. Clearly, the degree depends largely upon the amount of milk re-
maining in the can. Sample 9, the control, appears practically the same as
Nos.1and 5. Samples 4 and 8, which contain the least milk, show the great-
est diseoloration.
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Fia. 1. Discoloration with samples heM 6 days after cans were opened. Samples
1 to 4 inclusive from large cans (144 oz.) #, 3, 1 and i full respectively; samples 5 to 8
inclusive from small cans (6 oz.) 1, 3, 1 and g full respectively; sample 9 was the control
from freshly opened can.

The degree of discoloration was definitely correlated with the iron con-
tent of the mixture of coffee and evaporated milk, as can be seen by figure 3.

Fi6. 2. Discoloration with same samples as in figure 1, held 21 days after cans were
opened.

In this series of samples iron was added, in the form of ferric chloride, to
give the following concentrations of iron: 0, 5, 10, 15, 30, 60, 100 and 200
ppm. in samples 1 to 8 respectively. As was expected, the same resnlts in

F16. 3. Relation of iron content to extent of discoloration. Ferric ehloride added to
give eoncentrations of 0, 5, 10, 15, 30, 60, 100, and 200 ppm. of iron in samples 1 to 8
respectively.
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diseoloration were obtained whether the ferric chloride was added to the
coffee or evaporated milk before mixing, or to the mixture itself. Since the
color produced depends upon the iron content of the mixture, and since
practically all the iron comes from the evaporated milk, the concentration
of iron in the milk would be ten times its concentration in the mixture. With
this as a basis for estimating the iron in evaporated milk, data were obtained
on experimental samples. Figure 4 gives such data for four of the samples

illustrated in figures 1 and 2.
700

600 |—
500 —

400 |—
. Sl can Yo ol

|/
L/
[/
l
[
]
1
)
]
!
1
’
]
1

Large con Yo Kl —

1
J00 — ,' °
1| Lorge con V3 sl 4
1
i

Zlron concentration, ppm

200 —

100 —

<— Small can & fa//
N R N
o 2 4 6 8 Vi /2 /4 /6 8
7ime 17 dags
Fic. 4. Iron content of evaporated milk as related to fullness of ean and length of

holding after the can is-opened.

As a further check, an adaptation of the method of Moir and Andrews
(2) was used in analyzing samples of evaporated milk for iron. To establish
the validity of this method, known amounts of tiron were added to two
freshly opened control samples, and these were then analyzed for iron by
the adopted method. Results obtained showed a recovery of 99 per cent in
both cases. Furthermore, these results agreed closely with those secured on
the same samples by the ferrie chloride discoloration test.
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Table 1 compares the results obtained by this method of analysis with the
results secured with the ferric chloride discoloratien test. Clearly the ferric
chloride test serves as a means of estimating the iron content. Although
not intended as a substitute for analyses, this rapid test gives an indication
of the increased iron content due to holding or aging the milk in cans that
have been opened.

A number of other factors were considered in these experiments—for
example, kind of coffee, source of water, salts added to evaporated milk and
the pH of mixtures of coffee and evaporated milk. Accordingly, three differ-
ent brands of coffee were used. None showed discoloration when mixed
with freshly opened evaporated milk, although there was some variation in

TABLE 1 '
Determination of iron content of evaporated milk
Sample Iron content of evaporated milk
: Estimated by ferrie
No. Treatment Determn}g(i by chloride digz:olor-
analysis :
ation test
ppm. ppm.

1 Can opened just prior to analysis 0.4 0
2 Can opened just prior to analysis 0.3 0
3 Milk held in opened can 38.0 45
4 Milk held in opened can 135.0 145
5 Milk held in opened ean 204.0 200
6 To 2.0544 grams of freshly opened 193.0 200

evaporated milk ferrous ammo-

nium sulfate was added to equal

0.4 mg. of iron
7 To 1.9204 grams of freshly opened 206.0 200

evaporated milk ferrous ammo-

nium sulfate was added to equal

0.4 mg. of iron

* Adaptation of filtration method of Moir and Andrews.

the color of the various coffees and coffee-and-milk mixtures. The greenish-
black discoloration appeared at the same concentration of added iron in all
samples of coffee. When 3 to 5 ppm. of iron was added, as ferric chloride,
to mixtures of coffee and evaporated milk, there was an obvious discolora-
tion; when the concentration was raised to 10 ppm., the discoloration was
very definitely objectionable. From 30 to 50 ppm. of iron in evaporated
milk would, then, be required to give a noticeable diseoloration, provided no
iron was supplied from other sources.

The iron content of the water is ordinarily low, but should not be
neglected in certain cases. Other salts may also modify the result some-
what, especially if they materially change the pH of the coffee or coffee-and-
milk mixture, since the final color is a function of pH. Salts added to
evaporated milk during its processing may modify the color of coffee-and-
milk mixtures; but, if used within the limits of commercial practice, they



62 W. C. COLE AND N. P. TARASSUK

do not significantly change the tendency for greenish-black discoloration to
oceur. . ‘

All samples tended to darken as the pH was inereased. Evaporated milk
which had been held too long after opening of the can sometimes caused a
bluish-black discoloration when mixed with coffee. This eolor could not be
duplicated by adding ferric chloride alone to control samples. If, however,
the pH was increased by the addition of sodium hydroxide, and sufficient
iron was also added, the color produced with the old evaporated milk could
be duplicated. Checks on these samples showed that spoilage had occurred,
resulting in sufficient increase in pH to account for the change in color.

The type of container used in brewing coffee was shown to modify the
results, especially if the coffee was subsequently held in the container for
relatively long periods. Chipped enamelware gave slight discoloration im-
mediately after the coffee was brewed. When the coffee was in the con-
tainer overnight, the discoloration was objectionable and was equal to that
produced by adding 5 to 10 ppm. of iron, in the form of ferric chloride, to
the control sample of coffee and evaporated milk. Coffee prepared in glass,
stainless steel, and aluminum showed no such discoloration. Likewise, flavor
and aroma were less pleasing in the discolored samples than in samples with
normal color.

DISCUSSION

Tannins and certain other substances will produce a greenish or bluish
coloration with dilute ferric chloride. Coffee is known to contain caffe-
tannins or tannin-like substances (3). The greenish black in mixtures of
coffee and evaporated milk occurs under conditions shown to result in in-
creased iron content. Metallic ions other than those of iron, which are
likely to oceur in eoffee or evaporated milk, do not give this same discolor-
ation with tannins.

The presence of such ions as citrates and phosphates, because of their
strong affinity for iron, may modify conditions so that for a given iron con-
tent one may not always obtain the same degree of discoloration. Iron like-
wise has been shown to combine with some proteins (casein, gelatin), hy-
droxy or dicarboxylic amino acids, and certain other substances in such a
way as to acquire a low degree of dissociation (4). Tannins react with pro-
teins and, under proper eonditions, will cause their precipitation. It is not
unlikely that protein-iron-tannates may be formed. .

Dahlberg (1) has shown that a greenish-black color may be formed on
the surface of ice cream next to metal cans not properly tinned. He at-
tributes this color to the formation of ferric tannate. Similar reactions
might be expected in other produets.

The tannin content is higher in tea than in coffee ; and the types of tannin .
in the two products are different. Ferric chloride imparts to tea a bluish
black, not the greenish black that it normally produces with coffee. This
difference cannot be explained on the basis of variations in pII alone.
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The reaction of the system likewise influences the results, since the extent
of discoloration, as well as the color itself, depends upon pH. Despite these
possible variations in commercial samples, such factors are minor as com-
pared with the iron content of the milk, which in turn is determined pri-
marily by the amount of milk left in cans in storage and the time the cans
are held after being opened.

Although information was not available concerning the plating of the
cans studied, the type of tin plate would be expected to cause a difference in
the life of the cans as well as in the tendency for iron to be dissolved by the
milk after the cans were opened. Arrangements have been made to ascer-
tain the importance of this factor.

SUMMARY

The iron content of evaporated milk has been shown to increase rapidly
after the cans have been opened, especially if they are only a fourth or less
full. Upon the addition of evaporated milk to coffee, the iron in the milk
reacts with the tannins or tannin-like substances in coffee to give a dark-
greenish or greenish-black discoloration.

A minimum of 3 to 5 ppm. of iron in a mixture of coffee and evaporated
milk is required to give a noticeable discoloration. Iron concentration and
pH of the system are the primary factors determining discoloration intensity
in such mixtures.

Storing evaporated milk in glass or porcelain after the can is opened
offers a means of preventing the occurrence of dark-greenish discoloration
when the milk is used in coffee.
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THE FATTY-ACID COMPOSITION OF GLYCERIDE FRACTIONS
SEPARATED FROM MILK FAT

E. L. JACK axp J. L. HENDERSON
Division of Dairy Industry, College of Agriculture, University of California,
Davis, California

Milk fat has long been a subject of investigation. Detailed knowledge
of its composition has been continuously increased by refinements of analyti-
cal technique. THis paper will give information obtained by subjecting milk
fat to fractionation, followed by analysis. The method of fractionation
previously reported (15) separates fat into less complex portions for further
analyses.

The fractionation was accomplished by dissolving milk fat in a low-boil-
ing solvent, pentane, and precipitating successive portions at progressively
lower temperatures. Fractions were removed by filtration at —7° C., —13°
C., —23° C. and —53° C. These precipitates together with the filtrate re-
maining after the last precipitation ranged in physical properties from a
white dry powder to a reddish oil. The chemical properties of each are
given in the data tables.

REVIEW OF LITERATURE

Browne was among the first investigators who made a detailed analysis
of milk fat by the methods available at the time (8). The fatty acids present
in milk fat were freed and were separated into those soluble in water and
those insoluble. The soluble acids were fractionally erystallized from water,
and their neutralization numbers were determined. From these data the
composition was calculated on the assumption that not more than two acids
were present in any one fraction. The insoluble acids were analyzed in a
similar way, being fractionally crystallized from alcohol. Composition data
were caleulated as before. Browne deplored the inability to get satisfactory
separation of adjacent fractions by distillation.

Subsequent workers introduced ester distillation. Smedley obtained
more satisfactory fractionation by distilling the methyl and ethyl esters
rather than the acids themselves (32). She presented evidence for the exis-
tence of lower members of the oleic acid series. Crowther and Hynd also
fractionally distilled the methyl esters (11). Although they observed un-
saturated acids in the lower fractions, attempts to isolate decenoic acid were
not convineing. Holland and his co-workers (25, 26) studied the effect of
diet, breed, stage of lactation, and other factors on the composition of milk
fat. Having fractionally distilled the ethyl esters of the fatty acids, they
computed the eomposition from analysis of these fractions. Their fraction-
ation seems to have been inadequate for satisfactory separation of the esters.

Received for publication July 17, 1944.
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Channon, Drummond, and Golding, attempting to ascertain how oils in the
diets of cows affect the composition of milk fat, criticized the method of ester
fractionation (9). They stated that ‘‘as an exact quantitative method it is
of little value.”’

As Hilditeh and Jones have shown, however, as great a degree as possible
of preliminary separation of the acids into groups of varying character
should precede the ester distillation, and the distillation itself should be
attended with all due precautions (18). To accomplish this separation,
these workers first divided the original milk fat into three basie fractions:
after removing those that are steam volatile they partitioned the nonvolatile
into solid and liquid acids by lead-soap crystallization. The solid acids and
the liquid acids were converted to the methyl esters. Each of the three
groups was fractionated from a Willstétter bulb. The results thus obtained
justified the use of methyl-ester distillation as an analytical tool. The data
of Hilditeh and Jones confirmed the presence of unsaturated acids below Cis.
Hilditeh and Sleightholme extended the method to cover additional samples
of butter (22). In another paper these authors summarized and reviewed
the data previously presented ; they postulated possible glyceride configura-
tions as a result of analyses and calculations (23). An advance in the
methyl-ester fractionation procedure was made by Longenecker, who intro-
duced the use of an electrically heated and packed column (29). He and
Hilditeh, having compared the results obtained by this equipment with those
obtained with the simpler Willstétter bulb, concluded that the agreement was
good ; but the packed column gave more complete separation of the esters,
particularly the unsaturated esters of low molecular weight.

Hilditeh, Paul, and their co-workers introduced a technique for the pre-
liminary separation of mitk fat before fractional distillation (21): the milk
fat was crystallized into three fractions from acetone at different tempera-
tures; these fractions were subjected to examination by steam distillation
and ester fractionation; and possible component r>’1yeer1de combinations
were calculated from the data.

Arup separated milk fat into 6 fractions by direct crystallization at
different temperatures. He used Reichert-Meissl, Polenske, and Kirschner
values to characterize the fractions (2). From these values he concluded
that the acid groups are impartially distributed among the different glycer-
ides.

Other studies have been made to determine how various factors aﬂ:‘ect
the composition of milk fat, and whether certain fatty acids are present.
Smith and Dastur studied the effect of inanition on the composition of milk
fat (33). Their method resembled that used by Hilditeh and his associates,
and their results showed the composition of milk fat to be markedly affected.
There was a decrease of about 80 per cent in the original content of lower
acids up to and including C,,. The loss of these acids was almost entirely
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compensated for by the increase in the oleic acid content. Recently Hilditch
and Jasperson studied the effect of rations containing different oils upon the
component acids of milk fat (17). The characteristics of the ration were
reflected in the milk fat, but not quantitatively. High percentages of lino-
leic and of long-chain saturated acids in the diet did not appreciably alter
the amount of these constituents in the milk fat. The oleic acid content of
the feed, however, had a direct effect on this constituent.

The presence of other unsaturated fatty acids in the series with oleie, for
which the first suggestions were made by Smedley (32) and by Crowther
and Hynd (11), has since been amply confirmed. Griin and Wirth sub-
stantiated Smedley’s postulation for the presence of decenoic acid in milk
fat (14). Additional confirmation was later furnished by Griin, whose work
also indicated the presence of C,,, C14, and, Cis unsaturated fatty acids (13).
Bosworth and Brown have proved that C,, and C,, unsaturated fatty acids
are present (4) ; and numerous other workers have since substantiated these
findings (20, 24, 31).

