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REPORT OF THE DIRECTOR.

The general work of the Massachusetts Agricultural Experi-

ment Station during the past year has followed the usual lines,

hut there has heen a considerable increase in the amount of

work in all the various departments of its activities. There

has heen no increase in the number on the station staff, hut

notwithstanding this fact there has been a considerable increase

in the amount of purely experimental and research work as

well as in the amount of work done in connection with the

fertilizer, feed and dairy laws and in meeting the requests

of our public for analytical work and for advice and infor-

mation. This increase has been made possible chiefly through

better organization in the chemical department.

Changes in Staff.

The station has been fortunate in retaining the services of

all heads of departments. The official connection of Prof. E.

A. White, B.Sc, with the station as floriculturist terminated

September 1. At the same time Prof. F. C. Sears, M.Sc,

became pomologist to the station. This change seemed desira-

ble in view of the fact that while the floricultural interests of

the State are important, those of fruit culture M^ould seem to

be yet more important. Professor White's connection with the

college, however, remains unchanged, and he can accordingly

still be consulted on such special problems connected with flori-

culture as are brought before us.

The following changes affecting subordinate positions have

been made during the year :
—

James C. Reed, B.Sc, and P. V. Goldsmith, B.Sc, have

been engaged as assistants in the department of chemistry,

in place of E. T. Ladd, M.Sc, and Walter E. Dickinson, B.Sc,

resigned during the latter part of last year.
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J. K. Shaw, B.Sc, has been engaged as assistant in the

department of horticulture, in place of C. S. Pomeroj, B.Sc,

who resigned to acce]3t a more responsible and lucrative posi-

tion.

F. A. Johnson, B.Sc, has been engaged as assistant in ento-

mological work on cranberry insects, in place of H. J. Frank-

lin, Ph.D., who resigned to accept a more important ftosition

in another institution.

Buildings.

During the past year the shed referred to in my last annual

report for use in connection with the asparagus work at the

substation in Concord has been comj^leted, at a total cost of

$208.

The hothouse designed for use in connection with the work

of the department of vegetable physiology and pathology has

been completed. This building is 70 by 28 feet in size. This

was not put up under contract, but under college management

by direct purchase of materials and emi^loyment of workmen.

The building has been paid for by the use of funds appro-

priated by the Legislature for the erection and equipment of

Clark Hall. The cost of the hothouse and of the passages

connecting it with the main building has been about $3,000.

This hothouse has been but recently completed. It will make

it possible for the department of vegetable physiology and

pathology once more to take up numerous lines of investiga-

tion which it has not been possible to prosecute during the

past year, and which were necessarily discontinued at the time

of the removal from the old quarters of the department to the

new, a little more than a year ago.

Much-needed additional room in the chemical laboratory for

control and research work has been obtained by removing from

the feed and research laboratories the machinery and fixtures

used in grinding and preparing substances for analysis, for

testing Babcock glassware and for making the Babcock test.

This machinery and apparatus have been set up in a basement

room fitted for the purpose, and all these lines of work are

now carried on under conditions far more satisfactory than

formerly. The cost of the needed changes has been met from

current station funds.
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During the past year the building formerly used for office

and laboratory purposes by the department of vegetable physi-

ology and pathology has been put into thorough repair and

refitted for use by the department of agriculture, for admin-

istrative headquarters and offices. The most important change

consists in the provision of fireproof rooms for storage of

records, papers and the more valuable files of station and gov-

ernment publications. One-quarter of the building has been

rebuilt, with the excej^tion of the exterior walls, which were

originally of brick, on the lines of the usual vault construction.

This part of the building contains three rooms, each about 11

by 12 feet in size, two of them provided with wire-glass win-

dows and steel shelving, and all with heavy vault doors. In

addition to this change the basement floor has been concreted

and the ceiling plastered, new floors have been laid throughout

the building; new windows have been provided in place of the

old on the entire second floor, the walls throughout the build-

ing have been refinished, and a number of minor changes and

improvements have been made. The cost of these improve-

ments, as well as of some much-needed repairs and improve-

ments in the chemical laboratory, has been met by the State

appropriation of $4,000, made by the last Legislature.

Station Activities.

There will be general agi'eement that the objects primarily

in view in the establishment of experiment stations were: (1)

to provide for the carrying out of experiments whose results

should make possible definite and decisive answers to as many
as possible of the unsettled questions affecting agricultural

practice; (2) to provide an agency which by true research

should endeavor to broaden the bounds of human knowledge,

especially in the field of the sciences, and particularly in their

relations with and application to agriculture; (3) to dissem-

inate useful information having a bearing upon agriculture and

the welfare of the people, and especially the people of the rural

districts; (4) in addition, this station has been charged with

the execution of several control laws. Those at present in

force relate to the trade in fertilizers, feed stuffs and the

apparatus used in making the Babcock test; and provide,
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moreover, for the inspection of the machinery used in making

this test in creameries and the examination of those desiring

to qualify for carrying it out.

To discover and demonstrate the value of new and better

methods in agriculture as an art ; to test and introduce new and

better varieties or species of j)lants and animals; to improve

plants and animals by selection and breeding; to broaden our

knowledge of the influences of air, water, electricity, light,

heat and cold on j^lants and animals in health and disease; to

add to our knowledge of the chemistry and physics of soils,

manures and fertilizers; to increase our knowledge of foods

and their functions in the animal and human economy; to

make us better acquainted with the life histories of fungi and

insects in their manifold relations to plants and animals and

to man; these are a few among the many things coming under

the first two classes which the agricultural experiment stations

are striving to do. They are not, however, in most cases, the

things which they are most frequently asked to do, although

there can be no doubt that the interests of the great agricultural

public are most advanced by new discoveries in these and simi-

lar fields.

There is no room to doubt the salutary effect of our control

laws. They are recognized to be both important and useful

by dealers as well as by consumers, and in carrying out the

necessary inspection and looking after the strict execution of

these laws the stations are rendering important service. The

cost of the execution of the fertilizer law is covered by license

fees paid by the manufacturers and dealers, while the execu-

tion of the feed and dairy laws is provided for by special State

appropriation for that purpose. In a certain sense the execu-

tion of these laws may be regarded as outside of the special

lines of work for which the experiment stations were founded.

There is doubtless danger, moreover, that such work will be

allowed to interfere with the more appropriate work of the

station. In the early days of experiment stations it was un-

doubtedly an advantage that the stations should be charged

with the execution of these laws. This arrangement served to

bring the station and the farmers into closer touch, and, more-

over, the station laboratories were equipped with the apparatus
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and the men necessary for carrying on the work, which at that

time was not true of any other existing State institution. These

reasons do not now have equal force, but as the station has been

so developed both on the side of material and personal equip-

ment as to provide for this work, it would seem best that these

laws, at least for the present, be executed by the station. It

would seem best, indeed, that the station be charged also with

the execution of such additional control laws as shall in the

future become desirable. Already we may anticipate the wis-

dom or necessity of laws to control the trade in seeds, in

insecticides and fungicides, and perhaps in still other direc-

tions. Laws to control the trade in insecticides and fungicides

are already much needed. National and State authorities and

the manufacturers have for some time been studying this sub-

ject. It is hoped that in the near future a law which seems

likely to prove mutually satisfactory will be agreed upon, and

it seems wise, therefore, to defer State action until such a

law can be framed, or until it becomes apparent that the neces-

sary understanding cannot be reached. Uniformity in the

laws affecting the trade in these materials throughout the Union

is greatly to be desired, on account of the fact that it is not

confined within State lines. Most of the manufacturers un-

doubtedly do an interstate business.

It is service coming under the third of the three classes

which I have enumerated which appears at jiresent to be most

appreciated, and which is most in demand. Under this class

must be placed such diverse activities as the publication of

reports, bulletins and circulars, answering letters of inquiry,

preparation of articles for the press, practical demonstrations

and object lessons, exhibitions at fairs, and lectures by members

of the station staff. Under this class must be placed, also, the

various requests for information which can be given only after

analyses or other special laboratory examinations or tests. The

amount of time consumed in meeting the demands of the public

for work of this description is very great, and so rapidly does

the demand for service along these lines increase, that there is

undoubtedly great danger that the time available for experi-

ment and research may be seriously curtailed. The following

summary will give a general idea of the amount of work in-
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volved in meeting ttis demand, and in the execution of the

control laws which have been referred to :
—

the staff,

SUMMAKY OF STATIOiST WoRK NOT ExPPJRIMENTAL.

Dissemination of information and work for individuals

Publications of the year 1908 :
—

Reports, ....
Bulletins, ....
Cii"culai-s, ....

Answers to letters of inquiry,

Lectures and demonstrations by members of

Exhibits at fairs,....
Miscellaneous analyses :

—
Water,

Milk,

Cream,

Feed stuffs, ....
Fertilizers and fertilizer materials.

Soils, .....
Miscellaneous substances.

Tests of cows :
—

Yearly, .....
Seven day, ....
Fourteen day,

Thirty daj'', ....
Forty-four day, . .

Miscellaneous :
—

Tests of seeds for germination.

Tests of seeds for purity,

Separation of seed.

Control work :
—

Fertilizers, samjilos analyzed,

Feeds, samples analyzed,

Babcock apparatus, i^ieces tested,

Candidates examined, .

1

8

8

8,000

67

2

143

625

2,899

122

169

33

26

76

68

5

10

6

196

12

160

624

895

2,713

23

This statement makes it ajiparcnt that these lines of work,

many of which are undertaken on the request of individuals,

and which are of such a nature that the results are of value

chieily or exclusively to the particular individual concerned

and of little or no interest to the public, must make very heavy

inroads both upon station funds and upon the time of members

of the station staff. The members of our staff are unfailingly
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glad to help individuals to the utmost of their ability in so

far as is consistent with their obligations to render service

which is of wider interest and importance. Individuals should

remember that the station is supported by public funds, in

the interest of the public. The public funds are a public trust,

and station men must first of all and chiefly work in the public

interest.

That the bearing of this general principle may be made more

apparent, and in the hope that individuals may be led thereby

to exercise a wiser discretion in the demands they make upon

the station, a brief consideration of the usefulness and limita-

tions of some of these lines of work as well as of the extent to

which they can be undertaken will be presented.
c

Publicatiojsts.

Our publications are chiefly of three kinds,— annual re-

ports, bulletins and circulars. These are designed primarily

to present the results of investigations carried on in the various

departments of the station, and to convey practical advice based

upon these results or upon the results of others. The bulletins

are sent without charge, so long as the supply lasts, to all citi-

zens of the State whose names are on our mailing list, or who

may apply for them. They are also sent to all libraries in the

State which will care for them, to the newspapers, to members

of agricultural college and station staffs, and to many persons

all over the world who apply for them.

This year, for the first time, the annual report is to be pub-

lished in two parts,— popular and general. This change has

been made in order that those portions of the report which

are believed to be of widest popular interest may be given a

more general circulation. The number of annual reports here-

tofore available for distribution from the station has been

6,000, and it has not been possible to send it to all those on

our mailing list. Hereafter we are to have 16,000 copies of

the popular portion, and this will be sent to all on our general

State list. We are to have 4,000 copies of the general report,

and this will be sent to libraries, workers in other experiment

stations and, so far as possible, to such as apply for it. Fifteen

thousand copies of this part of our report will be bound with
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the report of the secretary of the State Board of Agriculture,

and distributed in that form from the office of the Board.

The circulars, which briefly treat subjects of wide interest,

as made evident by correspondence, are used chiefly in answers

to letters of inquiry.

Publications during 1908.

Annual report :
—

Contains report of the director, treasurer and heads of departments,

with papers on a number of miscellaneous subjects. 172

pages.

Bulletins :
—

No. 119. Inspection of Commercial Fertilizers, H. D. Haskins, E. T.

Ladd and W. E. Dickinson. 64 pages.

No. 120. Inspection of Commercial Feed Stuffs, P. H. Smith and

L. S. Walker. 48 pages.

No. 121. Seed Separation and Germination, G. E. Stone. 16 pages.

No. 122. Poultry Keeping for Egg Production, Wm. P. Bi'ooks. 64

pages.

No. 123. Fungicides and Insecticides and Spraying Directions, G. E.

Stone and H. T. Feniald. 32 pages.

No. 124. Bee Diseases in Massachusetts, Burton N. Gates. 12 pages.

No. 125. Shade Trees, E. A. Start, G. E. Stone and H. T. Fernald.

64 pages.

No, 126. How to fight Cranberry Insects, H. J. Franklin. 12 pages. .

No. 127. Inspection of Commercial Fertilizers for Season of 1908, H.

D. Haskins, L. S. Walker and J. C. Reed. 68 pages.

Circulars :

—

The Unprofitable Cow and how to detect Her. 4 pages.

Laws regulating the Sale of Commercial Fertilizers in Massa-

chusetts, J. B. Lindsey. 4 pages.

Fertilizers for Potatoes, Wm. P. Brooks. 4 pages.

The Cost of testing Pure-bred Cows, J. B. Lindsey. 2 pages.

Seeding Mowings, Wm. P. Brooks. 8 pages.

An Act to regulate the Sale of Concentrated Commercial

Feed Stuffs, J. B. Lindsey. 4 pages.

No. 18. Alfalfa as a Crop in Massachusetts, Wm. P. Brooks. 4

pages.

No. 19. The White Fly, C. E. Hood. 2 pages.

Pfbltcattoxs available fok Feee Distribution.

Bulletins:—
No. 33. Glossary of Fodder Terms.

No. 41. On the Use of Tuberculin (translated from Dr. Bang).

No. 64. Analyses of Concentrated Feed Stuf¥s.

No.



No.
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Extent and N^ature op Demand for Publications.

The demand for station publications has greatly increased.

Our editions of bulletins treating subjects of general interest

now reach 25,000. Our annual exjienditure for publications

and distribution of bulletins and circulars now amounts to

rather more than $3,000.

Almost every mail brings requests for bulletins of informa-

tion. These requests cover the whole field of agriculture. Cor-

respondents within the last few days, for example, have called

for " your pamphlet," " manual," " work " or " bulletin " on

asparagus, orchard management, jjotato growing, duck raising,

strawberry culture, small fruit growing, management of hot-

house crops, etc. Whatever the line of work, the public looks

to the station for literature exhaustively treating the subject.