The most convineing evidence for the presence of Cio, Cis, Cis, C16 un-
saturated fatty acids is furnished by Hilditeh and Longenecker (19). The
unsaturated esters were oxidized with potassium permanganate in acetone.
The oxidized products were removed, leaving only the saturated esters from
the original esters. The saponification equivalents of the original esters and
the residue-saturated esters were almost identical. This fact can be ex-
plained only if the unsaturated portion removed by oxidation had the same
carbon-chain length as the residue.

Evidence for unsaturation greater than that of oleic acid has been some-
what confusing. Hilditch and Jones were probably the first to suggest that
linoleic acid is a constituent of milk fat (18). Eckstein (12) detected lino-
leic and linolenic acids, but in quantities considerably smaller than those
reported by Hilditeh and his associates (18, 22). Bosworth and Brown, on
the other hand, failed in all their attempts to verify the presence of linoleic
acid (4). Bosworth and Sisson were likewise unable to identify this acid
in milk fat (5). Later evidence, however, by Hilditch and his associates
(19, 21) points strongly to its presence.

Several workers have noted unsaturated acids of longer earbon chain
than Cis (4, 5,7, 19, 21).

EXPERIMENTAL

The milk fat used in this experiment was collected at different seasons,
and was separated into five fractions by freezing in a solvent, according to
the scheme described previously (15). The fractions were obtained as pre-
cipitates at —-7° C., —13° C., —23° C,, and —53° C.; and the filtrate residue
at —53° C.

The fractions, as well as the original milk fat, were prepared for analysis
as follows:
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1. A 150-gram sample was saponified with aleoholic KOH.  After re-
moval of the alcohol and liberation of the fatty acids, the latter were steam-
distilled 4 to 5 hours to remove the steam-volatile acids. A double trap was
used ahead of the condenser. The distillate was extracted with ether; and
the fatty acids, after solvent removal, were fractionated in a Willstitter
bulb. The resulting fractions, along with the ether-extracted-distillate water
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F1e. 1. Packed fractionating column electrically heated in three sections.

and the recovered ether, were titrated with standard alkali and caleulated
to the appropriate fatty acids.

2. The residues from the steam distillation, exeept the — 7° ppt. and the
- 03° C. filtrate, were separated into ‘‘solid’’ and ‘‘liquid’’ acids by freezing
from acetone at —~20° C (6). The —7° ppt. was considered as containing
only ‘‘solid’’ acids, and the —53° filtrate only ‘‘liquid’’ acids. The recov-
ered ‘‘solid’’ and “‘liquid’’ acids were esterified.
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3. The resulting methyl esters were fractionally distilled in an electri-
cally heated and packed column. Figure 1 shows details of the column.?

These details have been sufficiently described elsewhere (29), but cer-
tain modifications that were incorporated proved advantageous over pre-
vious models. The chief improvement lies in the use of three separate sec-
tions of heating wire on the column. The leads from these were taken off
to a panel through notches in the ends of three abutting sections of an over-
all glass jacket. The heat supply to each section was controlled through
a Variac. This arrangement permitted accurate control of the temperature
gradient throughout the column. Thermocouples were inserted between
the glass jacket supporting the heating wire and the external wall of the

TABLE 1

Fractionation of methyl esters of the —7° ppt. (Residue after steam
distillation of acids)

Charge—50.9 gm.

Temperature °C.
Ragle Column Wi S.Ea2 | LVa
No. Pot Vapor grams
Bottom { Middle | Top
1 150 125 108 98 78-86 0.88 200.7 |
2 163 134 121 114 90-97 0.78 216.7 .
3 177 157 133 131 108-110 6.18 238.7
4 181 163 147 129 111-117 2.03 242.2
5 180 162 148 136 119-126 1.23 272.0
6 194 175 158 145 | 118.5-123 1.93 272.2 i 5
7 198 176 163 150 123-129 8.03 273.0 1.28
8 203 182 166 146 127-129 9.38 272.7 1.03
g 210 189 174 158 129-138 2.88 275.5 0.69
10 224 195 185 170 137-147 3.68 294.0 28.03
11 254 196 182 170 147—falling 7.03 298.0 18.50
12 Holdup | .o [ I . 3.80 304.0 | 15.33
13 Residue | e | e | 2.40 331.5 | 17.27

2 8.E. as used throughout the manusecript means Saponification Equivalent.
1.V. as used throughout the manuseript means Iodine Value (Hanus).

packed section; these, leading to a millivoltmeter, measured the tempera-
ture of the column. Another feature was the use of a Glas-Col mantle?
for heating the still pot. Table 1 shows typical column-operating data.

4. The methyl esters of the 10 different lots were resolved into 135
fractions through the column. These lots included the esters of the ‘“solid’’
acids and of the ‘‘liquid’’ acids separated from the milk fat, —13° C. ppt.,
-23° ppt., and —53° ppt., together with the esters of the —7° ppt. and
the —53° C. filtrate. The 135 fractions were then analyzed for saponifica-
tion and iodine numbers (3). The thiocyanogen value of the glyceride

1 A sketch and dimensions of the still-head and column were furnished by Dr. Herbert
E. Longenecker, University of Pittsburgh, Pittsburgh, Pa. )

2 Glas-Col heating mantle, manufactured by the Scientific Glass Apparatus Co., Bloom-
field, N. J.
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fractions was used to calculate the linoleic acid content (1, 27). The
saponification numbers in most instances were checked against the refractive
index as proposed by Mattil and Longenecker for the analysis of methyl-
ester fractions (30).

TABLE 3

Calculated composition of total original milk-fat acids
1.V. 32.42, Sap. No. 230.0

150 gm. fat yielded 138.12 gm. fatty acids 7.18 per cent steam-volatile acids. 47.20
per cent ‘‘solid’’ acids, 45.62 per cent ‘‘liquid’’ acids. Per cent of S.V. based on 138.12
gm.; per cent S.A. based on 50.54 gm. methyl esters equal to 47.41 gm. fatty acids; per
cent L.A. based on 43.35 gm. methyl esters equal to 41.03 gm. fatty acids.b

Length r—
of . volotile Solid Liquid Weight, Total | 3ro1
caﬁbpn acids acids acids per cent of total | weight
chain
agm. | % gm. % gm. % S8.v. | 8.4. | L.A. % %
Satu-
rated
Cq 4.87 | 352 | v | | v 3.52 S IR 3.52 9.2
Ce 195 | 140 | e | v | v | 140 i | s 1.40 2.8
Cs 2.05 | 1.48 | .. . 018  0.44 | 148 | ... | 0.20 1.68 2.7
Cyo 1.05 | 0.78 | 0.14 | 0.30 | 1.57 | 3.83 | 0.78 | 0.14 | 1.75 2.67 3.5
Cia | s 1071 225|313 7.63 | ....| 1.06] 348 4.54 5.2
C 5.46 | 11.51 | 8.30 | 20.23 | ... | 543 | 9.22 | 14.65 | 14.8
Cie 26.41 | 55.73 | 3.36 819 | ....| 2631 | 3.74 | 30.05 | 27.2
Cis s 9.21 | 1943 | 1.14 | 278 | ... | 9.18 | 1.27 | 10.45 8.5
Coy 1.20 2.53 | 0.44 1.07 1.19 | 0.49 1.68 1.2
Unsatu-
rated
Cyo 0.22 | 0.54 0.25 0.3
Cie 0.13 | 0.32 0.15 0.2
Cu | sz 1.25 | 3.05 1.48 1.5
Cie 4.75 | 11.57 5.69 5.2
Cis 13.88 | 33.88 18.69 | 15.3
Cao ) 0.76 | 1.85 | . 098 | 0.7
Linoleie | e | v | e | 1.92 | 4.62 | ... 2.12 1.7

Non-saponifiable matter of milkfat=0.28 per cent
Non-saponifiable matter of esters =0.02 per cent

b For this analysis 150 gm. of fat was saponified and the acids liberated to yield
138.12 gm. fatty acids. These were steam-distilled, yielding 7.18 per cent steam-volatile
acids. The 92.82 per cent non-volatile acids were separated into 47.20 per cent ¢¢solid’’
acids and 45.62 per cent ‘‘liquid’’ acids as described in the text. The entire yield of
steam-volatile acids was fractionated, and weight percentages of the individual acids were
caleulated from the weights of each, based on 138.12 gm. total fatty acids. The ¢“solid’’
and the ‘‘liquid’’ acids were converted to the methyl esters and then fractionated; 50.54
gm. of methyl esters derived from 47.41 gm. ‘‘solid’’ acids were fractionated, and the
weight percentages of the individual fatty acids were calculated from the weights of each
based on the starting weight (47.41 gm.). Similarly, the weight percentages of the
‘‘liquid’’ acids were caleulated from the starting weight of ¢‘liquid’’ fatty acids (41.03
gm.). The same scheme applies to the other table headings in this series.

S.V. as used throughout the manuscript means Steam-Volatile Acids.

S.A. as used throughout the manuscript means Solid Acids.

L.A. as used throughout the manuseript means Liquid Acids.

5. Compositions of the different fractions were calculated from the ana-
Iytical data acecording to the methods in general use (10, 16). The calcu-

’
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lations are valid when the assumption is fulfilled that there are present
not more than two adjacent saturated acids, and not more than two unsatu-
rated acids of a homologous series. Data shown in table 1 indicate that this
assumption is warranted. For example, sample 2 is very close to methyl
laurate (S.E. 214.2) ; samples 3 and 4 are very close to methyl myristate
(S.E. 242.2) ; the next five are predominantly methyl palmitate (S.E. 272.3) ;
Nos. 10 and 11 are predominantly methyl oleate and methyl stearate (S.E.
296.4 and 298.4). The sharpness of fractionation is apparent. Such clean-

TABLE 4

Calculated composition of —7° ppt. fatty acids
L.V. 8.29, Sap. No. 211.0

150 gm. fat yielded 136.17 gm. fatty acids, 0.86 per cent steam-volatile acids, 99.14
per cent ‘‘solid’’ acids. Per cent of steam-volatile acids based on 136.17 gm.; per cent
of solid acids based on 50.23 gm. methyl esters equal to 47.65 gm. fatty acids.

Length .
Steam- . . ‘Weight, Total
Ofc%a;?lon volatile acids Holid ands per cent of total | weight Mol
gm. % gm. %% S.v. S.4. % %
Saturated
C, 117 0.86 | e | 086 | . 0.86 2.5
N | R | — 0.39 0.82 0.82 0.82 1.2
Cie — . 1.82 3.82 3.80 3.80 4.5
Cu 7.01 14.70 14.58 14.58 16.6
Cue 20.30 42.60 42,24 42.24 42.1
Cis 11.37 23.86 23.66 23.66 21.1
20 ] ; 2.25 4.74 4.72 4.72 3.8
Co | sews | s 0.50 1.05 | . 1.01 1.01 0.8
Unsaturated
Cuy 0.05 0.10 0.10 0.10 0.1
Cie 0.20 0.42 0.42 0.42 0.4
Cis . 3.25 6.82 6.77 6.77 6.1
Cy TR [ 0.51 107 | coue 1.02 1.02 0.8

Non-saponifiable matter of esters=0

cut separation of adjacent homologues was not obtained, however, with the
methyl esters of the ‘‘liquid’’ fractions, which were highly unsaturated;
there were more fractions intermediate between adjacent homologues.

Table 2 shows the ester distribution of the ‘‘solid’’ acids from the —23°
ppt. as calculated by the methods just described. A typical caleculation
(No. 83) illustrates the steps in determining the composition of all the
fractions.

6. The calculated weights of methyl esters for each fraction and for the
original fat were converted to the weights of the corresponding fatty acids.
These weights and the derived weight percentages, together with the mol
percentages of each acid, are summarized in the following tables (3-8).

From these values were calculated the percentages of each acid in the
original fat, as based on the relative proportion of each fraction to the
whole. Table 9 shows weight percentages on the original-fat basis for
each fraction.



TABLE 5
Calculated composition of —13° ppt. fatty acids
1.V. 22.15, Sap. No. 230.2

150 gm. fat yielded 137.23 gm. fatty acids, 8.54 per cent steam-volatile acids, 57.35
per cent ‘‘solid’” acids, 34.11 per cent ‘‘liquid’’ acids. Per cent of steam-volatile acids
based on 137.23 gm.; per cent of solid acids on 50.89 gm. methyl esters equal to 48.28 gm.
fatty acids; per eent of liquid acids based on 41.60 gm. methyl esters equal to 39.32 gm.
fatty acids.

Length
of Steam-vola- : : o s Weight, per cent Total
carbon | tile acids Relad eads Liquid acids of ;;otal weight Aidel
chain
gm. % gm. % gm. % SV.| 8.4. | L.A. % %
Satu-

............ 1.74 1.74 4.6
— 1.47 2.9
0.30 | 0.76 | 3.80 4,06 6.6
2.26 | 5.75 | 1.53 3.67 4.9
090 | 2585 | 7.25 1 2.98 3.5
d 6.21 | 8.60 | 21.87 7.46 | 11.02 | 11.3
29.55 | 61.24 4.62 | 11.75 4,01 | 39.14 | 36.2
8.78 | 18.22 | 1.12 | 2.85 0.97 | 11.42 9.3
284 | 591 | 096 | 2.43 0.83 | 4.22 31
019 | 048 0.16 | 0.16 0.2
0.20 | 0.51 017 | 0.17 0.2
sy | s | 095 [ 2142 0.82 | 0.82 0.9
0.67 1.40 3.97 | 10.10 3.45 4.25 3.9
241 ( 5.03 | 11.14 | 28.33 10.73 | 12.62 | 10.6
0.37 | 0.77 | 1.57 | 3.99 1.36 | 1.80 1.3
............ L — 0.59 1% B (R [ 0.56 0.56 0.5

Non-saponifiable matter of esters =0.03 per cent -

TABLE 6

Calculated composition of —23° ppt. fatly acids
s 1.V. 23.46, Sap. No. 232.7

150 gm. fat yielded 111.68 gm. fatty acids, 6.88 per cent steam-volatile acids, 55.60
per cent ‘‘solid’’ acids, 37.52 per cent ‘‘liquid’’ acids. Per cent of steam-volatile acids
based on 111.68 gm.; per cent of solid acids on 48.74 gm. methyl esters equal to 46.21 gm.
fatty acids; per eent of liquid acids based on 38.90 gm. methyl esters equal to 36.77 gm.
fatty acids. . 2

Length of Steam-vola, Weigh
= : - - 5 ght, per cent | Total
carbon tile acids Solid acids | Liquid acids of t(E:al weight Mol
chain
gm. | % gm. % gm. % S8V.| 8.4. | L.A. % %
Saturated

C, 3.70 | 3.31 331 | I - -3 | 8.7

Cs 2.26 | 2.03 2.03 e | 2,08 4.0

Cs 0.51 | 0.46 0.46 0.37 | 0.83 1.3

Cio 1.08 1.08 1.98 | 3.06 4.0

Cie e | 128 | 277 | 206 | 588 | .. 221 | 374 | 42

Ciy 9.75 | 14.36 | 14.6

Cie 38.09 | 3.98 | 42.07 | 38.1

Oss e | 5741 0.83 | 6.57 5.2

Coo | o | e | 116 | 251 | | o | 139 | ... | 1.39 1.0

Unsatu-
rated

Cu | somel| wowe | smoms 0.10 | 0.27 0.10 | 0.10 0.1

Co | e | comms o wonm 0.13 | 0.35 0.13 | 0.13 0.1

Cy 0.17 0.99 | 2.69 1.01 | 1.22 1.2

Cie 0.36 4.52 | 12.30 4.61 | 5.04 4.5

Cis 2.76 9.58 | 26.13 9.80 | 13.12 | 10.7

Coo 0.23 50| 2.21 6.01 = 2.25 2.53 1.9
Linoleic NUUPR | (IO | IS S 0.51 138 | s | wmns 0.50 0.50 0.4

Non-saponifiable matter of esters =0.01 per cent
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TABLE 7

Calculated composition of —53° ppt. fatty acids
1.V. 31.18, Sap. No. 229.1
150 gm. fat yielded 136.14 gm. fatty acids, 7.12 per cent steam-volatile acids, 43.83
per cent ‘‘solid’’ acids, 49.05 per cent ‘‘liquid’’ acids. Per cent of steam-volatile aeids
based on 136.14 gm.; per cent of solid acids based on 52.46 gm. methyl esters equal to
49.64 gm. fatty acids; per cent of liquid acids based on 42.63 gm. methyl esters equal to
40.13 gm. fatty acids.

Length of

Steam-vola- . 3 sl . ‘Weight, per cent Total

carbon tile acids Solid acids | Liquid acids of t(ﬁ:al weight Mol

chain

am. | % gm. % gm. % |SV.|8.4. [ LA. % %
Saturated

C, 4.09 | 3.01 3.01 7.9
Cs 3.96 | 2.91 2.91 5.8
Cs 0.94 | 0.69 1.09 1.7
Coo 0.70 0.43 | 3.19 | 4.13 5.5
Cpe 1.00 | 2.01 0.88 | 3.23 | 4.11 4.7
Cus 5.65 | 11.38 4.99 |11.58 | 16.57 | 16.6
Cye 25.93 | 52.23 22.90 | 3.83 | 26.73 | 24.0
Cis : 8.57 | 17.26 7.56 | 3.00 | 10.56 8.5
Ca s | s 225 | 4.53 | o | o | e 1.98 | 1.98 14

Unsatu

rated
Cyo 019 | 0.47 | ... 0.23 | 0.23 0.3
C,. 0.17 | 0.42 0.21 | 0.21 0.2
Cis 095 | 2.36 0.25 | 1.16 | 1.41 14
Cie 211 | 5.26 041 | 2.58 | 2.99 2.7
Cis 13.76 | 34.30 4.17 [16.75 | 20.92 | 17.2
20 : ' 1.86 | 4.60 0.26 | 2.26 | 2.52 1.8
Linoleic | o | o | i | 048 | LTI | s | s 0.63 |* 0.63 0.5

Non-saponifiable matter of esters=0

TABLE 8
Calculated composition of — 53° filtrate fatty acids
1.V. 58.37, Sap. No. 236.9 (Corrected for N.S.)

150 gm. of fat yielded 131.79 gm. fatty acids, 8.94 per cent steam-volatile acids, 91.06
per cent ‘‘liquid’’ acids. Per cent steam-volatile acids based on 131.79 gm. fatty acids;
per cent of liquid acids based on 45.28 gm. methyl esters equal to 42.96 gm. fatty acids.

Length of Steam-volatile Weigh
S 9 ght, per Total
egl:';)igln acids Eiiguil acds cent of total weight Mol
" gm. %o gm. %o 8.7. L.A. %o %
Saturate
3.58 3.58 9.3
3.50 3.50 6.9
1.48 . 1.48 2.4
3.19 0.38 2.91 3.29 4.5
3.56 - 3.24 3.24 3.7
8.10 . 7.38 7.38 7.4
17.21 | ... ; 15.67 15.67 14.0
940 | ... 8.56 8.56 6.8
1.14 1.05 1.05 1.4
0.33 0.30 0.30 0.4
2.02 1.84 1.84 1.8
5.56 5.06 5.06 4.6
40.25 36.60 36.60 30.0
1.21 1.10 1.10 0.8
Linoleic | o | o 3.45 8.03 7.35 7.35 6.0

Non-saponifiable matter of esters= 0.08 per cent
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For comparison, the weight percentages as determined on the original
milk fat are included.

The values in the table for milk fat, reconstructed from data on the
composition of each fraction, agree well with those obtained by analyzing
the milk fat directly. The data for the individual fractions are believed to
be more reliable for showing the presence of small quantities of the indi-
vidual acids. For example, behenic acid (C,.) unquestionably occurs in the
—7° ppt. Yet the amount in the original milk fat is exceedingly small: it
cannot influence the saponification value of the distillation residue suffi-
ciently to make its presence certain.

TABLE 9
Weight per cent of original as based on average yicld of each fraction

Weight per cent of —7° ppt. x11.5%, weight per cent —13° ppt.x 20.5%, weight
per cent —23° ppt.x 20.5%, weight per cent —53° ppt.x23.9%, weight per cent —53°
Filt. x 23.6%.

Length of —-7° —-13° —23° -53° - 53° Total of o
carbon chain | ppt. ppt. ppt. ppt. filt. fractions | Milk fat
Saturated

C, 0.10 0.36 0.68 0.72 0.84 2.70 3.52
Cs 0.30 0.42 0.70 0.83 2.25 1.40
Cs 0.83 0.17 0.26 0.35 1.61 1.68
Cio 0.09 0.75 0.63 0.99 0.78 3.24 2.67
- 0.44 0.61 0.77 0.98 0.76 3.56 4.54
Cie 1.69 2.26 2.95 3.96 1.74 12.60 14.65
Cie 4.87 8.03 8.61 6.39 3.70 31.60 30.05
Cis 2.69 2.34 1.35 2.53 2.02 10.93 10.45
» 0.54 0.87 0.28 0.47 2.16 1.68

Co 012 | ... 0.12
Saturated total 70.77 70.64

Unsaturated

U (N 0.03 0.02 0.05 0.25 0.35 0.25
Cs | e 0.03 0.03 0.05 0.07 0.18 0.15
Cu 0.01 0.17 0.25 0.34 0.43 1.20 1.48
Cis 0.05 0.87 1.03 0.71 1.19 3.85 5.69
Css 0.78 256 | 2.69 . 5.00 8.64 19.67 18.69
Cux 0.12 0.37 0.52 0.60 0.26 1.87 0.98
Linoleic | .o 0.12 0.10 0.15 1.74 2.11 2.12
Unsaturated total 29.23 29.36
Saturated total 70.77 70.64
100.00 100.00

Figure 2 shows the molecular distribution of the fatty acids. The simi-
larity of distribution in the original milk fat and in the — 53° ppt. is striking.
Yet these fats are widely different in melting point. The milk fat melts at
32.8° C.; the —53° ppt. at 11.4° C. Where the molar percentages are the
same and the properties are so different, there is a difference in the distri-
bution of the component acids in the glyceride molecule. Lea has cited a
similar instance in sheep tallow and cocoa fat (28). These are almost iden-
tical in fatty-acid percentages, but differ in physical properties.
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DISCUSSION

The composition of milk fat reported in this investigation closely re-
sembles that previously reported from studies made with the same type
of equipment.

Table 10 shows comparison with values obtained elsewhere.
differ in that the present writers have reported the presence of a C,, satu-
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F16. 2. Mol percentage of fatty acids in each fraction and in the original milk fat.

rated acid, whereas the others have combined the Cz, and the C., acids in a
single listing. A second difference appears in the quantities of oleic acid;
the values reported in this paper may seem low; but the possibility of error
is minimized when one considers that the quantities are essentially the same
whether determined directly on the original milk fat or from the increments
in the fractions. Likewise, when the iodine values of the different fats are

The values
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compared with the total amount of unsaturation, this quantity appears
teasonable.

The data obtained in this study, together with some additional values,
may be used to calculate the fatty-acid composition of individual glycerides.
Consideration will be given to this in a later publication.

TABLE 10

Comparison of fatty acids in mols per cent with values obtained in England
using electrically-heated packed fractionating columns

Thisinvestigation Hilditch Smith Hilditch
and and and
cla_rgg%tgh%n Original | Composite Longenecker | Dastur S. Paul
milk fat from fractions (19)* (33)* (21)*
LV. 3242 (Hanus) 1.V.31.9 (calc.) LV.375 1.V.36.6 | | V.46.9
Saturated
C, 9.2 73 8.1 9.7 10.2
C. 2.8 45 2.8 1.2 25
C. 27 . 2.7 25 1.6 13
Ce 35 4.3 37 25 1.5
Cyy 5.2 42 4.4 3.0 34
c" 14.8 12.4 125 12.5 8.6
C,. 27.2 28.9 23.2 221 21.1
Cus 8.5 8.8 76 9.8 9.9
Ca 1.2 1.6 1.0 0.8 0.7
Cez 0.1
Unsaturated
Copo 03 0.5 0.4 0.3 0.2
C. 0.2 0.3 0.9 03 0.2
= 1.5 1.3 17 1.0 0.9
Ce 5.2 36 3.7 3.0 2.8
(S 15.3 16.4 24.8 30.5 31.4
Coo 0.7 1.4 0.2 0.6 0.5
Linoleic 1.7 1.7 29 1.0 4.9

* Refers to number cited in references.

SUMMARY

1. Milk fat, separated into five different fractions by precipitation from
a solvent at low temperatures, was analyzed by the ester-fractionation
method to determine the amount and distribution of the individual fatty-
acids.

2. The amounts of each fatty acid present in each fraction and in the
milk fat have been determined. These values, together with corresponding
weight and mol percentages, are presented.

3. When the values for the composition of the original milk fat are
compared with those obtained by reconstructing milk fat from the incre-
ments of the individual fatty acids contained in the fractions, an excellent
agreement is observed. These data also compare favorably with those re-
ported by others.

4. The occurrence of small quantities of individual fatty acids is detected
with more reliability from the fractions than from the complex entire fat.
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THE DEGREE OF FAT DISPERSION IN CHEESE MILK AND
ITS RELATION TO THE MECHANISM OF INCREASED
LIPASE ACTION IN AGITATED MILK*

I. HLYNKA, E. G. HOOD axp C. A. GIBSON
Division of Chemistry, Division of Bacteriology and Dairy Research,} Science Service,
and Division of Animal Husbandry, Experimental Farm Service,
Department of Agriculture, Ottawa, Canada

Rancid and unclean flavor defects in raw milk cheddar cheese can readily
be produced experimentally by vigorous agitation of warm cheese milk
(4, 5). The underlying chemical reaction is lipolytie, involving enzymatie
catalysis by endogenous milk lipase, which may be represented as,
milk

§ glyeerol or mono- free
AL lipase and di-glycerides & fatty acids.

Only the lower fatty acids found in butterfat possess an objectionable flavor
in the free state, which they impart to the cheese.

The mechanism of increased lipase action in milk induced by vigorous
agitation has not been fully studied. Two alternate hypotheses may be
advanced. According to the first, an alteration in the surface character-
isties of fat globules is believed to be the factor responsible for the inerease
in lipase activity of agitated milk. This view is supported by Krukovsky
and Sharp (6). In the second hypothesis primary importance in the in-
crease of lipase action in agitated milk is attached to the dispersion of fat
and the accompanying increase in the surface area of the fat globules, in an
analogous manner to the increase in lipase activity in raw homogenized milk.
Van Dam (9) showed that the degree of dispersion of fat is ihereased by
shaking milk while fat is in the liquid state. The extent of fat dispersion
1s further brought out by Siegfeld (7), who found that churning at 50° C.
for 2 hours completely homogenizes the fat in new milk.

In this communication further evidence on the mechanism of increased
lipase action in agitated milk is presented. First, a new method of study-
ing the degree of fat dispersion,is described. Then, data are given on the
extent of fat dispersion in milk agitated under conditions which were worked
out for the experimental production of raneid and unclean flavors in cheddar
cheese (4).