It is manifestly impossible to meet any considerable proportion

of such requests under present conditions. We have published

no comprehensive manuals for the different farm and garden

specialties. It may be questioned whether the publication of

such manuals would be the wisest use either of station talent

or funds. It is freely granted that such manuals, carefully

prepared, would be useful, they would meet a want; but is it

not reasonable to leave something for private enterprise ?

Should not the members of the farming public, as well as other

citizens, satisfy their requirements in this direction by pur-

chase? May we not safely depend upon the agricultural

publishers to furnish works of this character ? However these

questions may be answered, it is certain that under existing

conditions the station cannot engage in the preparation, publi-

cation and gratuitous distribution of any considerable number

of manuals on our various siDecialties.

Letters of Inquiry.

Thousands of letters of inquiry are received at the station

annually. Every head of department has repeatedly called

attention to the increase in the numbers of such letters and

the heavy demands upon the time and energy which answering

such letters entails, involving as the preparation of answers in

many cases does a considerable amount of investigation. The
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fact that our public more and more looks to the station to

settle doubtful points and to give desired information and help

is gratifying; and until satisfactory, special provision can be

otherwise made for work of this kind, the members of the sta-

tion staif will gladly meet the demand to the best of their

ability. The circulars which have been elsewhere referred to

are proving of great assistance in meeting requests for infor-

mation and advice.

In conclusion on this toj^ic I would like to enij)liasize these

points :
—

1. This work, from its very nature, is primarily for the

benefit of individuals and often of no general interest. Indi-

viduals therefore should refrain from sending inquiries which

can as well be answered by reference to standard works or to

other channels of information.

2. It is impossible for station officials in most cases to give

business advice. They cannot know, for instance, whether A
can make the hen business profitable in the town of X ; nor

whether B will succeed in producing cranberries at a profit in

the marshes of the county of W.
3. Letters of inquiry should refer to specific problems. It

is clearly not within the bounds of possibility to discuss general

problems with results satisfactory either to the writer or to the

receiver within the limits of a letter. A common type of let-

ter received runs somewhat as follows :
—

Dear Sir : — I have recently inherited [or purchased] a farm sit-

uated in the town of . This farm was formerly productive, but

has been neglected and the soil is much exhausted. Will you not

kindly tell me how it may be so handled as to restore it to fertility and

at the same time return a profit to the owner?

The discussion of the problems thus presented would involve

the whole field of agricultural science and practice. The prob-

lems are important and the need of the individual is great. It

cannot, however, be met through the channels of ordinary cor-

respondence. The most we can do is to refer to sources of in-

formation, or to advise either a short winter course or a corre-

spondence course in agriculture.
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Miscellaneous Analyses.

The summary presented shows that a large number of mis-

cellaneous analyses have been made during the past year. Had
the individuals and associations sending in these materials paid

for the analyses at current commercial rates, the cost to them

must have amounted to between $5,000 and $6,000. It is not

the policy of the station to invite commercial work, and we do

not accept it except in cases where it appears to be almost a

necessity that the station make the desired analyses. Such

analyses are made without charge for individuals in all cases

where the results are likely to be of some public interest. In-

deed, we do not limit our free work strictly in accordance with

this rule, as we believe it to be good general policy to encourage

the spirit of study and inquiry which the desire for such

analyses Usually indicates.

A few words in explanation as to the attitude of the station

as regards the analysis of different classes of materials for the

public seem called for.

Water Analyses. — The station makes a uniform charge of

$3 for a sanitary analysis of drinking water. This is much
below the usual charge for such work, which varies widely, but

will probably average at least $10. The results of water

analysis are of interest and value, as a rule, only to the indi-

vidual sending in the sample. So long as these analyses were

made without charge the number of samples sent in was so

large that the work of making the analyses became a great

burden and seriously interfered with other work. It is not

believed that the charge now made is sufficiently high to deter

parties from sending samples for analysis in cases of necessity.

The charge does, however, act as a check upon the indiscriminate

forwarding of samples, and this was the result aimed at.

Analyses of Milk and Cream. — Under existing laws in this

State the station determines fat or fat and solids in samples

of milk and cream at cost for creameries. Farmers' occasional

samples are analyzed without charge.

Analyses of Feeds and Fertilizers. — The total number of

samples of feeds, fertilizers and fertilizer materials analyzed

during the year has been consirlorablo, and this work is beeom-
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iiig something of a burden. Individuals should consult the

station publications, in which analyses of identical materials

will often be found, before sending in samples or wi'iting for

analyses. The inspection service of the station is now so

thoroughly organized that there are relatively few materials

coming under these classes which have any considerable im-

portance that are not officially collected and analyzed. In all

cases, however, where individuals desire to purchase either feeds

or fertilizers on a guaranty of composition to be determined by

station analysis, the station holds itself in readiness to make

such analyses as are needed, and will undertake to do this work

and to report results with all possible promptness in all cases

where the quantity involved is large enough to make the work

worth while. Such analyses will be made without charge, if

parties desiring them conform with the instructions sent.

Analyses of Soils. — During the past year there has been a

very great increase in the number of requests for chemical

analyses of samples of soils. It is evident that there exists a

widespread misapprehension as to the value of such analyses.

It appears to be believed that it is necessary only to make a

chemical analysis in order to determine what fertilizers will be

required. The following letter, received within a few days,

fairly represents the attitude of most correspondents relative

to this work :
—

Gentlemen : — I write for information for Mr. , the owner of

a. large farm in , Mass. He wishes to know if he can send you

samples of soil for analysis; most likely would send 8 or 10 samples

from different parts of his farm. In what form and in what quantity

should he send, and what would be the expense for analysis of each

package sent? He would also like to know what crop would produce

the best results for each sample sent, and the best fertilizer for each

sample and the quantity required, and would be pleased to pay for any

catalogue or information in circidar form you can furnish him on

scientific farming. . . .

The views which we hold relative to the possible value of

such work, and the attitude of the station in relation to it,

will perhaps be made clear by the following quotation from a

circular on the subject:—
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The results of eliemieal analysis of soils do not, as a rule, afford a

satisfactory basis for determining manurial requirements. The chem-

ist, it is true, can determine what the soil contains, but no ordinary

analysis detennines with exactness what proportion of the several ele-

ments present is in available form for the crop. Indeed, there is no

such thing as a constant ratio of availability. While one crop may find

in a given soil all the plant food it requires, another may find a shortage

of one or more elements. Further, on the very same field one croja will

find an insufficient amount of potash, another may find enough potash

for noiTaal growth but insufficient phosphoric acid, and a third may

suffer from an insufficient supply of nitrogen.

Most of our soils are of mixed rock origin, and as a rule possess

similar general chemical characteristics, provided they have been

farmed under usual conditions. The manurial and fertilizer require-

ments are detennined more largely in most instances by the crop than

by peculiarities in the chemical condition of the soil. The chemical

analysis of soils, then, does not, as a rule, afford results which have a

value commensurate with the cost, and as a rule this station will not

make such analyses unless the soil differs widely from the nonnal in

natiu-al characteristics, or has been subjected to unusual treatment of

such a nature as to probably greatly influence its chemical condition.

In some cases the corresj^ondent reports that his crop is diseased and

that he desires a chemical analysis in order to ascertain what is the

cause. The chemical composition of the soil may in some instances exer-

cise a controlling influence in determining a condition of health or

disease, and is never unimportant from the standpoint of vigorous,

normal and healthy growth ; but in the case of most diseases the imme-

diately active cause is the presence of a parasitic fungus, and this

fungus is usually capable of fixing itself upon the plant whatever may

be the composition of the soil. A knowledge of the chemical composi-

tion of soils, therefore, will not make it possible to advise such manurial

or fertilizer treatment as will insure immunity from disease.

It will be noted that the corresponrlent quoted evidently be-

lieves that the chemical composition of the soil will determine

its suitability for different crops. The chemical composition

may not be without importance in determining what the soil

is fitted to produce, but the physical characteristics of the soil

and subsoil, as affecting drainage, the capacity to hold water, the

capacity to conduct water from below upwards, texture and

aeration, are of much greater importance in determining what

crops the soil is fitted to produce. It will be noted that the

correspondent expresses a willingiiess to pay the cost of analysis.

Very many express themselves to that effect. The fact that
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this is the case does not, however, and should not change our

attitude relative to such work. We believe that the results

would not have the value which correspondents suppose they

would have, and it therefore seems best to decline to make

such analyses except in cases where conditions widely ditTerent

from those which usually prevail seem to render it probable

that the results will possess unusual value.

Analyses of Miscellaneous Substances. — A wide variety of

materials coming under this class is offered for analysis each

year. Materials of such a character as render analysis likely

to prove of especial interest or value in our agriculture will be

analyzed without charge, but it should be here stated that the

station cannot undertake the analysis of ores and minerals.

Testing Cows.

The conditions under which pure-bred cows are tested are set

forth fully in the- report of the head of the department of

chemistry. The director desires to call attention here simply

to the fact that since such tests involve a large amount of detail

work, and since they appear to be conducted primarily for the

private interest of the individuals owning the cows, it is re-

garded as only proper that the station should be fully reim-

bursed for the cost of doing the work. It has been found

necessary during the past year to make a small increase in the

amount charged.

Seed Work.

Tests of seeds for germination and for purity, when asked

for by farmers or gardeners, are made without charge. The

number of requests for seed testing is increasing quite rapidly.

In a number of instances seedsmen call upon us for similar

work, preferring to have it done by the station rather than to

undertake it themselves. Since it is highly desirable that

seedsmen should be encouraged by all possible means to offer

only seeds whose quality is well known, the station will for the

present undertake such work, which will be charged at cost.

Samples of seeds from farmers or gardeners bronght in for

separation are subjected to treatment without charge. Should
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seedsmen call upon us for work of that character, our policy

would be the same as in reference to tests for germination and

purity.

Mailing Lists.

The persons on our general lists and receiving our publica-

tions regularly may be classified as follows :
—

Residents of Massaeliusetts, . . . . . . 14,705

Residents of other States, ...... 2,045

Residents of otliei- countries, 174

16,924

During the year we have made up as full a list of bee keepers

in the State as possible. Most of the addresses had been col-

lected by Burton N. Gates, apiculturist, United States Depart-

ment of Agriculture, and this list was very kindly jilaced at

our disposal. We have made several additions as a result of

correspondence and the list is now probably fairly complete.

We have made a special effort during the past year to secure

the co-operation of the libraries of the State in preserving files

of our publications, in order that they may be accessible for

consultation in all parts of the State. Circular letters were

sent to all libraries, offering to make up as complete a set of

station publications for each as could be got together, calling-

attention to the fact that such sets must in the future be valuable

for consultation, and offering to place the libraries upon our

mailing list. We received many favorable replies, but in a

number of instances the libraries stated that they felt obliged

to decline to undertake the completion and preservation of a

file of station publications on account of lack of suitable ac-

commodations for preserving them. As a result of our cor-

respondence, however, we added 175 libraries to our mailing

list, and we made up and sent out to libraries a large number of

sets of publications which were made as nearly complete as

our stock of the different issues would allow.

The following special mailing lists are now in use :
—

Cranberry growers, 1,507

Bee keepers, 2,510

Meteorological, 263

Libraries, 333



1909.] PUBLIC DOCUMENT— No. 31. 27

The total net addition to all lists during the past year has

.been 3,175.

Asparagus Substation, Concord.

It will be remembered that the substation work with aspara-

gus in Concord is located on land leased of Mr. Charles W.
Prescott. This work was begam in the spring of 1906. The

leading lines of investigation are two: (1) breeding experi-

ments, with a view esj^ecially to the production of a desirable

type of asparagus with greater capacity to resist rust; (2) fer-

tilizer experiments.

During the past year a new line of work has been begun in

a small way, i.e., experiments to determine the effects of the

cultivation of asparagus under tent shade, after the manner

which has been successfully followed in the production of cer-

tain grades of tobacco. This station enjoys the co-operation of

the Bureau of Plant Industry of the United States Department

of Agriculture in the breeding and tent experiments.

Breeding Experiments. — During the past year the number

of varieties and selections of varieties of asparagus brought

together has been still further largely increased. The total

number of such varieties and selections now growing in the

experimental plots is 105. Most of these selections have made

an excellent gro\\i:h. They exhibit, as might be expected, wide

differences in habit and vigor of growth as well as in capacity

to resist the attacks of rust. Mr. J. B. Norton, an expert of

the Bureau of Plant Industry, was stationed in Concord during

the latter part of the summer. He was engaged in making

close observations and study of the different types, and in

selecting such as seemed to possess characteristics likely to

render them valuable for the purposes in view. Mr. Norton

will devote most if not all of his time to work in Concord next

season, and the actual work of hybridizing will then begin.

Fertilizer Experiments. — The plants in the fertilizer plots

have continued to make excellent growth. Those in the dif-

ferent plots now exhibit considerable variation, due, no doubt,

to the varying fertilizer treatment. The past season is the

second season since the plants were set, and so vigorous has

been their growth that commercial cutting was begun in a

small way last spring. It is not deemed best to present results
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at this time, for the amount cut was no doubt affected in con-

siderable measure by the violent spring winds, which affecte(i

some plots much more seriously than others. In order to

j)revent injury from winds in the future a wind break, made

by tacking cheese cloth to substantial posts standing about 8

feet above ground, has been put up. It is necessary, of course,

to keep the cloth in position only during that period in the

growth of the plants when they are j^eculiarly liable to injury

(when the shoots are first starting).

Tent Shade Experiment. — This experiment was commenced

after the cutting season was begun. The purposes in view are

to note the effect of the tent ujDon

(a) The amount of rust.

{h) Time and rate of yield of commercial asparagus.

(c) The quality of the asparagus.

As the tent was in place only a portion of the cutting season

the results will not be reported in detail. It may be remarked

only in passing that tests of asparagus grown in the tent in

comparison with the product of another portion of the same

bed not shaded, which were carried out independently by a

number of different parties, led to the conclusion that the tent

asparagus was more tender and of better quality.

Crak^bekry Substations. *

It will be remembered that the work with cranberries is

along two lines and in two locations: (1) work with cranberry

insects in Wareham; (2) fertilizer experiments in Waquoit.