Butterfat
glycerides

A METHOD OF STUDYING THE DEGREE OF FAT DISPERSION

It is well known from practical experience, and as a scientific fact, that
small fat globules, as in homogenized milk, cannot be separated in a cream
separator. The explanation given by Davies (1) is as follows: ‘‘Under the
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influence of centrifugal force the time required for a globule of radius r to
travel through a given distance is proportional to r? and as the number
of gallons treated in a separator per hour is inversely proportional to this
time, it follows that for any given radius of globule there is a critical value
at which its velocity against the milk stream is equal to the velocity of the
stream itself, so that the globules of smaller radius pass out with the sepa-
rated milk.”” For a given separator of uniform performance, therefore, the
butterfat content of skim milk is an index of the degree of fat dispersion in
malk. It is thus analpgous to the Farrall index (3).

Trout and Scheid (8) demonstrated this principle experimentally i their
study of centrifugal separation of homogenized milk. While these workers
were primarily interested in the recovery of fat from homogenized milk, it
may be concluded from their work that the higher the percentage of homog-
enized milk, .e., the greater the number of small fat globules, the higher was
the butterfat content of skim milk. In other words, the butterfat content
of skim milk was an index of the degree of dispersion of butterfat in milk.
It is important to get this principle clearly in mind because the interpreta-
tion of the work which follows largely depends upon it.

The performance of a De Laval cream separator No. 32, used at the
Experimental Farm Creamery, although of larger capacity than was desired
for experimental purposes, proved entirely satisfactory. The important
requirement in the performance of a separator for this purpose is uniformity
of skimming. Butterfat tests on skim milk, taken at intervals, must check
closely during the entire period of separation of a given quantity of milk.
From this point of view, a small De Laval No. 1 separator was found unsuit-
able. With respect to efficiency of skimming no adjustment other than that
for general use in separating milk, in this case skimming to less than 0.04
per cent as determined by the normal butyl alcohol-Babcock test (10), was
necessary. However, if a direct comparison of results obtained with two
different separators were to be made, the efficiency of the separators used
must be given.

The above method was applied to the study of the degree of fat dispersion
in milk.

THE DEGREE OF FAT DISPERSION IN AGITATED MILK

Two 8-gallon cans of morning’s milk from the Experimental Farm herd
were used for each determination. Morning’s milk was used because, in
experiments where prolonged periods of agitation were necessary, there was
less churning out of butterfat than was the case with night’s milk. The milk
was pooled in a small cheese vat and the temperature adjusted to 86° F.
Four gallons of the pooled milk was then separated and two samples of skim
milk taken at different intervals for butterfat determination. The remainder
of the milk was next agitated in a Cherry Junior churn, Model 2B, for a
definite period of time. The agitated milk was also separated and two sam-
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ples of skim milk were taken as before. All butterfat determinations were
done by the normal butyl aleohol-Babcock test. The procedure was repeated
three times for each of 15-, 10-, 5- and 3-minute periods of agitation.

In addition to these experiments on raw milk, one trial each on pasteur-
ized milk (30 min. at 143° F.) agitated for 5 and 10 minutes is included.

The results are summarized in table 1. It shows that the longer the
period of agitation of milk, the higher is the fat percentage in the skim. In
the preceding section, however, it has already been pointed out that the per-
centage of fat in the skim milk is an index of the degree of fat dispersion.
The data presented in table 1, therefore, show that agitation of milk leads
to a further dispersion of fat globules. In other words, large fat globules
are broken up into smaller ones due to concussion and shearing action result-
ing from agitation.

There is no essential difference between the results obtained with raw and
pasteurized milk. The higher butterfat content of skim obtained from agi-

TABLE 1
Per cent butterfat in skim from unagitated and agitated milk separated at 86° F.
T Unagitated Agitated at 86° F.
Milk

% BF Min. agitated % BF

“ 003 15 0.41

st 0.04 10 0.31
o 0.04 .5 0.18
s 0.02 3 0.12
Past. 0.03 10 0.32
& 0.06 5 0.21

tated milk is, therefore, not an artifact resulting from lipase action and the
accumulation of free fatty acids in skim milk,

Fat dispersion is proportional to the time of agitation. There is almost
a linear relationship between agitation and the degree of fat dispersion
within the range studied.

To appreciate the extent of fat dispersion brought out in table 1, a com-
parison may be made with the work of Trout and Scheid (8) on fat percent-
ages of skim milk obtained by separating various proportions of homogenized
and non-homogenized milk. The extent of fat dispersion in milk agitated for
15 minutes at 86° F. in a churn may thus be deduced to be roughly equiva-
lent to that in milk containing 20 per cent homogenized milk.

Assuming also that the area of the fat-aqueous interface increases thirty-
fold when milk is homogenized (2), it may be caleulated approximately that
there is a seven-fold increase in the area of the fat elobule surface in milk
agitated for 15 minutes.

It should be borne in mind that the above comparisons are only approxi-
mate. It may be assumed that some dispersion takes place in the cream
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fraction from agitated milk which would not be reflected by the skim milk
fraction. This would not be the case in making up a mixture of 20 per cent
homogenized and 80 per cent non-homogenized milk. This factor would tend
to increase the total fat globule surface even more than shown by such a
comparison.

DISCUSSION

By the application of the ordinary cream separator in conjunction with
the normal butyl alecohol-Babcock test, it has been possible to extend our
studies on rancid and unclean flavor defects in cheddar cheese. It has
previously been shown that these flavor defects may be readily produced by
increasing lipase action through vigorous agitation of warm cheese milk. It
has now been further established that vigorous agitation leads to appreciable
fat dispersion in milk. One is led to the conclusion that the inerease in the
area of fat-aqueous interface due to the creation of a large new surface may,
in large measure, account for the increased lipase action in agitated milk.

The creation of new fat-aqueous surface in a medium such as milk would
normally be attended by the adsorption of specific proteins (including milk
lipase) in accordance with the well-known Gibbs’ adsorption equation. An
alteration in the surface characteristies of fat globule surfaces apart from
fat dispersion, as suggested by Krukovsky and Sharp (6), may be an addi-
tional factor, but it is more likely to be of greater importance in less vigor-
ously agitated milk and in cooling and warming of milk.

Parenthetically, it may be pointed out that it is preferable to speak of
increase in lipase action instead of lipase activation where the change
appears to be essentially in the substrate and not in the nature of lipase
itself.

The method employed in the study of the degree of fat dispersion in this
investigation has been found simple and reliable. Its application is being
extended to other problems in dairy science.

SUMMARY

"The cream separator in conjunction with the normal butyl aleohol-Bab-
cock test has been found to be a simple and a reliable method of studying the
degree of dispersion of fat in milk. By this method it has been shown that
considerable fat dispersion takes place in vigorously agitated warm milk.
Milk which was churned for 15'minutes at 86° F. showed fat dispersion
roughly equivalent to that of 20 per cent homogenized milk. It is concluded
that the increase in the fat-aqueous interface due to fat dispersion may
explain, in large part, the mechanism of increased lipase action in agitated
milk.
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ANNOUNCEMENTS
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To the Officers and Members of the American Dairy Science Association:

The Iowa State College joins with the Dairy organizations of Iowa in
expressing great satisfaction that the American Dairy Science Association
has decided to hold its 1945 annual meeting on our campus.

As one of the great dairy states of America, we welcome you. We recall
with pleasure your meeting at the College in 1930; and we are looking for-
ward with even greater anticipation to your visit next June, even though
war conditions will probably compel us to temper somewhat our plans for
your entertainment.

We are gratified that several of the presidents of the American Dairy
Science Association have been alumni of the Iowa State College; and that
an alumnus, Professor J. H. Frandsen of Massachusetts State College, estab-
lished the Journal of Dairy Science, and for many years served as its editor-
in-chief.

We hope that the 1945 meeting of the Association will contribute
materially to the success of the present and the post-war plans of the dairy
industry of the nation.

Sineerely yours,
CuARLES E. FrRILEY
President

FIRST CALL FOR PAPERS

Members who wish to give original papers at the annual meeting should
send the titles to the Program Committee as promptly as convenient. All
titles must reach the Program Committee before April 1, but early receipt
of the titles is of veal value in arranging the best program. All communica-
tions regarding-general plans should be addressed to the chairman of the
General Program Committee, but all titles of papers should be sent directly
to the chairman of the program committee for the section before which the
paper should be presented.

Production Section: G. W. Salisbury

Cornell University
Ithaca, New York
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1526-1540 South State Street
Chicago 5, Illinois
Extension Section: Floyd J. Arnold
University of Maryland
College Park, Maryland
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ABSTRACTS OF LITERATURE
BACTERIOLOGY

1. Problems in the Control of Thermoduric Bacteria from the Aspect of
Maintenance of High Quality Production. F. W. Fasian, Mich.
State Col.,, East Lansing, Mich. Internatl. Assoec. Milk Dealers,
Assoc. Bul,, 36, No. 4:43-50. May, 1944.

Thermoduric bacteria do not multiply during pasteurization so, when
numbers are high, the farm is generally the source. It is a producer’s prob-
lem. Miecrococei from the udder have been found to be more than 40%
thermoduric. They thrive in unclean utensils and are resistant to heat and
chlorine, but can be effectively controlled by the use of acid cleaners. There
is no evidence that thermodurics cause disease, but their presence is an indi-
cation of careless, unclean methods on the part of the producer.

Control measures listed are:

1. Clean farm utensils thoroughly.

2. Select suitable detergents.

3. Promptly cool milk to 50° F'. or below.

4. Use air-space heaters and air-temperature recording thermometer to
insure thorough pasteurization of foam.

5. Avoid pellicle formation.

6. Avoid repasteurization.

7. Shut down and clean pasteurizer every two or three hours.

Detection and enumeration of thermodurie bacteria depends upon some
heat treatment to kill the non-thermoduries and then the use of a plate or
microscopic count. The method of Mallman ef al. is as follows:

After holding samples at 136.5° to 143° F. for 2 hours, bacteria surviving
in milk are thermoduric and may be counted with the microscope. A smear
of milk on a slide may be autoclaved for 10 minutes at 15 pounds’ pressure.
By either method, counts in excess of 40,000 are considered excessive.

2. Reproducible Data by Microscopic Method. Davip Levowirz, N. J.
Dairy Labs., New Brunswick, N. J. Internatl. Assoc. Milk Dealers,
Assoc. Bul. 36, No. 10: 139-150. June, 1944.

In the 15-thousand and 30-thousand-count brackets the results of the
direct microscopic method, as described in the eighth edition of ‘‘Standard
Methods for the Examination of Dairy Products,’”’ are so variable on the
same sample by different operators that the method has not been used ex-
tensively. There are many reasons for this. Among these are: the small
number of cells observed in the required minimum number of fields; the
error due to ‘‘crest formation’’ as the film dries; and the fact that only

Al
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clumps actually within the field under observation are to be included and
the number of fields must be kept count of. The proposal is made that more
reproducible results would be obtained if a standard field 0.200 mm. in diam-
eter were used and the microscope stage moved slowly away or toward the
operator so that all clumps in a strip entirely across the stained film would
be counted. If the first strip shows over 100 clumps, one strip is enough.
If there are 50-100 clumps on the first strip, count two strips; if 20-50
clumps, count three strips; if 10-20 clumps, count four strips; and if there
are less than 10 clumps in the first strip, count five strips. The 0.200 mm.
lens gives a factor of 5,000 to be multiplied by the count of each strip to
convert data to clumps per ml. of milk. The first strip is through the cen-
tral part of the stained film, and each succeeding strip is approximately one
field to the right of its predecessor until enough strips have been counted.
It is claimed that data obtained by technicians with the strip method are
fully reproducible. E.F.G.

3. A Study of Bacillus subtilis and Related Organisms. T. G1Bson, Bact.
Dept., Col. of Agr., Edinburgh, Scot. dJour. Dairy Res., 13, No. 3:
248-260. 1944.

The author has made a morphological and cultural study of 300 strains
of B. subtilis and closely related organisms. He concludes that a group of
species comprising B. subtilis and related organisms may be differentiated
from other members of the genus Bacillus by (a) morphology and (b) the
production of acid and acetylmethycarbinol from glucose, and that the group
may be divided into three species:

(1) B. subtilis Cohn emend. Prazmowski, the synonyms of which include
B. aterrimus, B. globigti, B. mesentericus, B. niger, B. panis, and B. vulgatus.

(2) B. pumilus Gottheil, which resembles strains of (1) that produce a
smooth glossy growth. It differs in failing to secrete diastase and in other
features, but its separation as a distinet species is still an open question. It
is sometimes identified as B. mesentericus.

(8) B. licheniformis (Weigmann) Gibson, the synonyms of which in-
clude B. subtilis (as used by Ford), B. globigii and B. mesentericus ruber.
This species may be differentiated from (1) and (2) by its cultural charac-
ters, slow proteolytic action, vigorous CO, production and ability to grow
anaerobically. S.T.C.

CHEESE

4. Some Problems in Cottage Cheese. H. C. Onson, A. and M. Col., Still-
water, Okla. Internatl. Assoc. Milk Dealers, Assoc. Bul., 36, No.
13:175-183. July, 1944.

Good cottage cheese can be made by either the long- or short-set method,
provided proper care for each technique is used. The flavor of cottage
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cheese is so mild that off flavors in the original milk or any which might
oceur in the manufacturing operation are especially objectionable. Many
advantages result from the use of high solids milk; these include the follow-
ing: more rapid acid development, firmer curd, and easier cooking. A final
whey acidity of 0.58-0.60 per cent is recommended for high-solids milk,
whereas the final acidity for low-solids milk seldom exceeds 0.56 per cent.
High-solids milk can be cooked at 5-10° F'. below low-solids milk, and the
cooking time is about half. Yields of 80 per cent moisture cheese were 19.2
per cent for high-solids milk and 14.6 per cent for low-solids milk, with 39.8
per cent and 33.6 per cent recovery of solids respectively. Low-solids skim
milk may sometimes be reinforced with dry or condensed skim milk to ad-
vantage. Good starter, curd of right firmness, and careful cooking to proper
degree of curd hardness are important points. Curd may be stored up to
two weeks at 40° F. in a 3 per cent brine solution with little deterioration.

5. The Persistence and Recovery of Bacteriophage in Cheese. AGNEs A.
NicmoLs anDp J. Z. Worr, Natl. Inst. Res. in Dairying, Univ. of
Reading, Reading, England. Jour. Dairy Res., 13, No. 3: 302-307.
1944,

Several cheese in the manufacture of which bacteriophage activity had
been noted were tested for bacteriophage activity. Extracts of the cheese
were prepared by shaking samples in quarter strength Ringer’s solution,
which was afterwards passed through a Seitz filter. The presence and con-
centration of the phage were indicated by two methods: (1) inhibition of
acid development when varying amounts of the cheese extract were added
to milk inoculated with susceptible starter strains; and (2) clearing of the
turbidity due to growth using yeast dextrose broth as a medium.

Phage activity in the cheese extracts in dilutions as high as 10-® and 10-°
was detected. There was very little change in the titre of the phage during
cheese storage up to one year. S.T.C.

6. The Influence of Abnormal Milk upon the Yield and Quality of Ched-
dar Cheese. C. K. Jouns anp C. A. GiBsoN, Dept. of Agr., Ottawa,
Canada. Jour. Dairy Res., 13, No. 3: 287-294. 1944.

An attempt was made to segregate abnormal milk in a commerecial cheese
factory. Abnormality was judged by catalase content, cell count, initial
acidity, pH, chloride, solids-not-fat and casein contents. These various tests
often failed to agree. Cheese was made from both abnormal and normal
milk, and the yield and quality compared.

In some of the trials a lower yield of cheese was secured from the ab-
nprmal milk, but this was not consistently true. There was good agreement
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between the solids-not-fat content of the milk and the yield of cheese. In
general, the cheese from the abnormal milk was inferior in quality, particu-
larly after ripening. S.T.C.

7. The Influence of Bacteriophage on the Cheese-Making Process. G. J.
E. HunTER, Dairy Res. Inst. (D.S.LR.), Palmerston North, New
Zeal. Jour. Dairy Res., 13, No. 3: 294-301. 1944.

Varying amounts of a stock solution of bacteriophage active against the
organisms of the single strain cultures used as starter were added to pasteur-
ized milk to be used for cheesemaking. The extent to which the presence of -
the phage is made evident during cheesemaking was shown to depend largely
upon the amount of initial infection. There was sufficient multiplication of
the phage with a heavy infection to cause lysis of the organisms and conse-
quent cessation of acid development before the manufacturing process was
complete. A light infection produced no noticeable influence upon the rate
of acid development. S.T.C.

CHEMISTRY

8. Measurement of the Consistency of Plastic Vegetable Fats. . A Stand-
ard Micropenetration Technique. R. O. FENGE AnND A. E. BALEY,
South Region. Lab., New Orleans, Lia. 0il and Soap, 21, No. 3: 78.
March, 1944,

The theory of the plasticity of fats is discussed and related to factors
that influence the consistency of solidified fats. It is pointed out that factors
such as solidifying and tempering conditions must be rigidly controlled in
order to measure the consistency of fats with a high degree of precision. A
quick micropenetration method is described. J.L.H.

9. Improvement Produced in the Stability of Lard by the Addition of
Vegetable Oils. R. W. RIEMENSCHNEIDER, J. TURER AND W. C.
Avuvr, East. Region. Res. Lab., Philadelphia, Pa. Oil and Soap,
21, No. 4:98. April, 1944. )
The stability of lard was increased by the addition of one to ten per cent
of various vegetable oils. The increase in stability was largely attributed -
1o the tocopherol content of the added oils. The tocopherol of the added oils
appeared to act synergistically with certain other known antioxidants such
as d-isoascorbyl palmitate and commerecial lecithin. J.L.H.

10. The Component Fatty Acids of Soybean Lecithin. M. H. THORTON,
C. 8. Jounson Axp M. A. EwaN, Purdue Univ. Agr. Expt. Sta.,
Lafayette, Ind. Oil and Soap, 21, No. 3: 85. Marech, 1944.

A preparation of lecithin from crude soybean phosphotides (Pangborn
modification of the cadmium chloride method) contained 97 per cent lecithin



!

CONCENTRATED AND DRY MILK; BY-PRODUCTS Ab

and 3 per cent cephalin. The per cent fatty acid composition of the prepa-
ration was as follows : Palmitic 15.77 ; stearic 6.30 ; oleic 12.98; linoleic 62.92;
linolenie 2.02. J.L.H.

11, The Fractionation of Milk Fat from a Solvent at Low Temperatures.
J. L. HenpersoN aNDp E. L. Jack, Univ. of Calif., Davis, Calif.
Oil and Soap, 21, No. 3: 90. March, 1944.

A procedure and apparatus for fractionating milk fat is described. The -
procedure consists of progressively freezing out, at lower temperatures,
fractions of the fat from solvent (Skelly Solve A). Fractions were removed
at —7, — 13, —23 and —53° C. with the remaining filtrate taken as a final
fraction. In physical appearance the fractions varied from a dry white
powder to a reddish yellow oil; in melting point from 53° C. to —10.6° C.;
in iodine number from 8.29 to 58.37; and in saponification equivalent from
262.8 to 235.2. ‘

The fat fractions concentrate the glycerides of similar properties in
separate fractions and makes them available for detailed study of composi-
tion, configuration and other properties. J.L.H.

CONCENTRATED AND DRY MILK; BY-PRODUCTS

12. Scientific Advances Which Will Present New Competitive Products
after the War. P. H. TrAcy, Univ, of Ill, Urbana, Ill. Bul. 36,
No. 11: 155-161. June 20, 1944.

Use will be made in the post-war period of some of the advances in proc-
essing evaporated milk and powdered whole milk, which will render these
products more acceptable to the consumer than in the past. Fresh con-
densed milk has certain advantages, and the frozen milk product is good
although inconvenient and expensive to distribute. These new products
and others should stimulate the fluid milk industry to improve its processing
and marketing efficiency and will suggest new approaches to the customer.
Quality of produet and efficiency on the farm, in the plant and in distribu-
tion—with emphasis on the nutritional value of milk—will help the flnid
milk industry to go forward in the post-war period without fear of other
competitive foods. E.F:G.

13. The Effect of Storage on the Plate Counts of Milk and Whey
Powders. ConsranceE HiceinorToM, Hannah Dairy Res. Inst.,
Kirkhill, Ayr, Scot. Jour. Dairy Res., 13, No. 3: 324-328. 1944.

-Plate counts were made on roller- and spray-process milk and whey
powders after storage for periods of up to 12 months. The count was de-
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termined in milk agar plates incubated for 3 days at 37° C. (98.6° F.) and
2 days at 55° C. (181° F.). Most, but not all, samples showed a decrease
in count, but this decrease varied materially. The author suggests that all
powders should normally be examined within 14 days of manufacture.

S.T.C.

14. Bacteriological Studies of Roller-Dried Milk Powders, Roller-Dried
Buttermilk and of Roller- and Spray-Dried Whey. CoNSTANCE
HiceinsorToM, Hannah Dairy Res. Inst., Kirkhill, Ayr, Scot.
Jour. Dairy Res., 13, No. 3: 308-323. 1944

Bacteriological studies were made of some 400 samples of dried milk -
produects, usually within 1 to 3 days of manufacture. All samples were
secured from plants in Great Britain. The mean values for the plate counts
at 37° and 55° C. (98.6° and 131° F.) of the roller-dried products were all
below 1,000 per gram as against 3 to 2% million at 37° C. (98.6° F.) and
10,000 to 30,000 at 55° C. (131° F.) for the spray-dried products. Marked
differences were observed in the plate counts of samples derived from differ-
ent plants, some plants giving consistently low counts and others higher and
more variable figures.

Cultures from plates made from the roller-dried products after incuba-
tion at 37° C. (98.6° F.) consisted chiefly of micrococci, sarcinae and spore-
forming bacilli. The flora were markedly heat resistant. Cultures from
plates made from the spray-dried whey after incubation at 37° C. (98.6° F.)
consisted almost entirely of Str. thermophilus and Str. faecalis. Spore-
forming bacilli were the principal flora on plates incubated at 55° C.
(131° F.). ‘ ' S.T.C.

DISEASE

15. Sulfonamide Preparations in Eliminating Mastitis. W. W. Swerr,
R. R. Graves, P. C. UnpErwoop, C. A. MATTHEWS, J. FRANK CONE,
Bur. Dairy Indus., U. S. Dept. Agr., Milk Plant Monthly, 33, No. 8:
42-50. Aug., 1944.

Experiments with the Beltsville, Maryland, dairy herd indicated that
treatment of mastitis with sulfonamide preparations was very effective. By
this treatment the infecting organisms were cleared from 80% of the quar-
ters containing streptococei, 90% of the quarters containing staphylococei,
55% of the quarters containing Pseudomonas aeruginosa, and 83% of the
quarters containing coliform bacteria. Approximately 94% of the quarters
that responded to the treatment were cleared as a result of the first, second
or third treatments. Unfavorable reactions to sulfonamide injections were
almost non-existent. G.M.T.
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16. Reviews of the Progress of Dairy Science. Section E. Diseases
of Dairy Cattle. P.S. Warrs, Hannah Dairy Res. Inst., Kirkhill,
Ayr, Scot. Jour. Dairy Res., 13, No. 3: 340-370. 1944,

This is an excellent review of recent literature dealing with mastitis,
contagious abortion and tuberculosis in dairy cattle. 239 references.
S.T.C.

FEEDS AND FEEDING

17. The Excretion of Borate by the Dairy Cow. E. C. Owex, Hannah
Dairy Res. Inst., Kirkhill, Ayr, Scot. dJour. Dairy Res., 13, No. 3:
243-248. 1944.

Two Ayrshire cows in mid-lactation were fed for 42 days on rations con-
taining 18 to 20 grams of added borax. The consumption of borate in the
control rations was about 2 grams per day. The daily excretion of borate
during the experimental feeding period was 13 to 16 grams in the urine, 5
to 7 grams in the feces and 0.3 to 0.6 grams in the milk compared with figures
of 1.5, 1.0 and 0.1 for the control period. There was no detectable retention
of borate in the body, and the levels of borate excretion rapidly returned to
normal after cessation of the experimental feeding. No adverse effects of
the borate feeding were observed. The live weight of the cows remained
normal, there was no diuretic effect, and the milk yield was well maintained.
The borate content of the milk increased from 0.7 to over 3.0 ppm.

About 98 per cent of the ingested borate was excreted in the feces and
urine. The borate content of the combined excreta was found to be about
500 ppm. Thus 5 tons of such excreta would contain about 5 pounds of
borax. The author draws attention to the fact that there may be some risk
of building up the boron content of soils to toxic levels for crops by the appli-
cation of manure made from the extreta of animals fed on boronated rations.

S.T.C.

18. Protein Supplements in Dry Calf Starters for Calves on Limited
Quantities of Milk. G. W. TriMBERGER AND H. P. Davis, Nebr.
Agr. Expt. Sta. Res. Bul. 134. 24 pages. Aug., 1944,

Fifty-one grade Holstein calves which had received whole milk for three
weeks were fed to six months of age. Each group was allowed fifty pounds
of skim milk, after which they were expected to obtain their nutrients from
the protein supplement provided in liquid form, a dry calf starter, and green
alfalfa hay (U.S. No. 1). The source of supplemental protein in the dry
calf starter for each group was: Group 1, soybean meal ; Group 2, tankage ;
Group 3, ground soybeans; Group 4, dried whey and blood meal ; Group 5,
dried skim milk powder ; and Group 6, blood meal. A vitamin A and D con-
centrate first was fed to each calf in the liquid, and later it was thoroughly
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mixed with the calf starter. The several calf starters were fed to four
months of age, after which all the groups received the same basal grain mix.

The calves on the soybean meal (Group 1) and the ground soybeans
(Group 3) lost weight and became very emaciated, but were allowed to
remain on experiment as long as possible with the hope that they might
recover from the temporary setback. However, when these calves became
too weak, they were switched to a more desirable ration. Recovery was
eradual, and the rate was apparently dependent upon the degree to which
erowth had been checked and also on the quantity of skim milk or whole
milk supplied. When fed the additional milk, they eventually gained suffi-
ciently to be normal in weight for their age. These two groups had the
highest requirement for total digestible protein and total digestible nutrients
per hundred pounds of gain, which indicates that it is poor economy to feed
improper rations to young calves. It may be concluded that, under the
conditions of this experiment, soybean meal and ground soybeans were not
satisfactory as the principal source of protein in a dry calf starter for calves
of approximately one month of age.

The four groups of calves receiving the animal protein in the dry calf
starter, namely, tankage, dried whey and blood meal, dried skim milk, and
blood meal, made normal growth. Average weights at six months of age
per calf and the average daily gain per calf were as follows: Group 2 (tank-
age) 349.0 pounds, 1.40 pounds; Group 4 (whey and blood meal) 338.1
pounds, 1.34 pounds; Group 5 (dried skim milk) 361.4 pounds, 1.49 pounds;
and Group 6 (blood meal) 352.5 pounds, 1.44 pounds.

The results were tested statistically by analysis of variance; and the
differences in the gains between the calves on the soybean meal and soybeans,
when compared to the gains in weight of the four groups receiving animal
protein, were highly significant at eight weeks of age. The statistical test
was also applied at the age of four months, when the feeding of the dry calf
starter was discontinued, and again at six months at the completion of the
experiment; and no significant differences were obtained among the six
oroups. This indicated that the two groups which originally were stunted
on the poor rations had recovered on the more desirable rations. Except
for the tankage group at eight weeks, there were no significant differences
for the gains among the four groups of calves receiving the animal protein
in their rations at any period of the experiment. J.G.A.