The work with insects has not made the progress hoped for dur-

ing the past year. There are two jDrincipal causes: (1) it has

been found impossible to acquire control of a cranberry bog

suitable for the practical experiments in view on terms which

the station can accept; (2) the resigiiation of Mr. Franklin,

and the necessity of starting some one on the work in his place,

has inevitably meant delay. There was practically no fruit on

any of the fertilizer plots this year.

Substation for Orchard Experiments.

The work in the substation for orchard experiments, on the

farm of Myron C. Graves in South Amherst, has been well

begini. Six acres have been laid off in eight plots, containing
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substaiitiallj the same number of trees in each. Each plot

has received different fertilizer treatment. The entire area

is subdivided in the opposite direction into four sections for

different cover-crop treatment. The orchard which had been in

grass for a number of years was plowed in early spring and

given sufficiently frequent tillage throughout the summer to keep

down weeds. The trees have made excellent growth during the

season, but a few of them have been recently somewhat damaged

by the browsing of deer. It is not believed, however, that the

damage from this cause is serious except to a limited number

of young trees, which had been set to replace a few of those

originally planted.

WM. P. BROOKS,
Director.
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REPORT OF THE TREASURER.

ANNUAL REPORT

Of Fred C. Kenney, Treasurer of the Massachusetts Agricul-

tural Experiment Station op the Massachusetts Agricul-

tural College,

For the Year ending June 30, 1908.

The United States Apj^ropriations, 1907-08.
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State Appropriation, 1907-08.

Cash balance brought forward from last fiscal

year, ....
Cash received from State Treasurer,

from fertilizer fees,

from farm products, .

from miscellaneous sources,

$11,533 31
13,500 00
5,165 00
2,732 07
5,762 26

Cash paid for salaries, ....
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REPORT OF THE AGRICULTURIST.

DEPARTMENT OF AGRICULTURE.

WM. P. BROOKS, agriculturist; E. S. FULTON, E. F. GASKILL, ASSISTANTS.

The work of the department of agriculture during the past

year has followed the usual lines. These it will be remembered

have for their principal object throwing light upon what appear

to be some of the more important problems connected with

the selection and method of use and application of manures and

fertilizers. Much attention has been, paid also to experiments

designed to show the relative efficiency as sources of nitrogen

and phosphoric acid of different materials which may be pur-

chased by the farmer as sources of these elements.

The number of plots used in connection with our field work

during the past year was 313. The work in the vegetation

house involved the use of 384 pots. The crops used in the

crop experiments in the vegetation house were Japanese millet,

dwarf Essex rape, the soy bean, tobacco and tomato. The

experiments with the two latter crops were carried out in the

hope of throwing light on the causes of diseases or i^hysiological

troubles affecting these crops. The results are not yet conclu-

sive. In addition to the work in the field -plots and in the

vegetation house we have carried on experiments in 136 closed

plots. These have been for the most part used in fertilizer

experiments. The results serve as a valuable check on field

Avork.

The number of letters of inquiry answered in the department

during the past year has been greater than ever before. The

total is rather over 1,200, as against 824 for the year 1907.

The pressure for space from the other departments in the

experiment station is so great that no attempt will be made
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to present detailed reports of the different experiments in the

department of agriculture. As soon as opportunity and means

permit;, the different lines of investigation will be taken up

one by one and reported in full. Some of the more important

results of the experiments which have been carried on during

the past year may be briefly stated as follows :
—

I. The experiment on Field A, which has for its object to

determine the relative value, as sources of nitrogen, of barnyard

manure, nitrate of soda, sulfate of ammonia and dried blood,

has been continued. This experiment was begun in 1890. The

crop of this year was alsike clover, which, however, was con-

siderably mixed with grass that came into the different plots.

The nitrogen fertilizer giving the highest yield this year was

dried blood, closely followed by nitrate of soda. Representing

the yield of the latter by 100, the relative standing of the dif-

ferent materials used as sources of nitrogen, as compared with

the plots receiving no nitrogen, as indicated by the total yields,

were as follows :
—
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II. On the field where different potash salts have been under

comparison for so many years the crops this year have been

sweet corn and early cabbages. The former on two series of

plots, the latter on three. Last year the entire field was in

potatoes, and the results showed a marked dependence of the

potato crop on this soil on a liberal supply of potash, the average

yield of the plots to which potash was applied exceeding that

on the no-potash plots by 36.96 per cent. During the past

year the fields both of sweet corn and cabbages have been re-

markably even, and the most striking result of the experiment

is that the vield both in the case of sweet corn and cabbages is

about the same on the plots to which no potash has been applied

for eleven years as on any of the potash plots. The diiference

in favor of the potash plots has been for the corn 2.7 per cent;

for the cabbages the no-potash plots average 6.33 per cent better

than those receiving potash. The yield of the corn on the no-

potash plots was at the rate of 48.57 bushels per acre. The

yield of the early cabbages on the no-potash jDlots was 48,213

pounds per acre.

III. The corn crop on the field where special corn fertilizer

is under comparison with a mixture richer in potash was un-

usually good on both fertilizer combinations. On the special

corn fertilizer it was at the rate of 94 bushels of sound corn

and 7,760 pounds of stover per acre. On the fertilizer richer

in potash it was at the rate of 90.23 bushels of sound corn and

9,224 pounds of stover per acre. This experiment has now been

continued for eighteen years. Incidentally it furnishes a very

conclusive answer to the question as to whether corn can be

profitably raised on fertilizers. The cost of fertilizers applied

to this field, where corn and mixed grass and clover hay have

alternated, each being grown for two successive years, has varied

in different years from about $12 to $16 per acre. There has

not been a single unprofitable crop, and the crop of the last

season is the heaviest so far secured.

IV. The crop of corn produced on the south corn acre,

where manure alone is under comparison with a small quantity

of manure and a potash salt, was also exceptionally heavy. On
the manure alone (6 cords) the rate per acre amounted to 90.43

bushels of hard grain and 8,800 pounds of stover per acre. On
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the manure aud potash (4 cords of the former and 160 pounds

per acre of high-grade sulfate of potash) it was at the rate of

86.72 bushels of hard corn and 8,280 pounds of stover per acre.

This exj)eriraent has now continued for nineteen years, corn

and grass alternating during most of the time in periods of two

successive years each. The manure alone gives slightly larger

crops, but at a cost disproi^ortionally gTeater than that of the

product on the combination of manure and potash.

V. The field used in experiments comjDaring different phos-

phates was planted to late cabbages during the past season. The

crop was a poor one on account of the prolonged drought. The

experimental result, however, was satisfactory, as it illustrated

as strikingly as in any previous year the marked dependence of

the cabbage upon a liberal supply of highly available phosphoric

acid. The average product of the three no-potash plots was at

the rate of only 2,573 pounds per acre, all heads, both hard

and soft, being included. The best results were obtained on

plots to which raw bone, dissolved bone black and basic slag

meal were applied, these being respectively at the following rates

per acre :
—

Pounds.

Raw bone, 20,240

Dissolved bone black, . . . . . .
'

. 20,018

Basic slag meal, ........ 19,120

During the past year, therefore, we have on the best plots a

yield of cabbages eight times greater than was produced on the

no-phosphate plots. In 1908 these same no-phosphate plots gave

a yield of hay at the rate of about 4 tons to the acre, as com-

pared with a yield only 1,200 to 1,300 pounds per acre greater

on the jDlots to which the most soluble phosphates were applied.

These facts illustrate in a striking manner the remarkable dif-

ference in the degree of dependence of the two crops (mixed

grass and clover hay, and cabbages) upon the phosphoric acid

content of the soil.

VI. The experiment on the nine-acre field in top-dressing

grass land with manure, fine ground bone and muriate of potash,

and wood ashes has been continued. The product this year of

the different materials was at the following rates per acre :
—
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Pounds.

Manure, 5,005

Bone and j^otash, 5,345

Wood ashes, 4,624

The average yield for the entire area during the past season

was at the rate of 4,977 pounds per acre. The average for the

entire period, 1893 to 1908 inclusive, has been 6,220 pounds.

The yields this year were considerably lower than usual, es-

pecially those of rowen, and undoubtedly on account of the

marked deficiency in rainfall.

VII. In the exi:>eriment comparing winter with spring ap-

plication of manure the crop this year has been mixed grass and

clover hay. The field was cut twice, and the averages for the

Idiots representing the two systems of application have been as

follows i^er acre :
—

Winter Application.

Pounds.

Hay, 6,209

Rowen, 1,227

Spring Application.
Pounds

Hay, 6,804

,
Rowen, 1,409

Spring application has given substantially 10 per cent, more

hay and about 14^ per cent, more rowen than winter applica-

tion.

VIII. Our work with j)oultry has been directed principally

to a comparison of the so-called dry mash with the moist mash

system of feeding laying fowls. The results have not indicated

any marked superiority for either. The luimber of eggs from

the fowls receiving the moist mash has been somewhat greater

than the number produced by the fowls receiving the dry mash.

Whether the difference is sufficiently great to offset the greater

labor cost of the moist mash system of feeding we are not yet

prepared to say.



1909.] PUBLIC DOCUMENT— No. 31. 37

REPORT OF THE CHEMIST.
JOSEPH B. LINDSEY.

DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY.

Research division : Edward B. Holland, Robert D. MacLaurin.

Fertilizer division: Henri D. Haskins.

Feed and dairy division : Philip H. Smith.

Assistant chemists: Lewell S. Walker, James C. Reed, Philip V.

Goldsmith.

Assistant in animal nutrition : Roy F. Gaskill.

Inspector: William K. Hepburn.
• Clerks and stenographers: Harriet M. Cobb, Alice M. Howard.

This department of the experiment station conducts experi-

ments in animal nutrition and applies the science of chemistry

in studying dairy problems, the composition of soils and the

composition and food requirements of plants and animals. It

inspects the fertilizers and cattle feeds sold in the State, as well

as Babcock machines and the accessory apparatus employed in

determining the commercial value of milk and cream ; tests

water used for drinking, at a cost of $3 per sample ; analyzes

farmers' samples of fertilizer, milk and cream free of cost,

and conducts tests of pure-bred cows under the rules and regu-

lations of the several cattle clubs. Its work for the year ending

Dec. 1, 1908, is outlined below.

1. CoERESPOiSrDElSrCE.

The department conducts correspondence with interested

parties on all of the subjects mentioned above, endeavoring so

far as possible to answer all questions promptly and completely.

The number of letters of all kinds sent out during the year

has approximated 4,800.



38 EXPERIMENT STATION. [Jan.

2. Numerical Summary of Laboratory Work.

Erom Dec. 1, 1907, to Dec. 1, 1908, there have been re-

ceived and examined 143 samples of water, 625 of milk, 2,899

of cream, 122 of feed stuffs, 169 of fertilizers and fertilizer ma-

terials, 33 soils and 26 miscellaneous. In connection with

experiments made by this and other departments of the station

there have been examined 256 samples of milk, 19-1 samples

of skim milk and buttermilk, 54 samples of butter, 151 samples

of cattle feeds and 476 samples of agricultural plants. There

have also been collected and examined 895 samples of cattle

feeds in accordance with the requirements of the feed law,

and 624 samples of fertilizer in accordance with the fertilizer

law. The total for the year has been 6,667.

In addition to the above, 23 candidates have been examined

and given certificates to operate Babcock machines, and 2,713

j)ieces of Babcock glassware have been tested for accuracy of

graduation, of which 33, or 1.22 per cent., were inaccurate.

3. Report of the Fertilizer Division.

Mr. Henri D. Ilaskins makes the following report, including

topics (a) through (j) :
—

The principal work of the fertilizer division has been in

connection with the official inspection of commercial fertilizers

and the analyses of materials forwarded by farmers and farmer

organizations.

The new law, obliging the station to publish commercial

valuations and the percentage of differences, has added ma-

terially to the detail of the inspection work, more particularly

with reference to the necessary correspondence and clerical

work. The results of the year's work indicate a more complete

collection and analyses of the licensed brands than ever before,

and show, on the whole, an improvement over the preceding year

in the quality of the goods that have been sold in Massachusetts

markets.

(a) FerfiUzrr.'^ licensed.

During the year 70 manufacturers, importers and dealers

have secured licenses for the sale of 409 distinct brands of fer-

tilizers and agricultural chemicals in Massachusetts; this is
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23 more than were licensed in 1907. They may be grouped

as follows :
—

Complete fertilizers,........ 306

Fertilizers furnishing- potash and phosishoric acid, . . 8

Ground bone, tankage and dry ground fish, ... 40

Agricultural chemicals, 55

(h) Fertilizers collected.

The samples which furnished the material for this year's

inspection were taken by Mr. W. K. Hepburn, the authorized

sampling agent of the experiment station. During the months

of April, May and June, 024 samples, representing 400 dis-

tinct brands, were taken from dealers' stock in various parts

of the State. Ninety towns were visited and samples were

taken from about 180 different agents. Duidicate samples of

the same brand have been taken from various parts of the State

whenever possible, as in previous years, and an analysis has

been made of a composite sample composed of equal weights

of the various samjtles.

(c) Fertilizers analyzed.

Ninety-two more analyses have been made than during the

previous year. One hundred and eleven more samples, repre-

senting 44 more brands, have been collected and analyzed than

during 1907. In the inspection of the licensed fertilizers the

followino- analvses have been made :
—"&

Complete fertilizers,........ 322

Ground bone, tankage and fish, 39

Acid phosphate, dissolved bone black and slag, . . 14

Cotton-seed meal, linseed meal, castor pomace, blood

and nitrate of soda, 26

Muriate, sulfate and carbonate of potash and kainit, . 24

Materials furnishmg potash, phosphoric acid and lime,

such as ashes, ........ 8

Aside from this, 21 samples of fertilizer have l)een analyzed

that were sampled officially by the collecting agent and which

represent goods manufactured for private use, making in all

454 analyses.
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(d) Trade Values of Fertilizing Ingredients.

Nitrogen:— per Pound.