FOOD VALUE OF DAIRY PRODUCTS

19. The Effects of Commercial Processing and of Storage on Some Nutri-
tive Properties of Milk. Comparison of Full-Cream Sweetened
Condensed Milk and of Evaporated Milk with the Original Raw
Milk. K. M. Henry, J. Houston, S. K. Ko~ axp S. Y. THOMP-
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soN, Natl. Inst. Res. in Dairying, Univ.. of Reading, Reading,
England. Jour. Dairy Res., 13, No. 3: 329-339. 1944,

Evaporated milk and sweetened condensed milk were prepared simul-
taneously on several occasions, each time from a common bulk of raw milk.
Biological value and digestibility of the proteins of the milks were measured
on rats. Vitamin A and carotene, vitamin B, riboflavin and vitamin C
were measured by chemical or physical methods.

The data show no loss of vitamin A, carotene or riboflavin in either of
the processes. The mean lossof vitamin C was 10 per cent for the condensed
and 60 per cent for the evaporated milk. The vitamin B, losses were 3.5
and 27 per cent respectively. The biological values and true djigestibilities
of the proteins of the raw, condensed and evaporated milks were respectively
85.6 and 94.2, 84.6 and 98.8, 84.1 and 93.7. The differences in biological
value were not statistically significant, but the digestibility of the condensed
milk was significantly higher than that of the other two milks.

The condensed milk was stored for one year at 15° C. (59° F.). There
was 1o loss during that period of either vitamin A, carotene, or riboflavin.
The vitamin C loss amounted to 42 per cent and that of vitamin B,, 30 per
cent. At 37° C. (98.6° F.) 64 per cent of the vitamin B, and 35 per cent of
the riboflavin were destroyed in 6 months. The vitamin A and carotene
were unchanged. S.T.C.

HERD MANAGEMENT

20. The Prospective Requirements for Dairy Cattle Replacements in
Europe as a Result of the War. _KArL Branpt, Food Res. Inst,,
Stanford Univ., Calif. Internatl. Assoc. Milk Dealers, Assoc.
Bul, 36, No. 15: 99-204. Sept., 1944.

The author’s estimate is that in the summer of 1944 the European dairy
herd was probably less than 10 per cent below the prewar level. Although
there will need to be some replacement of dairy stock after the war, it is the
opinion of this writer that such replacement requirements will be met almost )
exclusively with European stock and that shipments of breeding stock from
the United States will not occur in substantial volume, if at all. Among the
reasons for the above conclusions are :

1. Since the main reduction of herds in Europe has been due to lack of
imported concentrates, an increase in these supplies will result in rapid
build-up of herds, with perhaps prewar numbers reached in 2 or 3 years.

2. Many of the breeds of dairy cattle needed in Europe are not to be
found in the United States.

3. Farmer organizations in the various dairy cow deficient countries will
want to keep the profitable replacement business for their own people.
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4. Good dairy cattle are not readily transported without considerable
injury, especially during a long, rough sea voyage.

5. American dairy cattle today are probably the highest-priced cattle in
the world.

It is suggested that a practical substitute for cattle importation into
Europe would be the sending of grain and oil seeds to these countries. In
this way they could quickly replenish their own herds. In the meantime,
the United States could continue shipping milk products to Europe as long
as needed. E.F.G.

21. Milk Cow Numbers and Herd Replacements by 1950. Howarp R.
Torrey, U. S. Dept. Agr., Washington, D. C. Internatl. Assoc.
Milk Dealers, Assoe. Bul,, 36, No. 8: 99-113. June, 1944.

Two forecasts are made on the basis of assumption of two different condi-
tions in 1950: The first is an expanding economy arising from conditions of
full employment and economic collaboration, which would require 126.2 bil-
lion pounds of milk. The second is a depressed economy arising from con-
ditions of relatively widespread unemployment as a result of failure to pro-
mote economic peace either at home or abroad, which would require 116.5
billion pounds of milk. Estimates of milk cow numbers and replacements
may well be based upon an annual milk production ranging from 116 to 126
billion pounds. Over a considerable period of time, rate of decrease of milk
cows on farms has been at about the same rate as increase of human popula-
tion, namely, 1%. Ordinarily, each year about 19 out of every 100 milk
cows 2 years or more of age are culled out and about 20 heifers 1 to 2 years
of age retained for replacements. This and other normal practices followed
till 1950 would result in 8% less heifers on farms in 1950 than on January
1, 1944.

At the 1% rate of increase, there would be 27.5 million producing milk
cows by 1950, and these at the 1943 average production per cow would yield
approximately 126.7 billion pounds of milk. This is about the amount which
would be consumed under conditions of full employment.

Perhaps nutritional needs should be considered in this problem. If the
family groups with incomes below $1,500 per year were brought to an ade-
quate milk consumption basis, a production of 140 billion pounds would be
required. If this goal is wholly impractical, then through a series of pro-
grams such as the school milk program, skim milk enrichment of bread, and
some broad program for low-income groups, the amount of milk representing
the difference between depression and full employment consumption could
be utilized and the industry thereby stabilized in both good and bad times.
There is considerable room for inereasing milk production per cow so that
this added production could be obtained with no great increase in milk cow
numbers. E.F.G.
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22. Maintaining Ice Cream Quality During Wartime. J. HorrmMAN ERs,
Borden Co., Columbus, Ohio. Ice Cream Field, 44, No. 4: 32.
Oct., 1944.

According to the author, solids in one form or another have always been
considered important in securing the desired body and texture. [He claims
that present experience shows that the manner in which the dispersed par-
ticles are suspended in ice cream is also important.

Effective homogenization is essential to assure proper fat dispersion, and
it is stated that one or two per cent fresh egg yolk aids materially in securing
small air cells that are important to good body. Proper freezing and
hardening are stressed and the fact pointed out that low-solids mixes develop
coarseness in the dealer’s cabinet much faster than higher-solids ice cream.
The view is expressed that the ‘‘ideal’’ stabilizer should have both good
water-binding capacity and good emulsifying powers.

The opinion of the author is that corn sweeteners perform a worthwhile
function and their use is likely to be continued, but he states that cereal
products are of doubtful advantage as possible replacement agents for milk-
solids-not-fat. He encourages attractive and pleasing flavor combinations
and stresses the need for sanitation. W.C.C.

23. Studies on Certain Varieties of Fruit in Ice Cream. G. H. WILSTER,
E. H. WeGaND aAND THOMAS ONSDORFF, Oreg. State Agr. Expt.
Sta., Corvallis, Oreg. Ice Cream Field, 44, No. 4: 30. Oct., 1944.

The authors list the following reasons for fruit being used in ice cream:
(1) It adds to the flavor of ice cream. (2) It gives pleasing color to the
ice cream. (3) It greatly increases varieties that can be made. (4) It
adds important nutritional constituents.

They stress the advantages of using pure fruits in liberal amounts in ice
cream and give the results of studies earried out at the Oregon Agricultural
Experiment Station, pointing out that certain parts of the work were in co-
operation with the Commodity Processing Division of the Western Regional
Research Laboratory, United States Department of Agriculture, Albany,
California.

The authors considered the following fruits in their studies: raspberry,
black raspberry, blackberry, strawberry, Blue Damson plum, and apricot.
The mixes to which the fruit was added were approximately 12.5 per cent
fat and 37 per cent total solids. Sucrose, dextrose and corn sirup were used
as sweeteners, and fresh whole egg was also used in the mix. The ice cream
was frozen in a fifty-quart batch freezer.

The following conclusions are drawn as a result of this work:

(1) Berry purees, when used in ice cream, resulted in excellent flavor
and attractive color. (2) The addition of 15 per cent strawberry and plum
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purees gave satisfactory results, whereas 15-20 per cent raspberry puree

and 20 per cent black raspberry puree were required. (3) For marbled ice

cream the addition of 15 per cent apricot puree was very satisfactory.
W.C.C.

24. Frozen Foods and the Locker Plant. Dowvawp K. TRESSLER, Mgr.,
General Electric Consumers Institute, Bridgeport, Conn. Ice
Cream Field, 44, No. 4: 38. Oct., 1944.

Although the importance of frozen foods was known before the end of
the 19th century, according to the author it was not until about 1930, when
low storage temperatures became generally recognized, that frozen foods
became popular. Their use has increased markedly since that time due
largely to improved quality and especially to increased facilities for storage
and distribution. It is stated that many companies are now considering the
house-to-house distribution of frozen foods.

Tt is predicted that the locker plant should play an important role in the
future frozen-food industry since it will supply increased storage facilities
and enable the plant to sell desired items to its patrons. Also, if conditions
are right, local products may be processed and frozen. The author warns
against overoptimism in the case of the last-mentioned function because
considerable technical knowledge is necessary to process successfully and
freeze such foods. W.C.C.

25. How To Merchandise Frosted Foods. CArL SEABERGH, Pres., Frostar
Frozen Food Centers, Inc., New York. Ice Cream Field, 44, No.
4:52. Oct., 1944,

In order for a dealer successfully to sell frozen foods, ‘‘he must induce
his sales people to talk about them to the customers,’’ it is stated. Using
posters and display materials helps, but frozen foods are sealed in packages
and stored where it is difficult to display them to advantage.

The author points out in some detail things the sales people should say
to customers about frozen foods. He stresses the importance of being famil-
iar with the products for sale, the manner in which they are processed, the
locality in which they are grown, and best ways of cooking and serving them.

W.C.C.
MILK

26. Advantages and Disadvantages of Two- and Four-Quart Containers.
W. A. JivisoN, Borden Co., Chicago Milk Div., Chicago, Il
Internatl. Assoc. Milk Dealers, Assoc. Bul.,, 36, No. 12: 167-172.
June, 1944. :

A brief history of multiple-quart containers in the Chicago market is
given. The 4-quart container has been handled by outlying stores. It has
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been less acceptable to the consumer than the 2-quart bottle, however, be-
cause it is too large for the present-day refrigerator. Also, with every-
other-day delivery, the necessity for storage of two 1-gallon containers
creates a further problem. There was not enough difference in the price
of the 2-quart and 4-quart containers to make that a factor in consumer
preference. The 2-quart bottle was 32¢ in both Chicago and suburban areas,
and the gallon 62¢ in the former and 59¢ in the latter. However, if there
were a substantial decrease in family income, the larger container might
become more popular. Both milk dealers and container manufacturers
should work closely with refrigerator manufacturers in the development of
more satisfactory post-war milk containers. E.F.G.

27. Our Experience with EOD Delivery. RoBerrT A. BUrNs, Whiting
Milk Co., Boston, Mass.; E. K. ScHwARTZ, Abbotts Dairies, Inc.,
Philadelphia, Pa.; T. Kuinge HAaminron, Diamond Milk Produets,
Columbus, Ohio. Internatl. Assoec. Milk Dealers, Assoc. Bul., 36,
No. 9:119-133. June, 1944,

Experience with EOD delivery indicates advantages in efficient and
economical operation, with few serious disadvantages.

The main disadvantages were: occasional wholesale accounts on retail
routes, such as offices or apartment houses; and lessened sales initiative
because of high earnings due to route consolidation. However, the advan-
tages so greatly outweigh the objections to EOD delivery that it will be a
““must’’ in post-war planning. ,

The experience of the Diamond Milk Products Company in combining
6-day with the later EOD delivery, resulting in regular 3-day-per-week de-
liveries, indicated that the following advantages of both systems could be
obtained : mileage and gasoline cut in two; man hours cut by more than
half; number of trucks and mileage per vehicle cut almost in two; units
delivered per man hour, more than 2} times; daily units delivered per mile,
more than 3 times ; hours worked per man reduced one-fifth. The question
1s, “‘Can we afford not to-retain wartime efficiencies in the post-war period ?’’
The best competitive weapon that any business can have is low operating
cost. The slogan for the post-war period might be: ‘“More milk to more
people at less cost.”’ E.F.G.

28. The Connecticut Three-Point Laboratory Program as an Aid to Con-
trol of Pasteurized Milk. Friexp Lee Mickig, Conn. State Dept.
of Health, Hartford, Conn. Internatl. Assoc. Milk Dealers, Assoc.
Bul, 36, No. 14: 187-193. July, 1944.

See Abstract 48, Jour. DAIrY Scr., 27, No. 2: A23. 1944. E.F.G.
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29. Recommendations for the Standardization of the Method of Deter-
mining the U.S.P.H.S. Index of Homogenization of Milk.
Raxpant, WHITAKER AND LuTHER D. Hmuier, Natl. Dairy Prod.
Corp., Baltimore, Md. Internatl. Assoc. Milk Dealers, Assoc. Bul.,
36, No. 6: 67-81. May, 1944,

The 1943 U. S. Public Health definition of homogenized milk is reason-
able. This specifies that there shall be not over 10 per cent difference in
butterfat between the upper 100 ml. and the remainder of a quart bottle
after 48-hour storage. A number of variables possible under the U.S.P.H.
definition have been studied, and a laboratory technique which gives good
results is outlined as follows:

Duplicate cooled standard quart bottles from the line are held at 40—45°
F. without agitation for 48 hours. Eighty per cent of the fat which collects
at the top is in the upper 10 ml. and all in the upper 30 ml. A method for
pouring the top 100 ml. of milk is suggested. ~This is to place the thumb at
about the 80-ml. mark on a 100-ml. cylinder and pour the 100 ml. quickly in
2 to 3 seconds. This method is somewhat less accurate and gives a higher
result than the suction method but is much more practical. Average homog-
enized market milk will have an average U.S.P.H. index of 6-9 per cent
with this sampling method, using a good modified Babcock method for fat
determination. E.F.G.

30. Human Relations Is Management’s Job. R. B. Stontz, Ohio State
Univ,, Columbus, Ohio. Internatl. Assoe. Milk Dealers, Assoc.
Bul,, 36, No. 5: 55-64. May, 1944.

Twelve qualifications for the successful manager are listed. Each is
explained or illustrated.