In ammonia salts, ......... 17^/^

In nitrates, I8V2

Organic nitrogen in dry and fine ground fish, meat, blood,

and in high-grade mixed fertilizers, ..... 20^/^

Organic nitrogen in fine* bone and tankage,.... 2OV2

Organic nitrogen in coarse* bone and tankage, . . .15
Phosphoric acid :

—
Soluble in water, ......... 5

Soluble in ammonium citrate (reverted phosphoric acid), . 4V2

Soluble in fine* ground bone and tankage, .... 4

Soluble in coarse* bone and tankage, . . . . .3
Soluble in cotton-seed meal, linseed meal, castor pomace and

ashes, 4

Insoluble (in neutral citrate of ammonia solution) in mixed

fertilizers, .......... 2

Potash :
—

As sulfate, free from chlorides, 5

As muriate (chloride), ........ 4^/4

As carbonate,.......... 8

The above trade values of fertilizing ingredients in raw ma-

terials and chemicals are the same as for the previous year,

and represent the values agreed upon by representatives of the

experiment stations in ISTevs^ England and the Middle States,

after a careful study of prevailing prices in the large cities in

these localities.

The average comparative commercial value of the complete

fertilizers analyzed during the season of 1908 is $25.81, the

retail cash price per ton $3G.20, and the percentage of difference

40.25.

1 Fine and medium bone are separated by a sieve having circular openings one fiftieth

of an inch in diameter, the valuation being based upon the degree of fineness.
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(e) Guarantees and Analyses compared.

Mancfactubeh.
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This shortage ranged from a few cents to $3.36 per ton; only

8 brands showed a commercial shortage of over $1 per ton.

The following table shows a comparison between the com-

mercial shortages fomid during 1908 and 1907: —

Commercial Shortage.

Number op Brands.

1908.
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It is apparent from the above table that with less than a

44 per cent advance in price over the low-grade fertilizer, the

high grade furnishes more than 75 per cent increase in available

plant food and nearly 90 per cent increase in commercial value.

A ton of the high-grade fertilizer furnishes about 46 pounds

more of nitrogen, 15 pounds more of available phosphoric acid

and 104 pounds more of potash than do the low-grade goods.

The high-grade fertilizers, with a 31. G per cent advance in

i^rice over the medium grade, furnish 35 per cent more plant

food with about 46 j^er cent increase in commercial value. The

medium-grade goods also furnish much better value for the

money invested than do the low-grade fertilizers. The medium

grade, costing 9 per cent more than the low-grade fertilizers,

furnish 30.5 per cent more i:>lant food and have about 30.5

per cent greater commercial value. The consumer jDurchasing

the low-grade fertilizers has paid, on the average, 8.83 cents

per pound more for nitrogen, over 2 cents per pound more

for available phosphoric acid and 2.15 cents per pound more

for potash than has the user of the high-grade fertilizers. The

purchaser of the medium-grade goods has paid, on the average,

3 cents more per pound for his nitrogen and three-fourths of a

cent per pound more for his available phosphoric acid and pot-

ash than has the purchaser of the high grade goods. These

figures speak for themselves.

(g) Quality and Commercial Cost of Bone, Ta,nhage and Fish.

Out of the 34 samples of gTound bone, tankage and dry

ground tish, 5 showed a deficiency in nitrogen and 6 in phos-

phoric acid ; only 1 of these brands, however, showed a com-

mercial shortage.

The average retail cash prices, valuations and percentages of

difference of the ground bone, dissolved bone, tankage and dry

ground fish are as follows :
—

Average Retail
Cash Price.

Commercial
Valuation.

Percentage
Difference.

Grouiifl bone,

.

Dissolved bone,
Tankage,
Dry ground flsh,

$.30.08

29.,̂ 3
27..50
39.00

$29.09
27.08
31.66
40.63

3.40
8.31
13.14 1

4.011

1 In excess of selling price.
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(h) Quality of Other Raw Materials.

In the chemicals and raw materials furnishing nitrogen, only

1 sample of cotton-seed meal failed to meet the guarantee in

this element. Three samples of dissolved bone black and 2

samples of acid phosphate failed to meet the guarantee in

available phosphoric acid. Among the potash compounds 1

sample of high-grade sulfate, 5 of muriate and 1 of carbonate

failed to meet the potash guarantee.

(i) Cost of Plant Food in Raw Materials.

The various agricultural chemicals and raw materials, as sold

at retail in our local marhets, have furnished nitrogen, phos-

phoric acid and potash to the consumer at the following

prices :

—

Nitrogen

:

From
From
From
From
From

Available

From
From

Potash :
—

From
From
From
From
From

nitrate of soda,

blood, .

cotton-seed meal,

linseed meal,

castor pomace,

phosphoric acid :
—

dissolved bone black, .

acid phosphate (superphosphate),

carbonate of potash, .

high-grade sulfate of potash,

potash-magnesia sulfate,

muriate of potash,

kainit, .....

Cents
per Pound.

18.40

20.50

22.05

26.70

22.40

7.80

5.90

8.00

5.00

5.70

4.50

5.11

(;') Miscellaneous Fertilizers, Soils and By-products for Free

Analysis.

During the past year 1G9 samples of fertilizer and by-

products used for fertilizer, 33 samples of soil and 11 samples of

miscellaneous materials have been analyzed for farmers and

others interested in agriculture. Comparative valuations, with

advice as to the best method of using these materials, have been

furnished the applicant at the time the results of analyses were

reported. We have every reason to believe that the samples
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forwarded have been representative in each instance, as they

were invariably taken according to instructions forwarded

from this office. The above analyses have not been published in

our fertilizer bulletin. <

Aside from the above, an active part has been taken in the

work of the Association of Official Agricultural Chemists. The

writer has acted in the capacity of referee on inorganic plant

constituents, planning and compiling the work for this section

of the association as well as executing the detailed work as a

co-operator.

Eighteen complete soil analyses have also been made in con-

nection with field experiments conducted by the agricultural

department of the station.

4. Report of the Feed and Dairy Division.

Mr, P. H. Smith, in charge of the division, reports as fol-

lows, including topics (a) through (h) :
—

(a) Execution of the Feed Law. (Acts of 1903, Chapter 122.)

The feed law now in force in this State went into effect July

1, 1903. Its purpose is to so regulate the sale of commercial

concentrated feed stuffs as to enable the consumer to purchase

with a full understanding of what he is buying. Briefly stated,

the law requires that every lot or parcel of concentrated feed

offered or exposed for sale shall bear a statement giving the

name and address of manufacturer, net weight and guarantee of

protein and fat. The wheat by-products and the cereal grains,

ground or unground, are exempt from the provisions of this

act. Any adulterated feed must bear a statement of its true

composition. An inspector is kept on the road during a con-

siderable part of the year, who collects samples of the feeds

offered for sale and reports any violations of the law. The
director of the experiment station or his deputy is authorized

to carry out the provisions of the act and to publish such re-

sults as are of value.

There have been collected by the inspector during the past

year 895 samples of feed stuffs which were found offered for

sale in the Massachusetts markets. As it is only possible for



46 EXPERIMENT STATION. [Jan.

the experiment station to issue one feed bulletin yearly, the re-

sults of the examination of those feeds collected during the

winter and early spring were not published in bulletin form.

In every case, however, the analyses were sent to the manu-

facturers, and in case of misrepresentation or failure to meet

the guarantee, attention was especially called to these j)oints.

All of these feeds were practically as represented. When re-

sults are of sufficient importance, it is the intent of the experi-

ment station to keep the public fully informed by means of

circulars, newspaper articles and correspondence, as well as

bv the regular annual feed bulletin.

During the season of 1906-07, the cotton-seed meal found on

the northern market varied greatly in composition and much

of the meal offered fell decidedly below its guarantee. This

situation has been greatly improved, and for the season just

past practically all of the cotton-seed meal found has been of

good quality.

In general it may be said that there have been few violations

of the feed law. Occasionally dealers neglect to mark material

of good quality with guarantee tags, as required by statute.

No new types of feed have been found during the last twelve

months, although many new brands of existing types are freely

offered. For a full description of the results of the feed in-

spection the interested reader is referred to the special feed

bulletins.

(6) Execution of the Dairy Law. (Acts of 1901, Chapter

202.)

The purpose of the dairy law is to insure accuracy in the

manipulation of the Babcock test where used in fixing the

value of milk or cream, either in buying or selling. The work

required by this act is subdivided into three natural divisions:

(1) the examination of candidates, (2) the testing of glassware

and (3) the inspection of machines.

Examination of Candidates. — During the past year 23

examinations have been given and certificates issued for pro-

ficiency in Babcock testing. Several candidates have been re-

fused certificates, chiefly on account of not being sufficiently

familiar with all phases of the work. If it happens that an
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operator is proficient in testing whole milk, it docs not neces-

sarily follow that the experiment station is justified in giving

him a certificate nntil he has shown the requisite skill in the

whole field. It is obvious that a tester may pass a perfectly

satisfactory examination and yet employ careless and slovenly

methods in practice. The writer wishes to re-emj^hasize the

point made by the head of the department in the last annual

report, " that the present law should be so amended as to give

the experiment station the privilege of revoking the license

of all oi^erators who employ dirty glassware and who are not

conscientiously performing their duties."

Testijig Glassware. — All Babcock glassware intended for use

where the Babcock test is a basis for fixing the value of milk

and cream must be tested for accuracy and marked " Mass.

Ex. Sta.," to signify that it has been so tested and found cor-

rect. During the past year 2,713 pieces of glassware were

examined, and only 1.22 per cent were found incorrect, an

improvement of 5.4 per cent over the previous year.

Annual Inspection of Babcock Machines. — This inspection

was made in November, 1908. Of the 31 places visited, 19

were creameries, 10 milk depots, 1 city milk inspector and one

a chemical laboratory. Thirteen of the creameries were co-

operative and 6 were proprietary. The 10 milk depots were, in

every case, proprietary. Thirty-one machines were inspected,

of which 2 were condemned. As a whole, the machines were

in good condition. Those in use are 13 Facile, 5 Argos, 6

Wizard, 3 electrical and 4 Stoddard. The glassware, as a whole,

was clean, but a few still use very dirty bottles. In one case

the pipettes were not tested. The creameries and milk depots

in operation that pay by the Babcock test are as follows :
—
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1. Creameries.
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(c) Milh, Cream and Feeds sent for Free Examinaiion.

The experiment station has in the past analyzed and will

eontinne in the future to analyze samples of milk, cream and

feeds sent for examination, in so far as the time and resources

at its command will allow. Only in exceptional cases should

material intended for free chemical examination be sent to the

experiment station, except by previous arrangement. Upon

application full instructions for sampling and directions for

shipping will be furnished.

{d) Sanitary 'Analysis of Drinhing Water.

During the year ending Dec. 1, 1908, there have been ex-

amined 143 samples of water. The cost of an analysis is $3,

which must be forwarded in advance and the express charges

on the sample prepaid. In order to secure an analysis, appli-

cation must be made, whereupon a suitably encased glass jar,

together with full instructions for gathering and shipping, are

forwarded by express. An analysis of water sent in shipper's

jar will not be made, neither will a bacteriological nor mineral

analysis be undertaken. The station does not examine water

to determine its fitness for manufacturing jDurposes, it being

held that this is the legitimate work of the commercial chemist.

The object of the station in making an examination of water

is to enable citizens of the State depending upon wells and

springs to ascertain, at a minimum expense, whether their

supply is free from objectionable matter, which is likely to

gain access to it from sinlv, privy or barn drainage. Such an

examination is referred to as a sanitary analysis. Those who

are dependent upon local wells and springs are frequently very

careless in the care of the same. As a result the water becomes

jDolluted, and serious sickness is likely to follow. After the

soil has once become contaminated it requires considerable

time to f)urify itself, and the water is often rendered unfit for

use for a number of years. Farmers and others are strongly

urged to guard the well and spring from all possible bad drain-

age. Sink drainage should be conducted at least 100 feet or

more away from the well and properly cared for, privy vaults

should be located a similar distance and be frequently cleaned
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and made water tight. Barns should not be located near wells

or springs when the water is to be used for either human or

animal consumption.

Lead pipe should never be employed for conducting drink-

ing water ; in case it is in use its removal is urged and iron pipe

coated with asphaltum or galvanized iron pipe substituted.

Lead is a poison^ and if it once gains access to the system it

is difficult to eliminate. The station frequently finds lead in

drinking water when lead pipe is used, and cases of lead poi-

soning are of common occurrence. Beware of lead pipe

!

(e) Miscellaneous.

This division has co-oj^erated with the Association of Official

Agricultural Chemists in a study of methods for the determina-

tion of the various ingredients in condensed milk. The results

have been reported to the association.

(/) Testing of Pure-hred Cows.

The experiment station continues its work of testing pure-

bred cows for the various pure-bred cattle associations. This

work is often confused with the work of cow-testing associations.

The work is entirely different, in that pure-bred cows are tested

under the rules of their respective associations, while the cow-

testing association is purely local, and may include any or all

breeds. One man is employed practically all of the time in

connection with the Guernsey, Jersey and Ayrshire tests, which

usually run for one year, it being necessary for the supervisor

to visit the farms where the animals are on test once each month.

The Holstein tests are of much shorter duration, usually from

seven to thirty consecutive days, and require the presence of the

supervisor during the entire test. For this work it is necessary

to depend on men who cannot be regularly employed. Such

men are difficult to obtain, and there is at times considerable

trouble in obtaining men to fill all applications.

During the past year 20 yearly Guernsey, 5 seven-day and

56 yearly Jersey tests have been completed. Eor the Holstein-

Friesian Association 63 seven-day, 5 fourteen-day, 10 thirty-

day and 1 forty-four day tests have been completed. There are
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now on test for yearly records 54 Jerseys, 21 Guernseys and 6

Ayrshires. It is believed that the semi-official yearly tests

would give a much better indication of the true productive ca-

pacity of an animal than tests of shorter duration.

5. Special Chemical Woek.

Work in the laboratory has also been carried out on the

chemical composition of soils, butter fat and insecticides, and is

being continued at the present time. This work forms a part

of various investigations which are in progress, and it is not

considered necessary to more than mention it in this connec-

tion.
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REPORT OF THE BOTANIST.

G. E. STONE,

The work of this department during the past year has con-

sisted in the usual routine work, correspondence, seed testing

and research work dependent upon some phase of pathology and

physiology. The laboratory work has been carried on by Mr.

George H. Chapman, with occasional aid from students and

recent graduates, and Miss J. V. Crocker, besides attending to

other duties, has had j)i'actically entire charge of the seed testing.

During the past year a conservatory, 28 by TO feet, divided

into compartments, with a lean-to and a propagating pit, has

been added to Clark Hall, A part of this will be used for

various experiments with market-garden and florist's crops

during the coming year.

The past summer and fall have been unusually dry and have

proved to be very severe for vegetation. Many public reservoirs

have been unusuallv low, and wells which have never been

known to fail in their supply of water have been completely dry

this fall ; in fact, the drought has been the worst known for

many years. The season preceding this was also exceptionally

dry, although followed by much rain in the fall ; and the winter

following was responsible for some winter-killing of peach

tree roots.

This year's drought affected potatoes severely, causing much

sun scald of the foliage, and was responsible for a small yield.

The results of good feeding, tillage and spraying, however,

were noticeable on the yield. There was very little blight of

potatoes due to fungi, although here and there might be found

evidence of the early blight and Cladospo7ium, which is seldom

troublesome to potatoes. The potato mildew (late blight) and

rot were not common.
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Some trouble was experienced with tulip bulbs, but there

seemed to be uo infectiou, and the trouble was apparently as-

sociated with a poor grade of bulbs on the market this season.

The peach leaf curl was more or less abundant in the spring,

and much complaint was also received in regard to sweet peas.

The diseases affecting sweet peas are obscure and need investi-

gation. There was considerable mildew on phlox, which was

in some cases associated with other difficulties, the cause of

which is not as yet clearly established. A few cases of straw-

berry winter-killing were observed ; these may have been asso-

ciated in some cases with a bacterial trouble. Specimens of

blackberries and raspberries were sent in which showed cane

blight. Crown gall was re]3orted on the peach and Carolina

poplar, and we received specimens of the latter affected with

Didy7nosphwria populina, Vuill. Some diseased specimens of

Shortia galacifolia were sent in affected with a fungus, probably

a Gloeosporium. The Baldwin fruit spot was quite common in

the fall ; this seems to be more abundant in dry seasons. A
serious Macrosporium disease of the spinach was also found to

be doing severe damage to the crop of one of our large market

gardeners.

Our attention was called at different times to the bacterial

blight and the downy mildew of cucumbers under glass. These

occur when the plants are set in August, but not if set later.

Among amateur growers of greenhouse products the misuse of

fertilizers is on the increase, and many troubles result from

applying fertilizers to soil already well provided with plant

foods. Many onion fields suffered severely from sun scald,

which in some cases was associated with thrips and in others

not. Corn smut, which is generally of minor importance with

us, was unusually abundant this year, the dry weather appar-

ently favoring it, and the apple rust, which is seldom seen in

Massachusetts, was common, although it caused little damage.

The burning of the white pine was much less severe than

during the preceding summer. Most of the burning which did

occur took place on the young buds in the spring, and as they

developed these brown areas might be noticed on the tips. The
usual fungi frequently found on the leaves were present, but no

instances of infection were observed, Frequent examination of
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tlie pine roots showed the results of the former winter-killing,

but a decided improvement of the new feeding roots was noticed.

The severe burning of the pitch pine, noticeable in some locali-

ties, is associated largely, if not wholly, with insect work.

Shade and forest trees have had much to contend with in

recent years owing to severe drought and other factors, and

some of our finest specimens of maples, elms, ash and other

specimens have been slowly dying for some years. A peculiar

trouble of the elm and sycamore has been brought to our atten-

tion many times the past few years ; that is, the loss of the

outer bark. This trouble has been noted in other States, and in

one city which was visited by us a large number of trees in this

condition was found. In some instances the injury had ex-

tended to the wood, large areas of the bark having died back to

the wood, but in most cases the trouble is confined to the outer

bark. In such instances no permanent damage will result.

This injury dates back to the cold winter of four or five years

ago. Some large sycamore trees shed their outer bark to the

ground, causing much concern to those who prize them highly as

shade trees.

Much premature defoliation and sun scald have occurred

during the past two summers, but this sun scald has not been

confined to city and village trees. It is often seen on trees

growing in their native habitat.

Seed Woek.

There has been an increase in the seed work of the past year,

samples for germination tests having been received from many

more growers than ever before. Eight hundred ninety-eight

pounds more seed were separated than in the year 1907. By
the aid of the new methods and improved apparatus which have

been adopted the work was done with greater facility than has

before been possible.

During the past year attention has been given to the further

development of apparatus for the separation of seed. One of

the worst contaminated seeds which the farmer has to contend

with is grass seed, and at the present time we have no suitable

methods for separating certain weed seeds from the grass seed.
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In the coming year we exj)ect to give this problem further con-

sideration.

Onion and tobacco seed constitute the bulk of the seed re-

ceived for separation. Both of these crops are grown extensively

in the Connecticut valley. The object of separation is, of course,

to discard the small seed and chaff, leaving only the large and

heavy seed for planting. The percentage of the seed discarded

varies somewhat. This would naturally be expected, as the seed

comes from different dealers and varies in size and quality, al-

though much of the tobacco seed is home grown.

In some of our seed separation work the amount discarded

depends upon the percentage of germination of the sample.

Certain growers make a practice, before purchasing in bulk,

of obtaining samples, which are sent to the experiment station

for testing. A certain percentage of the small seed is blown

out, and the original sample, as well as the large and small

seed are tested for germination. The results are then sent to

the grower, and if satisfactory he purchases in bulk and requests

that a certain percentage be blown out.

Small seeds, like tobacco, which are received in small quan-

tities, are sej^arated in glass tubes with bulbs of a special form,

and in this form of separation, which is fully described in Bul-

letin No. 121 of this station, we make use of fifteen pounds' air

pressure. The larger seeds, like onion, are separated by a spe-

cial winnowing machine, given a constant speed by an electric

motor. The machine is so arranged that a bushel or more may

be separated at one time.

Careful germination tests were made again this year to prove

the value of seed separation, and experiments in planting the

different grades of separated seed were also made in co-opera-

tion with growers in different parts of the State.

The following tables give an outline of the seed work which

has been done the past year :
—
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Table 1.— Records of Seed Germination, 1908.

Kind of Seed.

Oniou, .

Tobacco,

Celery, .

Com,

Lettuce, .
-.

Pansy, .

Miscellaneous,

Number
of

Samples.

65

10

24

5

7

50

35

196

Germination.

Average
Per Cent.

Highest
Per Cent.

74.2

7S.2

79.0

87.9

99.0

86.9

82.7

98.5

97.0

9S.0

100.0

100.0

100.0

100.0

Lowest
Per Cent.

20

35

60

95

59

7

Table 2.— Records of Seed Separation, 1908.

Kind of Seed.
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with the celery. The average percentage of germination shown

is good when one considers the large amount of poor seed which

is yearly placed on the market.

Farmers who use large quantities of seed are naturally

more particular about its quality than those who purchase small

quantities. Tobacco and onion growers and market gardeners

may be considered specialists, and the quality and source of the

seed which they purchase are important items with them, making-

it a matter of good business to obtain the best seed from the most

reliable firms. Since practically all tobacco men grow their own

seed they have an opportunity to exercise great care in the

selection of their seed plants, and onion growers purchase from

reliable dealers ; but the general farmer and the individual who

plants only his vegetable and flower garden need only small

quantities of seed, and often purchase the so-called " packets "

(commission seed) from the local dealer. These seeds are often

not true to name and are too frequently worthless as regards

quality.

Mr. Edgar Brown ^ in charge of the United States Depart-

ment of Agriculture Seed Laboratory, found that the average

germination of 2,^78 packets, including 26 kinds from 27 seed-

packeting houses, was only 62.2 per cent.

The average germination of seeds from one firm was only 37.3 per

cent., and from another 44.3 per cent.

The variation in germination of different packets of the same kind of

seed from the same firm was in several cases more than 90 per cent.

By 21 of the 27 seedsmen whose seed was tested, 200 lots of seed were

put up which germinated 10 per cent, or less.

By 13 packeting houses 62 lots of seed were put up which entirely

failed to germinate.

The avei'age germination of the " commission " seeds tested was 25.7

per cent, lower than that of those sent out in the congressional seed

distribution during the past six years.

It is quite evident from the results of Mr. Brown's investiga-

tions on seeds— and there is no reason to believe that the re-

sults are different than would be obtained from any testing—
that we are sadly in need of seed legislation. However, the

large dealers in seeds who sell direct to the consumer are not,

1 Bulletin No. 131, Bureau Plant Industry, United States Department Agriculture, 1908.
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as a rule, unscrupulous, most of them testing their own seed,

as they do not care to injure their business by unloading on

the public seeds which are worthless. They do not, however,

as a rule, guarantee purity or the percentage of germination.

Twelve purity tests of clover, alfalfa and mixed grass seed

were made, the highest percentage being 99.4, the lowest 85.3.

The impurities found in our seeds are largely weed seeds of a

noxious nature. One farmer informed us that after seeding

down his large piece of land it required considerable time and

expense to pull up the dock which had established itself in his

field as a result of using seed which contained seeds of this

noxious weed. There is constant complaint in regard to the

impurity of seeds, and a considerable burden is imjiosed on the

farmer by his being obliged to waste time and money in exter-

minating the noxious weeds introduced in his grass seed. It

should be stated, however, that all weeds found in newly seeded

land do not necessarily come in the grass seed. The past sum-

mer many lawns planted with the best seed obtainable produced

nothing but pigweed, crab grass, etc., for the soil moisture, on

account of the drought, has been insufficient to start grass and

clover, while it is one of the characteristics of many weeds that

they possess a wide range of adaptability, and will survive under

conditions which would be disastrous to grass and clover.

Seed to be tested or separated should be sent by mail or

express to G. E. Stone, Massachusetts Agricultural Experiment

Station. The work is done gratuitously by the station for people

living in the State, but the postage or express charges should be

paid by the person sending the samples.
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KEPORT OF THE ENTOMOLOGISTS.

C. H. fernald; ir. t. fernald; j. n. summers.

During 1908 the entomological work of the experiment sta-

tion has progressed along the usual lines. The correspondence

has been extensive, requiring much time and often a consider-

able amount of study before all the inquiries received could be

satisfactorily answered. The year has been a favorable one

for the increase to destructive numbers of many different kinds

of pests, and this condition has been reflected in the letters

received.

The experimental work of the division has been the continu-

ation of investigations previously begun, these requiring so

much time as to practically prevent taking up additional lines

of research. Tests of the resistance of muskmelons under glass

to the effects of hydrocyanic acid gas have been continued, but

have not as yet been completed. A determination of the best

methods for the control of the cabbage maggot was started in

the spring, but, as was the case the preceding year, almost no

maggots appeared either in the experimental portion or else-

where in the field, so that no results of any great value could be

obtained. This, though disappointing, only signifies that the

experiments must be continued until the maggots become suf-

ficiently abundant to give real tests as to the value of the dif-

ferent treatments ; and as these must be begun before the

maggots appear, it is very possible that the work may require

repetition for several years before any data can be obtained.

Observations on the dates of the appearance of the young of

the more common and injurious scales have also been continued,

adding to our knowledge of this subject and making it possible

to more nearly set the date limits within which spraying for

these insects must be done in order to be effective ; but these

observations have not thus far covered a sufficiently long term
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of years to j^rovide comj)lete data, and they will therefore be

continued.

The importance of the second brood of the codling moth in.

Massachusetts is also still unsettled, though the facts for an-

other year can now be added to those previously collected.

This question is an important one, as the answer to it may
determine the value of a late treatment for this insect.

The onion thrips was a less serious pest in 1908 than in the

preceding year, if conditions in all parts of the onion-growing

region be considered, though it was very injurious in some

places. This insect, w^hich is widely distributed both in Europe

and the United States, is known to feed on about fifty different

j)lants, and was reported by Packard in 1872 as seriously in-

juring onions in Essex County, Mass., causing a probable loss

there that year of $10,000, and as having been known as an

onion pest in that region for about fifteen years.

Various methods for the control of this insect in the onion

fields have been tested during the past two years, with more or

less success, but without entire satisfaction, and it is now the

intention to try other measures for its destruction, and extended

experiments along these lines will be undertaken during the

coming season.

The results of tests of a new material for the San Jose scale,

referred to in the last report, were encouraging and were there-

fore repeated last spring, but with less success, the material

seeming to be different from that previously used. It is prob-

able that farther experiments with this substance will be neces-

sarv before its real value can be determined.

The cranberry insect investigations, conducted at AVareham

during the summers of 1906 and 1907 by Dr. H. J. Franklin,

have resulted in many additions to our knowledge of these pests,

and have led to the formulation of numerous recommendations

as to methods of treatment. Practical tests of these, repeated

for several years, would now be in order, but to make them,

entire control of a bog is necessary, and it has thus far proved

impossible to obtain a bog for experimental purposes of this

kind except on terms which could not be accepted. Under such

circumstances it has been impossible to accomplish much during

the past summer, and it would seem doubtful if very much more
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can be done as long as i^resent conditions remain unchanged.

Bulletin JSTo. 126 contains the conclusions drawn from this

work thus far.

Studies on the distribution of insect jDests in Massachusetts,

and of the factors determining this, have been continued since

the last report, but the pressure of other work has prevented

much progress in this line. It has become evident, however, that

in southeastern Massachusetts the climatic conditions are such

that many animals and plants can survive the winters there

when this would not be possible in most, probably any, other

parts of the State. Study of the lines of dispersal of insect

pests shows many southern forms spreading to the north and

east from their earlier homes, together with a probably gradu-

ally increasing jDower of resistance to low temperatures. This

indicates that some, at least, of these insects may be able to

live in the southeastern portion of this State if they once reach

so far. The reverse condition also holds for northern forms,

some of which can undoubtedly live and become injurious in

the colder parts of the State. To determine the limits of the

possible distribution of these pests is important, as this knowl-

edge will be of much practical utility. It is hoped that more

time can be devoted to this subject in the future.

Spraying has been from its very beginning an empirical sub-

ject. Many thousands of experiments have been made and the

results compared, to learn the causes of success and failure.