1. Like people and be sympathetic to their problems. 2. Create a demo-
cratic organization. 3. Do not take anything for granted. 4. Do not un-
derestimate the individual’s mental capacity. 5. Do not overestimate the
individual’s mental capacity. 6. Keep each worker loaded to his mental
and physical capacity. 7. Use group pressure (influence of the majority
in aligning the uncooperative minority). 8. Create respect. 9. Inform
employee in advance regarding changes. 10. Use incentives (there are
many others than money). 11. Recognize accomplishments. 12. Consider
publications (information, recognition or employee self-expression by means
of house-organ or other means). EF.G.

31. Train Salesmen Now for Post-War Selling. E. R. QUACKENBUSH,
Dairyman’s Ohio Farmers Milk Co., Cleveland, Ohio. Internatl.
Assoc. Milk Dealers, Assoc. Bul., 36, No. 3: 28-38. May, 1944.

Customer good will is a factor which will be more important than ever
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after the war. Courtesy in explaining the present unavoidable inconveni-
ence will tend to build up good will.

Home delivery of milk will always call for some basic training in the
fundamentals of accurate, courteous and dependable service. For new
men taken on under war conditions, this training should be started at the
carliest possible moment, using the ‘‘Balanced Job Manual’’ supplemented
with specific information about your own company’s products and policies.

E.F.G.

32. Future Operations in the Milk Industry. P. H. Tracy, Univ. of Il
Urbana, I1l. Milk Plant Monthly, 55, No. 7: 3640. July, 1944.

The author emphasizes that in our present complicated society the phi-
Josophy of ‘‘the greatest good for the greatest number’’ involves the regula-
tion of business for the best interest of the public. In the transition from
war to peace, depleted supplies and commodities must be made available.
Rationing may be necessary for some items. Due to the extensive use that
will be made of concentrated forms of dairy products such as cheese, butter,
powder and evaporated milk by military and lend-lease agencies, an appre-
ciable surplus of these products will not be realized for some time. If pur-
chasing power is maintained, the consumer . will respond to the advice of
nutritionists to increase milk consumption.

As purchasing power shrinks and competition of other basic foods be-
comes keener, those in the fluid milk industry will find it increasingly diffi-
cult to maintain their sales. Greater efficiency must be established if the
milk plant is to survive. Nine factors contributing to high plant costs are
listed. The author presents an excellent list consisting of 31 conditions
which will eontribute to greater efficiency of the milk plant. . This list is in
itself a challenge to any milk plant operator. G.M.T.

33. What Is the Future of Retail Milk Distribution? A. R. STEVENS,
Sheffield Farms Co., Inc., New York, N. Y. Internatl. Assoc. Milk
Dealers, Assoc. Bul, 36, No. 1:3-12. May, 1943.

Prior to the war a certain amount of change from home to store delivery
—retail to wholesale—had taken place in recent years. War conditions
have at least temporarily reversed this trend.

Trends of population indicate that adult milk consumption will be more
important in the future. The route man, his ability and qualifications, will
call for more careful scrutiny in the post-war period since the successful
retailing of milk depends mainly upon the route personnel. Service and
customer relations will be of vital importance.

Milk has too long been associated with infants. Only 8.6% of the white
population is under 5 years of age while 63% is over 20 years, and the latter
eroup should receive more attention. E.F.G.



Alb6 ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS

34. Practical Suggestions to the Industry to Meet Quality Problems on
the Farm and in the Plant under War Conditions. WaALTER D.
TiepEMAN, N. Y. State Dept. of Health, Albany, N. Y. Internatl.
Assoc. Milk Dealers, Assoc. Bul,, 36, No. 2: 15-21. May, 1944.

Four points are listed which cannot be safely slighted even under war
conditions. They are as follows:

1. Skilled inspection of milk in the receiving room. 2. Proper operation
of the pasteurizing equipment. 3. Efficient washing and sterilization of
equipment and containers. 4. Inspection of filled bottles.

Also, it would be of great value if competent field service were available.
However, if the four operations above are performed satisfactorily, safety
and quality will be under econtrol. E.F.G.

35. Fieldman’s Share in Producing Quality Milk. X. Straining Milk—
and Filter Discs. N. C. AxgeviNE. Milk Plant Monthly, 33, No.
7:22 23, 81. July, 1944.

Foreign material, whether soluble or insoluble, has no place in .clean
milk production.  Much of the soluble matter can be removed at once
through immediate and proper straining of milk on the farm. Examina-
tion of spent filter dises after each milking will show the producer the
amount and kind of dirt getting into the milk. Proper methods, which in-
clude care of animals, barn, milk house, milking equipment, and handling of
milk, are necessary to keep foreign material in milk to a minimum. In
filtering milk, the dise must fit the strainer. A slow filtering disc usually
produces unsatisfactory results. Hence, the producer is forced to clean and
replace the filter disc or to jostle the strainer on top of the can, thus destroy-
ing the filter dise and permitting the milk and accumulated sediment to flow
into the milk. A good filter disc should have efficiency, speed, wash-re-
sistance, and capacity. G.M.T.

36. Fieldmen’s Share in Producing Quality Milk. XI. The Sediment
Test. RavwpH E. IrwiN, Dir., Bur. Milk Sanit., Pa. Dept. Health.
Milk Plant Monthly, 33, No. 8: 58. Aug., 1944.

The author desecribes briefly sediment testing of milk and raises the
question as to who should remove sediment from milk—the producer or the
distributor. Properly strained milk may appear clean upon subsequent
sediment tests. While the sediment test was based on a pint sample of milk,
the ‘‘off-the-bottom’’ tester was effective in showing the producer just how
much foreign material there was in the milk. If straining is necessary, a
single service strainer should be used. Probably municipal or state officials
should promote the production of milk that may be delivered to the distribu-
tor without straining. ) G.M.T.



MILK Al17

37. Fieldman’s Share in Producing Quality Milk. XII. Aspects of
Filtering Milk on Farms. K. G. WEckeL, Dept. Dairy Indus.,
Univ. of Wis. Milk Plant Monthly, 33, No. 9: 42, 43. Sept., 1944.

Sinee milk first elaborated from the udder is entirely free of extraneous
material, there are only two plausible reasons for the use of the strainer at
the farm, namely, to remove promptly any extraneous material, and to pro-
vide the milk producer with a first-hand sediment test of the milk. Four
important sources of sediment are noted: (1) dirty flanks and udders, (2)
wet and dirty hand milking, (3) dirt in the utensils and cans, (4) dirt and
dust gathered from the air during handling, either in the barn, milk house or
truck. Unless the purpose and function of milk strainers is properly under-
stood by field men and producers alike, emphasis may be placed on taking
extraneous material out of milk rather than producing milk under condi-
tions which will keep the milk free from extraneous material. The strainer,
at best, must be considered only an adjunet to, and not the principal part of,
the process of producing clean milk. G.M.T.

38. Fieldman’s Share in Producing Quality Milk. XIIL. Is Aeration
of Milk Necessary? G. M. Trout, Mich. Agr. Expt. Sta. Milk
Plant Monthly, 33, No. 10: 22-25. Oct., 1944.

Early reports concerning the aeration of milk indicated that this process
was very beneficial in overcoming flavor defects of milk. However, research
studies showed that aeration was not 100 per cent effective, although the off-
flavor was less objectionable after the process.

The value of aeration is often over emphasized. Aeration of milk in the
milk plant has been detrimental to stability of flavor of the bottled product.

The process, at its best, is an attempt to remove the odor which got into the
* milk through faulty milk production rather than avoiding the odor in the
first place.

Improvements in milk production during the past score of years have
minimized the importance of aeration of milk. These improvements have
resulted, in a large part, from: (1) investigations of the causes and pre-
vention of off-flavors in milk due primarily to feeds; (2) construction of
better ventilated dairy stables; (3) changed practices of feeding in respect
to time of milking; (4) development of milk-cooling units; (5) universal
tendency toward prompt handling and cooling of milk; (6) introduction of

~new cleaning and sterilizing compounds; and (7) closer inspection of milk
supplies. ’ G.M.T.

39. Fieldman’s Share in Producing Quality Milk. XIV. The Opera-
tion and Interpretation of the Sediment Test. JouN TAYLOR,
Chief, Bur. Dairy Prod., Ind. State Board of Health. Milk Plant
Monthly, 33, No. 8: 58-59. Aug., 1944.

The sediment test for milk was believed to be of little value unless



Al8 ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS

used with other tests in a complete quality program. Its use should aec-
company a bacteria test such as the methylene blue or the Breed microscopic
count, together with a study of the dairy production facilities on the farm.
Nine prineiples set forth in the Indiana program for the improvement of milk
in plants manufacturing cheese, evaporated milk and milk powder are given.
The program consisted only of flavor and sediment tests. The cans of milk
rejected over a five-year period because of sediment test alone indicate that
the quality of the milk was not improved. A satisfactory program of milk
sanitation must begin on the farm. G.M.T.

40. The Freezing Point of Milk. II. The Influence of Various Factors
and Their Bearing on the Detection of Added Water. R.
AscHAFFENBURG AND B. C. VEINoGLOU, Natl. Inst. Res. in Dairying,
Univ. of Reading, Reading, England. Jour. Dairy Res., 13, No.
3:267-280. 1944.

The freezing point depression of the milk from all the Shorthorn cows in
the Institute herd (30 to 40 cows) was determined at fortnightly intervals
over a period of 16 months (17 April, 1941, to 19 August, 1942). The milk
from a smaller number of animals was sampled at about 3-day intervals.

The general mean for the freezing point depression was found to be
0.548° C. (0.986° F.), and only two values deviated by more than 4.5 per
cent from this mean. Significant seasonal trends were observed, which in-
dicate that milk with somewhat smaller freezing point depression may be
produced during the spring.

The freezing point depression of evening milk was generally higher than
that of morning milk except during the winter period when the cows were
stabled at night, when the depression values of the morning milk were the
higher. Environmental temperatures may thus be a factor.

No evidence was found of any influence of age or stage of lactation of a
cow on the depression values. No relation was detected between milk yield
and only a low positive correlation between the solids-not-fat content of
milk and its freezing point depression.

The data show that the limiting freezing point depression value of 0.530°
C. (0.954° F.), commonly used for the differentiation of genuine milk from
adulterated milk, is well chosen. S.T.C.

41. The Freezing Point of Milk. III. A Survey of Producer’s Milk as
Delivered to Creameries in England and Wales. R. ASCHAFFEN-
BURG, P. L. TEMPLE AnD B. C. VEINoGLOU, Natl. Inst. Res. in Dairy-
ing, Univ. of Reading, Reading, England. Jour. Dairy Res., 13,
No. 3: 281-286. 1944,

The freezing point depression was determined on some 4,000 samples of
milk as delivered by individual producers to creameries in England and
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Wales. About 6 out of every 100 samples were found to contain over 10
per cent or more of extraneous water. S.T.C.

42. The Occurrence in Winter of Milk with a Low Content of Solids-
Not-Fat. S. J. Rowranp, Natl. Inst. Res. in Dairying, Univ. of
Reading, Reading, England. Jour. Dairy Res., 13, No. 3: 261-266.
1944,

Data are presented which show that much of the milk produced in cer-
tain areas during the winters of 1942 and 1943 was below the legal minimum
of 8.50 per cent solids-not-fat. Samples of milk from 36 representative
producers at one creamery and 72 at another were analyzed at semi-monthly
intervals from January through June of 1943. The solids-not-fat content
of the milk samples was persistently low until about the middle of April, but
rose to normal levels in May. The solids-not-fat content of the milk of each
producer was without exception greater in the May—June period than in the
winter period, the mean increase in solids-not-fat percentage being 0.45.
The freezing point depression of the milk was normal,

The author suggests that the low level of solids-not-fat was due to a low
plane of nutrition of the cow. S.T.C.

43. Producing Clean Milk. G. H. Wirster anp H. P. Ewart. Oreg.
State Col. Ext. Bul. 630. 24 pages, illus. Jan., 1944.

A detailed, popular treatment of the subject, profusely and attractively
illustrated. A summary of 24 important points in the production of clean
milk is appended. J.G.A.

MISCELLANEOUS

44. Probable Trends in Post-War Dairy Equipment. RoBErTs EVERETT,
Dairy Industries Supply Assoc.,, Inc. Internatl. Assoe. Milk
Dealers, Assoe. Bul., 36, No. 7: 87-96. June, 1944.

It is thought by dairy machinery and supply manufacturers that in the
initial post-war period machinery will be very similar to the pre-war models.
It will take time to assemble engineering talent and get new models past the
experimental stage,

Later, the skill which the worker has acquired in war work will be
utilized in making better machines, built to closer tolerances, with resultant
better performance. Also, experience in mass production of war items will
result in greater workman efficiency and greater value to the customer. In
the user’s hands the machine will show low-cost operation, maximum
efficiency and minimum labor requirements. Prospective high labor and tax
costs make this very important, and only the best equipment will be satis-
factory. Better utilization of stainless steel will prevail, and the finished
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product will have more ‘‘eye-appeal.”” On outside surfaces, where stain-
less steel is not used, metallic and plastic coatings of various kinds will to
a large extent replace paint.

Large plants will be interested in synchronizing equipment for continu-
ous operation with antomatic control. High-temperature-short-time pas-
teurization, with its regeneration savings, fits into this picture. Post-war
boilers with 10 per cent higher efficiencies than pre-war will be available.
In the receiving room improved mixing for fat sampling, and perhaps auto-
matic dumping of milk from cans to weigh tank, will be available. The
continuous manufacture of butter will open up possibilities of greater uni-
formity.

Looking farther ahead, it will likely be necessary that some type of ‘‘raw
material’’ control be practiced to aid the farmer in reducing costs. Also,
there should be some way of reducing the price of fluid milk as compared with
the cost of milk in some other forms, and country to city transportation cost
should be cut. Improved plant efficiency may be attained with application
of electronies to measurements of tests, detection of dirt in bottles, etc.
Maintenance of product quality will be especially important.