In spite of this little real progress has resulted in the determina-

tion of the fundamental principles, or what might perhaps be

termed the science of spraying. Thus far the work has been

done wholly with commercial materials varying in composition,

both qualitatively and quantitatively, and in most cases with

no knowledge of the nature of the variations. The only new

line of research taken up by this division during the past year

has been on this subject. The plan is to obtain the various

stomach poisons in as nearly an absolutely pure condition as

possible; to determine their exact composition, qualitatively

and quantitatively, and then to test them on foliage of different

kinds, under varying conditions of heat, light, temperature,

humidity and wind, and to study the results in the hope that

by working with materials of unusual purity and known com-
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position certainty in results may be obtained; and with these

as a basis for comparison, to extend the investigation to the

ordinary commercial materials, and ultimately to find an ex-

planation for the diverse and often contradictory results so

frequently met with in commercial spraying. In this work the

services of the chemical division are necessary in making chemi-

cal studies of the different materials ; of the entomological

division in the preparation and application of these materials,

and in the study of the results ; and very possibly the botanical

division may be called on for assistance in an examination of

the effects of these treatments on the plant tissues. The field

for experiment in this subject is very large, and at present we

have very little accurate, positive knowledge of it. Thus far

the work has not progressed sufficiently to give any results, and

ten years promises to be too short for its entire completion,

but already some significant points have developed which indi-

cate that this investigation will be well worth all the time which

it will require.
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REPORT OF THE HORTICULTURIST.

DEPARTMENT OF HORTICULTURE.

F. A. WAUGH, horticulturist; F. C. SEARS, POMOLOGIST; J. K. SHAW,

ASSISTANT.

The work of the department of horticulture during the year

1908 has followed the lines already adopted and set forth in

former reports. The most important piece of new work under-

taken is a series of orchard experiments in South Amherst, in

which the pomologist, Professor Sears, co-operates with the di-

rector, Professor Brooks.

During the year some changes have been made on the staff.

Prof. F. C. Sears has been added as pomologist, and Prof.

E. A. White has been temporarily detached from service as

florist. Mr. C. S. Pomeroy resigned September 1 to take up

work with the United States Department of Agriculture, and

his place was filled by the appointment of Mr. J. K. Shaw, a

graduate of University of Vermont and of Massachusetts Agri-

cultural College.
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REPORT OF THE METEOROLOGIST.

J. E. OSTRANDER.

At the close of the year the division will have the meteorologi-

cal records for this station for a period of twenty years. The

temperature records for the first year of the period (1889) are

not complete, otherwise the records are nnbroken.

The policy of the division in general has been to make as

few changes as possible in methods of observation or in character

of instruments, in order that the comj)arisons for the different

years may be as reliable as is desired.

Five years ago a change was made from tridaily to semidaily

observations, so as to conform with the practice of the United

States Weather Bnrean, — this station having become a volun-

tary observer of that bureau at about that time. It is not thought

that the change has sensibly affected any of the records, so that

they may not safely be compared with the records existing before

the change was made.

An electric sunshine recorder was installed about two years

later, which increased the precision of the sunshine records

without materially affecting the mean values.

During the past year the work has continued along the same

lines as heretofore,— instrument readings taken at 8 a.m. and

8 P.M., self-recording instruments kept in working order, and the

records transcribed weekly in a jDermanent record book.

The usual monthly bulletins, containing the more important

daily records and remarks on the general character of the

weather during the month, have been regularly issued, and the

annual summary will form a part of the December bulletin.

The New England section of the United States Weather

Bureau has furnished us daily, except Sunday, with the fore-

casts for this section of the State, and the flags indicating the

probable weather for the following day have been regularly
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displayed from the flagstaff over the tower. The flags are five

in number, namely, a white flag, indicating fair weather; blue

and white, indicating local showers; blue, indicating rain or

snow ; white with black center, indicating a cold wave or a drop

of more than 20° in temperature for the next day, or the first

frost of the season. The first three read downward on the

staff. When any of them are displayed together, as white

above blue, it means fair followed by rain or snow. A trian-

gular black flag is the temperature flag, which displayed above

the others indicates rising temperature or warmer, and dis-

played below the others falling temperature or colder. The

cold-wave flag is never displayed with any of the other flags.

The usual weekly snow reports are being sent to the Boston

office this season as heretofore and the voluntary observer's

reports are sent there monthly.

A summary of the twenty years' records is nearly complete

and will be ready for publication soon after the close of the year.

I would recommend that it be published as a part of this

report.
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EFFECT OF SOY BEAN MEAL AND SOY BEAN OIL
UPON THE COMPOSITION OF MILK AND BUTTER
FAT, AND UPON THE CONSISTENCY OR BODY OF
BUTTER.

BY J. B. LINDSEY, E. B. HOLLAND AND P. H. SMITH.

EXPERIMENT IX.

This experiment is the continuation of a series designed to

study the effect of different foods and food groups upon the

character and comj)osition of the product of the dairy cow.

Object of the Experiment.

The object of the experiment about to be described was to

determine the effect of soy bean meal with a minimum per-

centage of oil and of the soy bean oil (a) upon the proportions

of the several milk ingredients
;
(b) upon the chemical character

of the milk fat; and (c) upon the consistency or body of the

butter. It was desired, further, to observe the effect of both

the beans minus the oil and of the oil itself upon the separation

of the fat from the milk serum, time of ripening of the cream

and the thoroughness of the churning process. The present'

investigation, then, may be spoken of as a study in milk secre-

tion to note the effect specific foods and food groups have in

modifying the character of the milk product. Studies of the

effect of different food groups upon the percentage composition

of the milk, nnd upon the chemical character of the butter fat,

have been made by other investigators. It is not intended, at

this time, to review the work of others. References, however,

will be made to it whenever the circumstances seem to require.

Plan of the Experiment.

Twelve cows were divided into two lots of 6 each, to be

known as herds I. and II. During the first period of four

weeks (the first two preliminary) both herds received the same
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ration, which is spoken of as the normal ration. Dnrins; the

next period Herd I. continued to receive the normal ration,

and Herd II. received an addition of soy beans minus oil,

which replaced a like amount of the normal grain ration. Dur-

ing the third period Herd I. continued to receive the same

ration as in the two preceding periods, and to the ration of

Herd II., after it had been brought back to the normal grain

ration, was added a definite amount of soy bean oil. This

method was followed instead of adding the oil direct to the soy

bean meal ration because of the shortage of soy bean meal, and

since it was feared that the bean and excess of oil would have

too great a laxative effect upon the animals. The method of

feeding enabled one to note the direct effect of soy bean meal

and the soy bean oil uj)on the chemical character of the milk

and butter fat.

Table I.— Duration of Experiment, 1907.

Periods.
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Feeding and Care of the Animals.

The cows were housed in the station barn, especially set

apart for feeding experiments. Each animal was kept in a

roomy stall, well carded and turned daily into a yard for several

hours when the weather conditions permitted. The barn was

heated to a temperature of about 50° F., and particular atten-

tion was paid to ventilation and the admission of sunlight. The

feed was given in two portions daily, and water was kept con-

tinually before each animal by means of the Buckley self-

watering device.

Weighing.

Each cow was weighed for three consecutive days at the be-

ginning and end of each period, the weighing being done in

the afternoon, before feeding.

Character of the Feeds.

The hay was composed largely of Kentucky blue grass with

an admixture of some clover, sweet vernal and a little orchard

grass. It was cut when in bloom, well cured, and was con-

sidered a first-class hay for milk production. Washburn-

Crosby's spring bran was used ; the oats were bought in one lot

and were of extra quality; the corn meal, gluten feed and cot-

ton-seed meal were satisfactory both in appearance and com-

position. The so-called normal grain ration was composed of

the above feed stuffs mixed in the following proi:)ortions : 2

pounds bran, 3 pounds ground oats, ly^ pounds corn meal, 11/4

pounds gluten feed and ^ pound cotton-seed meal. It is not

claimed that this ration had any sui)erior advantages over

others; it had been found by experience, however, that such a

mixture could be fed with comparative safety, and would pro-

duce a firm butter, free from any objectionable flavor; it was

used, therefore, as a standard for the comparison of other feed

stuffs. The soy bean meal was derived from a number of varie-

ties, the medium green and southern yellow predominating.

They were shipped to the V. D, Anderson Company of Cleve-

land, O., and the oil extracted by pressure. The green variety,
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according to information from the above firm, furnished 8 per

cent, of filtered oil, while the southern variety yielded 11 per

cent. The pressed cake from the several varieties was mixed and

ground before being fed; the oil from the several containers,

which was of a dark brown color, was mixed previous to feeding.

According to Lewkowitsch the bulk of the solid fatty acids in

the oil consists of palmitic acid and the liquid fatty acids of oleic

and linolic acids. ^ Our tests showed it to have a saponification

value of 191.95, a Hehner number of 95.31 and an iodine value

of 130.77. Its chemical character will be more fully discussed

in a separate article.

Sampling the Feeds.

The hay was sampled at the beginning of each period and

every two weeks thereafter. This was considered sufiicient to

furnish reasonably satisfactory information concerning its

chemical character. Forkfuls were taken from difi^erent parts

of the pile, run through a cutter, subsampled, and the reduced

sample placed in a large glass-stoppered bottle and taken to the

laboratory. A dry matter determination was made immediately

and a definite weight of each individual sample composited.

The normal grain ration and the soy bean meal were sampled

daily into glass-stoppered bottles and dry matter determinations

made at the end of the periods. In case of the normal ration,

one analysis was made from a mixture of the three different

samples.

Sampling the Milk.

The milk of each cow was sampled twice daily for five con-

secutive days of each week of the trial, and preserved with

formalin in tightly corked bottles. The method of sampling

consisted in mixing the freshly drawn milk with a perforated

tin disk, 8 inches in diameter, fastened to the end of a rod.

This disk was drawn slowly up and down through the quantity

of milk a number of times, and then a small dipperful was

immediately removed.

> Technology of Fats, Oils and Waxes, third edition. Vol. II., p. 506.
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Disturbances duehstg the Experiment.

The first j^eriod passed with each animal in excellent condi-

tion. Ten days previous to the end of the second period,

Blanche, of Herd II., produced very soft faeces, although her

general health appeared to have been in no way seriously af-

fected. For the remainder of the period her hay was reduced

4 pounds daily and only one-half her usual allowance of grain

given. We also endeavored, by the use of tannin and gentian,

to correct the trouble, but it manifested itself more or less

during the remainder of the experiment. This necessitated

a reduced daily hay and grain ration, and the feeding of not

over one-third the amount of oil supplied to the other cows.

Towards the close of the third period Red 11. began to show

signs of a disturbed digestion, although she took her regular

ration until the end of the period, after which it was necessary

to reduce her food supply. It is believed that the oil was

responsible for the condition of the latter cow.

Table HI.— Total Feed consumed by Each Cow (Pounds).

First Period : normal gi-ain ration.

Jffei-d I.

Name.
Normal
Grain
Ratiou.

Soy Bean
Meal.

Soy Bean
Oil.

First Cut
Hay.

Daisy, .

May Rio,

May,

Cecile, .

Gladys, .

Betty, .

98

98

112

98

112

112

280

238

280

210

252

238

Herd IT.

Blanche,

Fancy, .

Susie,

Samantha,

Maude, .

Red II., .

322

247

196

308

252

322
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Table III.— Total Feed consumed by Each Cow (Pounds) — Con.

Second Period: Herd I., normal grain ration; Herd II., soy bean meal ration.

Herd I.

Name.
Normal
Grain
Ration.

Soy Bean
Meal.

Soy Bean
Oil.

First Cut
Hay.

Daisy,

May Rio,

May,

Cecile, .

Gladys, .

Betty, .

196

196

224

196

224

224

560

476

660

420

512

476

Herd II.

Blanche,



72 EXPERIMENT STATION. [Jan.

Table IV. — Average Daily Rations for Each Cow {Pounds).

First period : both herds, normal grain ration.

Heeds.
Normal
Grain
Ration.

Soy Bean
Meal.

Soj- Bean
Oil.

First Cut
Hay.

Herd I., .

Herd II.,

7.5

7.5

17.8

19.6

Second period: Herd I., normal grain ration; Herd II., soy beau me.al ration.

Herd I., .

Herd II.,

17.9

19.3

Third period: Herd I., normal grain ration; Herd II., soy bean oil ration.

Herd I., .

Herd II.,

Table III. shows the total feed consumption of each animal

in the two herds. Table IV. shows the average daily consump-

tion of each cow in both herds. In the first period the cows

in Herd I. consumed daily from 6 to 8 pounds of grain and

those in Herd II. from 5 to 10 pounds, the average being the

same in both herds. The cows in Herd II. consumed rather

more hay than those in Herd I. In the second period Herd I.

continued to consume the same amount of grain as in the first

period and substantially the same amount of hay. In the case

of Herd II. it became necessary to cut dovni the amount of grain

for two of the cows, so that the daily total average was i/o

pound less than in the first period. The soy bean meal replaced

the normal ration in amounts varying from 11/) to 3 pounds

per diem, with a daily average of 2.3 pounds. The amount of

hay was about the same as that consumed in the first period.

In the third period Herd I. continued to consume the same

kinds and amounts of food as in the previous two periods.

With Herd II. the soy bean meal was replaced by an equal

amount of the normal grain ration, and to this was added for

each cow from .25 to .83 of a pound of soy bean oil, with an

average daily consumption of .6 of a pound. This amount

of oil did not seem to in any way interfere with the normal
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condition of the herd, except in the instance previously noted.

The average daily consumption of hay decreased .7 of a pound

during this period. It may be stated that the amount of hay

and grain fed daily depended partly upon the calculated nu-

trients needed by the animal and partly upon the animal's

individuality. This latter condition can only be ascertained by

being in close touch with each cow and by careful observation.

If an animal appeared to be having more than she could consume

to advantage, or did not eat clean her daily allowance, the

ration was reduced in amount.

Table V.— Average Dry flatter and Digestible Nutrients in Bortion of

Each Cow {Pounds).

First period: both herds, normal grain ration.
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.

fed in previous experiments of a similar nature.^ The present

normal ration differed, however, somewhat from the former, as

will be seen from the following statement :
—

Present Normal Bation.
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Table VI.— Average Weight of Each Cow at Beginning and End of

Each Period (Pounds) — Con.

First period, Herd II.
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In the first period the first weights were made at the begin-

ning of the preliminary period; in the other two periods at

the beginning of the periods proper. In the first period Herd

I. showed only slight variations, excepting May, which lost

some 53 pounds, and evidently was not receiving quite suffi-

cient nutriment. In the same jDei'iod Maude was evidently

eating a little more than was required.

In the second period proper of 28 days, 4 of the cows in

Herd I. showed a little loss in live weight ; the animals in Herd
II. manifested only slight variations, exceiDting Samantha and

particularly Blanche. Samantha during most of her milking

period did not apj)ear to be in first-class condition, although she

ate her food clean and gave no evidence of pronounced indis-

position. The loss in live weight in case of Blanche was due

to the intestinal disturbance already referred to. In the third

period both herds made a noticeable increase of weight, due to

the advance in lactation and the consequent milk shrinkage.

Table VIT.
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Table VIII. — Total Amouyit of Milk produced by Each Cow in Each

Herd (Pounds) — Con.

Herd II.

Cows.
First Period,
Fourteen
Days.

Srcond Period,
Twenty-eight

Days.

Third Period,
Twenty one

Days.

Blanche,

Fancy, .

Susie,

Samantha,

Maude, .

Red II., .

Average,

336.47

270.94

144.33

328.70

158.96

384.56

270.66

649.28

545.88

312.03

731.02

293.66

811.15

557.17

466.58

439.55

248. (B

562.82

201.40

444.28

393.89

Table IX.— Average Amount of Milk produced daily by Each Cow
{Pounds).

Herds.
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m
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Each analytical determination in the above table was from a

five-day composite, taken as previously described. The total

solids were determined by drying on sand ; the fat by extracting

the sand residue with water-free ether, and also by the Bab-

cock method ; the ash by evaporating the milk in a platinum

dish with nitric acid and burning the residue at a low red heat

;

the nitrogen by the Kjeldahl-Guiining method; the lactose with

the aid of Eehling's solution and the Low " zinc-acetate

"

method.

In the second and third periods the partial composition of

the milk was ascertained during the preliminary period in

order to note any immediate change resulting from the feeding

of soy bean meal or soy bean oil.

In the first period Herd I. produced milk with a slightly

higher percentage of total solid matter than did Herd II. ; this

evidently was due to the higher fat percentage in the former

milk (5.38 against 5.14). The percentage of ash, nitrogen and

lactose were nearly the same in each case. It may be said

that the chemical composition of the milk from each of the

two herds of 6 cows each, when fed the same ration, was sub-

stantiallv alike.

The addition of the soy bean meal (average of 2.3 pounds

per cow daily in place of a like amount of normal grain ra-

tion) did not appear to have any noticeable effect upon the

total solids or fat percentages of the milk produced by Herd

II. during the preliminary period of two weeks. During the

period proper, lasting four weeks, the average percentages of

fat and solids not fat in case of both herds showed only slight

differences from those in the first period,^ and the same may be

said of the lactose percentages. The ash and nitrogen per-

centages of the milk yielded by Herd I. were quite similar to

those in the first period, while with Herd 11. the ash showed a

slight decrease and the nitrogen a very slight increase. One,

however, would not consider it wise to attribute these variations

directly to the modification of the grain ration.

1 During the week of February Ifi to 21 the fat iiercentajros as determined by the gravi-

metric method Increased iiercei)til)ly, a change which cannot be accounted for. In most

cases the gravimetric method gave lower results than the Babcock, while in this instance

the reverse was the case.
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In the third preliiiiiuaiy period, lasting from March 9 to

30, during which time the soy bean meal was removed and the

oil added to the ration of Herd II., total solids and fat deter-

minations were made in order to note any changes which might

result during the process. No change could be observed, how-

ever, that might be attributed to the oil. In the three weeks

of the period proper it is to be noted that the total solid matter

in the milk produced by Herd I. had increased a little (from

14.8S in the first period to 15.12), due to the advance in lac-

tation. The milk produced by Herd 11. in the third period

l^roper remained remarkably even in composition, and one

could not say that the addition of the oil to the ration pro-

duced any noticeable effect in varying the proportions of its

several constituents.

The above results are somewhat different from those secured

with linseed,^ cotton-seed,^ and corn oils,^ where there appeared

to be an increase in the fat content of the milk (.15 to .50 per

cent.) which lasted, however, in two out of three cases only for

a week or two; the nitrogen was, on the contrary, slightly de-

pressed.

After the completion of the third period the soy bean oil

was suddenly remo'ved and the composition of the milk analyzed

and recorded. It will be seen that the percentage of fat in the

milk of Herd II. suddenly dropped several tenths of a per

cent., and after an interval of ten days began to come back to

normal. Similar results were secured in previous experiments.

This, it would seem, indicated that the fat in the food helped

in the formation of the milk fat, and its sudden removal caused

a temporary milk fat decrease. The animal, however, soon

corrected the condition by making the fat from other sources.

Flavor of the Mill-. — A sample of each cow's milk was

taken several times during the second and third periods, and

tested for odor and flavor, by two different parties, both when

cold and warm. The milk was taken by one of the chemists

immediately after it had been drawn, and was placed in thor-

oughly cleaned and well-dried glass-stoppered bottles. Each

cow was given a number, so that the parties making the ob-

1 Hatch Experiment Station, 13th report, p. 19.

2 Hatch Experiment Station, 14th report, p. 1G4.

3 Hatch Exijeriment Station, 16th report, p. 50.



82 EXPERIMENT STATION. [Jan.

servations would not know whether the sami3les came from one

herd or the other. In the second period no differences or

peculiarities were noted. In the third period the milk from

each cow likewise appeared quite normal, except that produced

by Red II., which had a strong odor and taste, which became

especially pronounced towards the close of the period. This

was due directly to the condition of the cow already referred to.

In neither the second nor third period did it seem possible to de-

tect any objectionable condition due to the soy bean meal or

oil.

Chemical Coynposiiion of the Butter Fat. — In describing

this experiment it is not intended to discuss the constitution of

the butter fat molecule. It is believed that butter fat consists

primarily of the triglycerides olein, palmitin, myristin and

butyrin, united in simple molecules. Investigations by J. Bell,^

Blythe" and others have indicated, however, that a portion of

the different fatty acids may be bound* together in a complex

molecule (C;jll5^). In the tables of analyses which fol-

low, all of the important constants are given as well as

considerable other data of interest, a portion of which was

obtained by actual analysis and a portion by mathematical cal-

culation. The results are indicative of the changes which took

place when an excess of soy bean oil was fed, but the methods

thus far available are not adequate to give a complete under-

standing of the changes brought about as a result of the ad-

dition of oil to the ration. Such knowledge can be secured only

by a more exhaustive investigation of the chemistry of the

entire subject. Work along this line is already planned.'^

The analyses in connection with the present experiment were

made by Mr. E. B. Holland, assisted by P. II. Smith and L. S.

Walker. The methods followed were substantially those of the

Association of Official Agricultural Chemists, with such modi-

fications as circumstances seemed to warrant. It is not con-

sidered necessary to describe the several methods in detail.

1 Chemistry of Foods, second e<lition, p. 44.

2 I'rocecdings of Clicinical Society, 1889, p. 5; from I.cwkowitsch, tlilrd edition. Vol II.,

p. 839.

8 For lack of space it lias been necessary to hold a number of valuable |)apers for later

publication. It is hoi)ed to include these, and a report U))on an original investi}?ation now
in pi-ofiress by Dr. 11. 1). MacT>aurin on "The Constitution of Fats and the Chemistry of

Fat Formation," in our uc.xt annual report.



1909.] PUBLIC DOCUMENT— No. 31. 83

Sufficient information will be given in the proper place to enable

the reader to have a clear understanding of the processes em-

ployed.

The butter from which the samples for analyses were prepared

was taken shortly after churning, melted, filtered through a

jacketed funnel into clean bottles, stoppered, and set away at an

approximate temi^erature of 40° to 45° F. until used. The

samples of fat were examined as soon as possible after the close

of the period ; it is evident, however, that some four to six weeks

elapsed between the preparation and examination of the first

samples. This, in some resjDects was unfortunate, inasmuch as

slight changes would occur. Because of the large number of

samples to be examined the condition could not well have been

avoided. It is believed that the low temperature and the ex-

clusion of air prevented any serious changes. Each analysis

represents a composite of two weekly samples.
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The saponification or Kottstorfor value rej^resents the num-
ber of milligrams of i3otassiiini hydrate necessary to completely

saponify one gram of fat. In case of butter fat, Brown ^ states

that the probable mean- is 228.5, with extremes of 22-1 and

234.9; Thorpe'^ shows variations of from 219.7 to 232.6.

In butter fat a high saponification value is accompanied by a

relatively high Reichert-Meissl value and a relatively low iodine

value. This is natural, for a high percentage of oleic acid

having a low combining j^ower would increase the amount of

iodine absorbed; and, vice versa, an increase in the percentage

of soluble fatty acids of high combining power (Reichert-Meissl

value) would increase the saponification and dej)ress the iodine

value.

In the first period it is sho^vn, in the above table, that both

herds produced butter fat with relatively high saponification

values ; such a condition may be considered characteristic of

the animals, all of which were grade or pure-bred Jerseys and

none in an advanced stage of lactation. Herd I. vielded a fat

with a little higher saponification value than Herd II. The

former herd likewise showed a higher Reichert-Meissl'* and a

lower iodine value.^ The melting point ^ of the fat produced

by Herd I. was also a trifle higher than from Herd II., although

this test is not sufficiently delicate to enable one to place much
value upon it.

The results of the various determinations all point to the

fact that in the first period, with both herds receiving the same

ration, Herd I. yielded butter fat with slightly less insoluble

fats (especially olein) and slightly more soluble fats than

Herd II.

In the second period, in case of Herd II. 2.3 pounds per day

of soy bean meal replaced a like amount of normal ration. It

may be recalled that the partially extracted soy bean meal as

fed contained some 45 per cent, of protein and 9 per cent, of fat,

while a normal soy bean meal averages about 35 per cent, pro-

tein and 18 per cent. fat. The influence of the bean on the

1 Pennsylvania Experiment Station, report, 1899-1900, pp. 226 to 245.

2 Average of 40 samples.

3 Lewkowitsoh, third edition, A'ol. II., p. 834, calculated from 357 English analyses.

4 Leffmann-Hcam modification.

6 Wijs' modification.

8 Wiley method.
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butter fat might be attributed in part to the bean protein and

in part to the bean oil. A careful study of the analytical data

fails to reveal any marked differences that could be attributed

to the change in the ration. In the butter fat from Herd II.

the higher iodine number might indicate a small increase in

the amount of unsaturated acids beyond that resulting from the

advance in the period of lactation. If such were the case the

increase in all probability would be attributed to the influence

of the oil rather than to the bean protein.

In the third period, when the bean meal was replaced by

the normal ration (Herd II.) and an average per day and head

of .6 of a pound of soy bean oil was added, striking differences

are noted. In case of Herd I. (normal ration) the Kottsdorfer

number dropped from an average of 234.58 to 231.97, — some

31/0 points, — while with Herd II. it fell from 231.59 to 221.65,

— a difference of 10 points. The former decline was due

largely to the advance in the milking period, and perhaps to a

slight decomposition in the fat, while the latter decline must

have resulted, to a considerable extent, from the feeding of the

bean oil. The Reichert-Meissl number in the fat of Herd I.

fell slightly from that in the second period (29.23 to 29.02) ; in

the fat from Herd II. it dropped from 27.05 to 23.27, showing

a marked decrease in the amount of soluble fats. The iodine

value of the fat produced by Herd I. was similar to that in

the second period, while with Herd II. it increased from 31.90

to 40.25, giving additional evidence of the increase of oleic

and possibly of linolic acids. In terms of oleic acid, by calcula-

tion,^ this increase amounts to 9.26 points, it being 35.42 in

the second period and 44.68 in the third period.

The determination of the important constants, therefore,

makes clear that the addition of the bean meal, with a high

percentage of bean protein, had little if any effect upon the

chemical composition of the butter fats. The feeding of the

bean oil, on the other hand, depressed the volatile fats and no-

ticeably increased the percentage of unsaturated acid. Whether

the bean oil entered directly into the butter fat molecule without

change resulting from its passage through the digestive and

1 Oleic acid =:
^p<^'°^ Dumber

(,,.,^,,.^1 (,„ -^ ,.on)bining weight of 127 for iodine).
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circulatory systems has not been fully demonstrated. Results

similar to the above have been secured at this station by feeding

corn, cotton-seed and linseed oils.^

In addition to a determination of the several constants re-

ported in Table XL, numerous other determinations were made
which are given in the following table :

—
1 Hatch Experiment Station, loco citato.
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The acid number, obtained by beating a definite quantity

of the fat in alcohol, allowing it to cool and titrating the solu-

tion with tenth normal alkali, represents the number of milli-

grams of potassium hydrate necessary to neutralize the free

acid in one gram of fat. The column headed free fatty acids

was calculated by the use of a mean molecular weight of 252.

Inasmuch as the butter fat was prepared directly after the

butter was made, the small amount of acidity could not be due

to the action of bacteria, since butter fat offers no suitable

medium for bacterial development. It is not believed that the

acidity was due to a decomposition of the glycerides, as the

low temperature and exclusion of air would not be favorable to

such a transformation. Brown ^ has shown that fresh butter

fat has an acid number of .50 ; Lewkowitsch^ likewise calls at-

tention to a similar condition.

In the above table it will be seen that in the first two periods

both herds showed quite similar acid numbers, varying from

.32 to .38, equivalent to from .14 to .17 per cent, of acidity. In

the third period, in case of Herd I. the acid number increased

slightly to .48, and noticeably in case of Herd II. from an

average of .32 in the second period to 1.39. This change could

not have been due to the effect of long standing, otherwise the

butter fat from Herd I. would have shown a similar condition.

It may have been due partly to the direct entrance of the soy

bean oil ^ into the butter fat and partly to the disturbance as the

result of feeding the oil.

The ether number, or difference between the saponification

and the acid numbers, represents the milligi-ams of potassium

hydrate required to neutralize the acids of the neutral fat.

N^aturally it varied with the saponification and acid numbers,

being lowest in the butter fat produced by Herd II. in the third

period.

The percentage of glycerol in fat may be determined directly

according to the method worked out by Benedict and Zsig-

mondy* and modified by Allen, ^ or in case of triglycerides it

1 Pennsylvania State College, report loco citato.

2 Lewkowitsch, loco citato.

3 The soy bean oil had an acid number of 1.27.

< Journal Society Chemical Industry, 1885, p. 610; abs. Lewkowitsch, third edition, Vol.

I., p. 283.