Better methods of maintaining and routing dairy vehicles have been
learned. These vehicles will be lighter due to use of materials such as
magnesium and aluminum molded plywood. Automatic and semi-automatic
controls will be another factor in better performance of post-war vehicles.
There will be no streamlining because this would not allow as efficient use of
space.

Changes wanted and needed by the dairy industry will influence the
manufacturer to do his best to search for practical ways to fill the require-
ments. E.F.G.

45. Norelac—A Proposed New Synthetic Coating Material. J. C.
Cowan, A. J. LEwis ANp L. B. FALKENBRING, North. Region. Res.
Lab., Peoria, I1l. Oil and Soap, 21, No. 4: 101. April, 1944,

A new synthetic coating material, Norelac (the ethylene diamine polymer
of polymerice fat acids) is deseribed and some of its properties indicated.
It appears to be an effective protective coating for wood, metal and other
materials and an adhesive for heat-sealing and laminating of paper, cello-
phane, glassine and other packaging materials. J.L.H.
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ONE oF oUR most difficult problems in selling
Diamond Crystal Salt is the apathy of food
technologists and salt buyers toward salt. Too
often they say, ‘“Oh, well, salt is salt.”

Take solubility: In salting butter, salt must dis-
solve with lightning speed. If the butter fat is
on the soft side—lacking in body—at certain
seasons, butter salt must dissolve so quickly
that over-working is avoided. Otherwise, the
butter may become mottled or marbled—and
may lose its moisture, become leaky. Yet, if the
salt is not properly dissolved, the butter may
be gritty. On the other hand, in salting cheese,
slow solubility of salt is highly important.
Otherwise, salt is lost in whey, producing under-
salted cheese.
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To meet these problems, we have set up definite
solubility standards for Diamond Crystal Salt.
_Our Diamond Crystal Butter Salt, for example,
dissolves completely in water at 65° F. in less
than 9.8 seconds—average rate, 9.2 seconds.
Quality-minded food processors can depend on
Diamond Crystal products, made to meet strict
quality-control standards for solubility rate.

NEED HELP? HERE IT IS!

If salt solubility enters into your processing,
our Technical Director will gladly recommend
the correct grade and grain of Diamond Crystal
Salt to give you best results in your plant. Write
Diamond Crystal, Dept. H-6, St. Clair, Mich.
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When a Seal-Kap goes over the pouring
lip of a clear glass bottle, it is there to pro-
tect the contents right through to the end.
During handling and delivery, the
pouring lip is completely shielded
from danger of contaminating con-
tacts.
In the home, Seal-Kaps come off the
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wrist, avoiding fork-prying and
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back on, as often as necessary, with
a tight-fitting snap. As long as there
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taints, ;
With Seal-Kap protection, pure milk
stays pure, right down to the last drop.
Now, more than ever, they guard the
nation’s vital milk supplies.

AMERICAN SEAL- KAP CORPORATION

11-05 44th Drive, Long Island City, N. Y.
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A successful way to improve can washing is flavor & aroma-pro-
. » £ ducing qualities.
to use a cleaning agent that combines vigor- ey
ous detergent action with lime-solubilizing The standard wit
s T . foremost operators,
characteristics and free-rinsing properties. agricultural schools &
These THREE essential ingredients you will colleges.

i formance-proved.
find in peformance-p: ?L ﬁsv-o—)LAc m} AKES
. wn shown) produce a
quart of the finest
Oakite Composition No. 82 e b slagtc
. . s : 5 ‘ e
Thlll: 1:i;lmck-:a.cténg ma:er;fal f;igedllg rerxfloves g;&‘,’;‘;z,o‘a_“ ng
mi m . .. does not affect tinned surfaces. B
Oakite Composition No. 82 rinses and drains SEECIAL.NLAV-0-LAQ ELAKES “40

i i e _ produce 40 quarts of starter on a single prop-
freely, leaves cans in sanitary, odor-free con i i S gt

S, . Free Culture Manual of Fermented Milk Prod-

Interesting Special Service Report describing ucts on request.

effective, low-cost can washing the Oakite Pioneers in Spectro-chemical, Chemical and

way is yours FREE for the asking. Send Fluoro-photometric Detfirminatior;‘a of Ztt_gﬂuéu

f AY! A, B, Ba, Nicotinic Acid, Pantothenic Acid, Bs,

oryeve apy TODAY ¢ 11:9‘ i; Dairy and Fpo?; Products. (Vitn;mu;
OAKITE PRODUCTS, INC., D excluded) inquiries invited.

Dairy Research Division, TH E
16G THAMES STREET, NEW YORK 6, N. Y.

Technical Service Representatives Located in All DAIRY I-ABURATURIES
Principal Cities of the United States and Canada
= 23rd & Locust Sts., Phila., Pa.
OAKITE ¥# CLEANING

BRANCHES
NATERIALS EnaeTHoDS. SERVIcE VlT e

W57,
- %

DALARE
ASSOCIATES

New York Baltimore Washington
See our catalog in Dairy Industries Catalog.

“THE GAULIN TWO STAGE HOMOGE-
NIZER AND HIGH PRESSURE PUMPS
have met the Dairy Industries needs for a
durable, heavy duty and economical machine,
since 1909. Homogenizers and Pumps are
still available with proper priority ratings, as
well as repair and replacement parts. Both
machines are strictly sanitary and are ap-
proved by all leading health boards. The
Homogenizers are built in sizes from 75 gal-
lons to 2000 gallons per hour, and the High
Pressure Pumps are custom built to suit in-

dividual needs. The Gaulin is the ideal, all-
Cor bulietin  purpose machine for fluid milk, ice cream,
descriptive—  evaporated milk, condensed milk and spray-
Writeforit.  drying milk or eggs.”

MANTON-GAULIN

TWO STAGE

HOMOGENIZER
THE MANTON-GAULIN MFG. CO., INC.

7 CHARLTON STREET EVERETT, MASS., US.A.

Your advertisement is being read in every State and in 25 Foreign Countries
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AMERICAN DAIRY SCIENCE ASSOCIATION

INCORPORATED IN THE DISTRICT OF COLUMBIA
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Secretary-Treasurer ...

Officers

A. C. RAGSDALE, Columbia, Missouri
J. A. NELSON, Bozeman, Montana
R. B. StoLTz, Columbus, Ohio

Editor T. S. SurToN, Columbus, Ohio
Director P. A. Downs, Lincoln, Nebraska
Director J. A. LINN, Manhattan, Kansas
Director P. H. Tracy, Urbana, Illinois
Director Q. L. BLACKMAN, Columbus, Ohio
Director R. B. BECKER, Gainesville, Florida
Director W. E. PETERSEN, St. Paul, Minnesota
Director A. C. DAHLBERG, Ithaca, New York
Officers of Sections
DAIRY PRODUCTION SECTION
Chairman GLEN SALISBURY, Ithaea, N. Y.
Vice-Chairman DwicHT SEATH, University, La.
Secretary GEORGE WISE, Clemson, 8. C.
DAIRY MANUFACTURING SECTION
Chairman L. K. CROWE, Lincoln, Nebraska,
Vice-Chairman C. L. HANKINSON, Milwaukee, Wis.
Secretary N. 8. GoLpiNg, Pullman, Washington
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The American Dairy Science Association was organized to advance the general wel-
fare of the dairy industry, especially by the improvement of dairy instruetion by the
stimulation of scientific research in all phases of the subject and by improvement in
methods of conducting extension work.

Membership. Any person is eligible to membership who is formally announced by
an Agricultural College or Experiment Station, or by the Bureau of Dairy Industry of
the United States Department of Agriculture or by the Canadian Department of Agri-
culture as an instructor, extension worker, investigator, or administrative officer connected
with the dairy industry, or any person filling a position of responsibility connected with
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The dues are $5.00 a year, $3.00 of which is for a year’s subscription to the Journal
of Dairy Science. Correspondence regarding membership and dues should be addressed to
R. B. Stoltz, Ohio State University, Columbus, Ohio.
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HOW TO PREVENT
DIRT AND FAT
FROM SABOTAGING
MILKING  MACHINE
INFLATIONS

. oleam

THE AMAZING NEW DISCOVERY

SAVES RUBBER!

Dirty, fat-soaked rubber wears out quickly . . . .
cannot be replaced without denying our fighting
men things they need. Dirty rubber makes a per-
feet breeding place for milk-spoiling bacteria . . . .
and results in more waste. To preserve rubber
. .. to proteet milk quality . .. inflations and
tubing should be cleaned the casy way with Di-
versey Rub-R-Kleen. This remarkable new product
dissolves quickly in water . . . does not lose its
strength on standing . . . cleans thoroughly. No
need to make up a stock solution. Excellent for
washing out vacuum lines. For further informa-
tion write to The Diversey Corporation, 53 W.
Jackson Blvd., Chicago 4, TIl.

Dairy
Preparations
Cheese Rennet and Color
" Annatto Butter Color
Certified Butter Color

Ice Cream Color

Lactic Ferment Culturel
Bulgarian Culture
—
Odorless Dairy Fly Spray
Testing Solutions
Rennet Tests

CHR. HANSEN'S LABORATORY, INC.

MILWAUKEE, WISCONSIN

Haroctall

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

Your advertisement is being read in every State and in 25 Foreign Countries
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WHAT WILL YOU I
NEED POSTWAR?

We don't know how
soon "postwar” will be.

We do know that it will

bring you new problems.

TomorrOWlS Some of these will have
BLUEPRINTS

to be solved for-and

with-you by your

The lessons R. G. Wrighr engi- equippers and suppliers.
neers and craftsmen have leacned

from the improved techniques of What will you expect
design, and production of imple-

ments of war, are being applied 0/ them that you did
to good advantage in producing

greatly improved R. G. Wright not need prewar? Tell
dairy equipment.

them now--or tell their
international aSSOCla

In fact, we are now again prepared
to discuss any problems regarding
dairy equipment: Our technical
experienceis at your service at all .
times. We'll be glad to answer any tion-
questions you may have.

R. G.Wright T

Company, Inc.
BUFFALO 14, N.Y.

Can Washers+ . BOltle Washers. . Pasteurizers

et aitary P« Cofiyry DAIRY INDUSTRIES
SUPPLY ASSOCIATION

and Other Milk Plant Eguipment.
Albee Building Washington 5 D. C.

Y our advertisement 18 being read in e€"ery State and in 25 Foreign Countries




Positive and
Sanitary Control
of Fluid Dairy and
Food Products

® Here’s the solution to one of the Dairy Industry’s most
troublesome problems, The LAcTrRoN Liquid Level Control
—utilizing the modern principle of electronics—provides a
dependable, sanitary means for measuring and controlling
the volume of any fluid dairy product. Quickly and easily
installed in pasteurizers, storage tanks, receiving tanks,
vacuum pans, cooler troughs, ete.

The LiAcTRoN Liquid Level Control is remarkably efficient
and completely sanitary. It eliminates the need for floats
and other hard to clean moving parts. The only part of the
LAcTroN Control in contact with the liquid produet is a
stainless steel rod electrode. In operation, the unit is
accurate to 1/1000 of an inch—regardless of the speed of
change in the level of the product. Neither pressure, nor
freezing or boiling temperatures affect the action.

Illustration shows a two-level LacTroN Control. By
means of additional electrodes and corresponding electronic
tubes, as many as five levels can be controlled. Special
accessories are available for fully automatic control of
pumps, motors and other moving equipment.

Experience in scores of dairy products plants shows that
LacTroN Control pays for itself in a short time by eliminat-
ing loss from spillover. Write for Bulletin No. H-792.

THE CREAMERY PACKAGE MFG. CO.
1243 W. Washington Blvd., Chicago 7, Illinois

hods Atlant n
: A - B

Br t — Buffalo — Chicago —
Dallas — Denver — Kansas City — Los Angeles —

Minneapolis — New York — Omaha — Philadelphia —
Portland, Oregon — Salt Lake City — San Francisco —
CreameryPackage Seattle — Toledo — Waterloo, Towa
Fort Atkinson CREAMERY PACKAGE MFG. CO. OF CANADA, LTD.
Plant 267 King 8t., West, Toronto 2, Ont., Canada

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



Culture Media for Examination of
MILK and DAIRY PRODUCTS

for Plate Counts

Bacto-Tryptone Glucose Extract Agar is recommended for routine plate counts of
bacteria in milk. This medium conforms to all requirements of ‘‘Standard
Methods for the Examination of Dairy Produets’’ of the American Public
Health Association, except that it does not contain skim milk.

Bacto-Proteose Tryptone Agar is recommended for determinations of the total
bacterial plate count of certified milk. This medium is prepared according
to the specifications of ‘‘Methods and Standards for Certified Milk’’ of
the American Association of Medical Milk Commissions.

for Detection of Coliform Bacteria

Bacto-Violet Red Bile Agar is widely used for direct plate counts of ecoliform
bacteria. Upon plates of this medium aceurate counts of these organisms
are readily obtained.

Bacto-Brilliant Green Bile 29, and

Bacto-Formate Ricinoleate Broth are very useful liquid media for detection of
coliform bacteria in milk. Use of these media is approved in ‘‘Standard
Methods.”? ;

for Detection of Molds

Bacto-Potato Dextrose Agar is an excellent medium for detection and enumeration
of molds and yeasts in butter and other dairy products. The formula
of this medium corresponds exactly with that specified in ‘‘Standard
Methods.”’

Bacto-Malt Agar is also widely used for determinations of the mold and.yeast
count of dairy products and for control of the sanitary conditions of
manufacture.

- for Cultivation of Lactobacilli

Bacto-Tomato Juice Agar and

Bacto-Trypsin Digest Agar support luxuriant and characteristic growth of
Lactobacillus acidophilus, and are well adapted for use in establishing
the number of viable organisms in acidophilus products. These media
are also widely used for estimation of the degree of implantation by L.
acidophilus.

Specify “DIFCO”

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

Dirco LABORATORIES

Y 8 INCORPORATED
DETROIT, MICHIGAN

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