6 Commercial Organic Analyses, second edition, II., p. 290.
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may be calculated from the ether number.^ The above results

were secured by the latter method on the understanding that

3 molecules of potassium hydrate replace 1 molecule of

g ycero
.

—
168.474 : 92.064 : : 1 : G.

in which case G = .5465.

Multiplying the ether number, therefore, by .05465 gives the

percentage of glycerol. Direct determinations of glycerol in

neutral fats by quantitative methods, and by the above method

of calculation, have given substantially identical results. Thus,

Brown found in beef tallow 10.61 per cent, by determination

and 10.68 by calculation, and in butter fat 12.70 and 12.69

per cent, respectively.- Bell has found 12.54 per cent, of

glycerol in genuine butter fat.^ Our own results compared very

closely to the above figures, excepting in the case of Herd II.

in the third period, when the average falls to 12,04 per cent.

This is in harmony with results already presented, and indicates

a decrease in the amount of the soluble acids of high combining

power and low molecular weight and a corresponding increase

in the insoluble fats.

The percentage of total fatty acids was calculated in accord-

ance with the formula presented by Zulkowsky.'* This method,

in common with that for the determination of the glycerol, de-

pends upon the determination of the ether number. The for-

mula is as follows :
—

C3H,(ROo)3 + 3 H,0 = C3H5(OH)3 + 3 ROoH
Fat + water (54.048) = glycerol (92.064) + fatty acids.

r^ .. -A inn ,

54.048 ^ ^ ^_. 38.016 „
Fatty acids = 100 + ^^-^ G— G; or 100—^^-^ G.

Substituting the value of glycerol in terms of ether number :
—

3S 01

6

F = 100— ^^•^'" X .05465 E or 100— .02257 E.
92 . 064

The total fatty acids as presented in the tables are all quite

uniform, excepting for Herd II, in the last period, when they

increased slightly, for the reason already mentioned.

1 Lewkowitsch, third edition, Vol. I., p. 281; original by Ziilkowsky, Berichte, 16, p. 1140.

2 Loco citato, p. ilO. < Herichtc, Ifi, p. 1315.

3 Licwkowitscli, p. 833.
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The Valenta test, as modified by Allen/ was employed in

securing the reported results, and consisted in warming 3 cubic

centimeters of melted butter fat with an equal quantity of

glacial acetic acid in a test tube with agitation until complete

solution took jilace. The solution was allowed to cool while

being stirred with a thermometer and the temperature noted

at which the solution became turbid. Allen gives temperatures

of from 50° C. to 61.5° C. for pure butters. Our own temper-

atures, for some unexplained reason, were noticeably lower;

they are at least comparable. It will be noted that in the first

period Herd I. had a slightly lower turbidity point than Herd

II., showing, as have other tests, a slight difference in the com-

position of the butter fat. In the second period this difference

was more noticeable, and was very marked in the third or soy

bean oil period, amounting to nearly 12°. It would appear that

the higher the percentage of olein in the butter the higher was

the point of turbidity. Whether the excess of free fatty acids

had anything to do with the higher point of turbidity is un-

certain.

-

The refractive index on the various samples was made with a

water jacketed Abbe refractometer at 40° C, according to the

instructions given. Only in the third period in case of Herd II.

does one note a slight variation and increase over the fat pro-

duced in the other two periods.

> Lewkowitsch, p. 862. s LewkowitBch, p. 218.
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The insoluble fatty aeids, or Hehner number, were deter-

mined by saponifying in a flask a definite amount of fat with a

glycerol-soda solution, destroying the resulting soap with dilute

hydrochloric acid, solidifying the insoluble fatty acids in ice

water, and filtering; the acids, after repeated washing, solidify-

ing and filtering, were eventually weighed in the flask. It is,

of course, understood that all details and precautions were fully

observed.

In the first period Herd II. showed a slightly higher per-

centage than did Herd I. ; the same condition was observed in

the second period. In the third period this difference was

increased, due in a measure to the effect of the soy bean oil

in increasing the unsaturated acids.

The saponification number of the insoluble acids was ob-

tained by titrating the weighed acids, dissolved in alcohol with

N/ 2 alkali solution; the number of milligrams of potassium

hydrate required to neutralize 1 gram of fatty acids is the

saponification number. But very little difference was noted

until the third period, when in case of Herd 11. a noticeable

depression was observed.

The mean molecular weight (M) of the insoluble acids was

calculated from the saponification number (S) by the formula

TVT 56158

The soluble fatty acids represent the difference between the

total and insoluble acids. The fat produced by Herd I. (first

period) had rather more than did that yielded by Herd II.

(also indicated by the Reichert-Meissl number). In the second

period the fat from Herd I. contained about the same per-

centage, the amount being reduced in the third period by one-

half per cent., due, probably, to the advance in the lactation

period. Herd II. in the second period showed a slight decrease,

from 8.13 per cent, in the first period to 7.75 per cent., and

in the third period the percentage had fallen to 6.13.

The saponification of the soluble acids was calculated as

follows : knowing the saponification number of the fat, the

percentage and saponification number of the insoluble acids,

and the percentage of soluble acids :
—
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235.66 mgs. KoH required to saponify 1 gram fat.

213.89 mgs. KoH equals saponification number of insoluble fats.

86.66 equals per cent, of insoluble acids.

.8666X213.89= 185.35 mgs. KoH to saponify insoluble acids

in 1 gram fat.

235.66— 185.35= 50.30 mgs. KoH required to saponify soluble

acids in 1 gram fat.

50.30 H- .0803 = 626.46 theoretical saponification number of

soluble acids.

The mean molecular weight of the soluble acids was calculated

by the same formula as in case of the insoluble acids.

The mean juolecular weight of the volatile acids was de-

termined bj evaporating to dryness the titrated portion resulting

from the Ileichert-Meissl number. From the weight of the

salts and of the alkali present in them the mean molecular

weight can be readily calculated by the following formula :
—

40 0.58 [salts— (c.c. N/10 NaOH X 0040058)]

c.c. N/10 NaOH X .0040058 + ^^-^ o

10000 [salts— (c.c. N/10 NaOH X .0040058)]
,

.^ __
c.c. N/10 NaOH.

+18-016

Every precaution was taken and blank determinations were

made on all of the reagents and deducted.

The saponification number (S) of the volatile fatty acids

was obtained from the mean molecular weight (M), as fol-

lows :
—

Q 56158
^- M

The figures which follow represent the averages of analyses

made in the experiment described. Number I. includes an

average of all the data excepting those from Herd II. in the

third or soy bean oil period. Because the soy bean oil so dis-

tinctly modified the composition of the fat the average for this

period is j)resented by itself under Number 11. Number III.

represents the analysis of a sample of superior butter sent by

Gude Brothers of New York. Number IV. represents the

maximum and minimum tests usually recognized, with the

approximate averages.
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Table XIV. — Complete Analytical Data of Butler Fat.^

Number I. Number II. Number III. Number IV.

Number of cows, ....
Lengtii of period (days),

Number of samples composited,

Number of determinatious.

Neutral fat (per cent.),

Saponiflcation number.

Acid number

Ether number, ....
Free fat acids (per cent.) , .

Beicbert-Meissl number,

Iodine number (Wijs),

Oleic acid (per cent.) (calculated),

Melting point, ....
Valenta test,

Refractive index (40° C, N ^ ), .

Mean dispersion (N^^, — ^^),
Total fatty acids (per ceut.).

Glycerol (per cent.), .

Insoluble fatty acids (per cent.)
(Heliner number),

Sapouilicatiou number.

Mean molecular weight.

Soluble fatty acids (per cent.), .

Saponiflcation number.

Mean molecular weiglit,

Saponiflcation number of volatile
fatty acids.

Mean molecular wt. of volatile fatty
acids.

VZ

109

80

40

99.83

233.01

.38

232.06

.17

28.51

28.75

31.92

33.70

42.25

1.4530

.0(»855

94.75

12.71

86.97

212.65

264.11

7.78

618.05

90.98

553.32

101.50

^6

35

16

8

99.38

221.65

1.39

220.26

. .62

23.27

40.25

44.68

.32.91

52.97

1.4550

.00884

95.03

12.04

88.90

206.58

271.86

6.16

621.28

90.57

557.12

100.80

1

1

99.74

224.04

.57

2-23.47

.26

26.10

37.52

41.66

32.35

51.50

1.4547

.00966

94.96

12.21

88.54

205.74

272.96

6.42

652.34

86.09

549.98

102.11

227 2

219.7-233.4
.50 3

.20-. 66
228 3

223.5-234.4

24 <

26-38
33 3

25.7-37.9

32 3

31-34.7

94.85 3

94.72-94.94
12.46 3

12.24-12.79
87.5 3

85.5-90.1

214.5 3

212..')-217.0

2613
258.1-2(«.5

7.20 3

6..52-8. 96
571.7 3

563.7-.^77.3
98.12 3

97.17-99.52

Manufacture of the Butter. — The butter was made twice

weekly during the first two periods by lustructor Brintiiall of

the college dairy school, and during the last j^eriod by JST. J.

Hunting, also an instructor in the school. The cows were well

groomed and all ordinary precautions taken to insure cleanly

conditions. The cream was separated by a United States sep-

arator, and the entire process of manufacture was carried out

ill the experiment station creamery especially set aside for such

work and fitted with all modern conveniences. The complete

data of the process will be found tabulated further on.

1 In column Number IV., tlui niniibcr above represents tlie nu-aii, and tlie numbers below
Avitli t!ie (I.'ikIi l)cl\veen represent the extremes.

2 Liewkowitscli. a Brown. » Minimum generally recognized.
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Table XV.— Chemical Composition of the Butter.

First period: both herds, normal grain ration.

Samples.

Janiiarj- 16, .

January 19, .

January 23, .

January 25, .

Average,

Water.

Herd
I.

14.19

15.94

14.33

15.20

14.92

Herd
II.

14.82

14.46

14.64

14.84

14.69

Fat.
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bulk of the moisture was expelled, then dried at 100° C. for

two to three hours. The residue was transferred to an S. & S.

capsule and extracted with anhydrous ether in a continuous

extractor and the fat weighed. The sand containing the salt

was agitated with a definite quantity of water and the chlorine

titrated in an aliquot with standard silver nitrate. Curd, in-

cluding natural ash, was calculated by difference.

Th^ butter was sampled immediately after it was worked and

ready for packing. In the first two periods the analyses from

each of the two herds were much the same, with only such

minor variations as one would naturally expect. ~ In the third

period the butter from Herd II. contained noticeably more

water than that from Herd I. This is explained on the ground

that it was more difficult to work than that from Herd L, being

of a soft, salvy nature. The butter maker found that by work-

ing it more this condition would become too pronounced.

Flavor and Body of the Butter. — The writer^ made frequent

observations upon pound prints made from each of the two

herds. The butter was allowed to stand until it had reached

a uniform temi:)erature of 70° F,, and then it was tested by

pressing it with the finger, and by pushing a glass rod into it

and noting the resistance. The butter was then gradually

heated to 80° or thereabouts and further observations noted.

In the first period the several lots produced by both herds

were fairly firm at 70° F., but at 80° a soft condition was noted,

although the prints held their form fairly well. It was re-

peatedly noticed that the butter produced by Herd 11. appeared

to be slightly softer than that yielded by Herd L, and this

result must be regarded as characteristic of the herd.

In the second or soy bean meal period the samples from both

herds were quite firm at 62°, but even at that comparatively

low temperature the butter produced by Herd II. appeared to

be of a softer and more yielding character when pressed with

the finger. At 70° this difference was still more marked, and

at 80° the prints from Herd II. frequently went into a shape-

less, slushy condition.

In the third ]ieriod the above conditions were still more pro-

1 J. B. Llndscy.
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noimced. The butter from Herd I. was quite hard and firm at

70° F., and maintained its form fairly well at 80° to 85°,

while that from Herd 11. was noticeably soft at 70° and col-

lapsed into a slushy mass at the higher temperature. The

writer did not attempt to pronounce on the flavor.

Penetration Tests. — In order to still further establish the

effect of the two rations on the body of the butter, penetration

tests were made by Mr. Smith. By degrees of penetration is

meant the number of millimeters a small glass plunger, weigh-

ing 10 grams when loaded with mercury, will penetrate the

butter when dropped from a height of about 1 meter. The

prints were removed from the refrigerator and allowed to

stand for some time (over night) at ordinary room temperature.

In the morning they were generally within a few degrees of

the temperature of the surrounding atmosphere. Each print

was tested in a number of places. The detailed results follow,

and likewise a summary of the average results :
—
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Table XVIL— Average Degrees of Penetration {Millimeters),
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Table XVIII. — Butter Scores and Observations {Glide Brothers).

First period : both lierds, normal grain ration.

Flavor.
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The first two lots made in the second period he referred to

as being of about the same quality as those produced in the

first period. Samples sent from February 19 through March 7,

comjileting the second period, all appeared to him to be of the

same general character, and he did not give them any definite

score, referring to them as " off in flavor," " having a pro-

nounced tallowy and oily flavor," and not being of good grain.

It did not seem possible for him to detect any differences that

could be attributed to the influence of the food.

In the third period he noted the first few lots as having

an oily and tallowy flavor, but seemed to think that the con-

dition was not as jDronounced towards the close of the period.

Twice he criticised the body of the butter produced by Herd

II. as being a trifle sticky or greasy.

The principal criticism of Mr. Kieffer consisted in his ob-

jection to the so-called lardy or tallowy flavor in place of the

butter flavor in most of the samples. It was not possible for us

to explain the cause of this condition, neither were we able to

detect it in as pronounced a way as he. In the third period

Mr. Kieft'er did seem occasionally to note the softer body of the

butter produced by Herd 11. , although apparently he did not

consider it decidedly objectionable. Judging from his scores

and from his general criticisms he noted no jironounced differ-

ence in the butter produced by the two herds, although he con-

sidered most of the lots sent him to be of second quality, par-

ticularlv in flavor.

Table XIX.— Butter Scores and Observations {Orrin Bent).

First period : both herds, normal grain ration.

Flavor.
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Table XIX.— Butter Scores mid Observations {Orrin Bent)— Con.

Second period: Herd I., normal grain ration; Herd II., soy bean meal ration.

Flavor.
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Table XXII.— Analyses of Feed Stuffs.

Dry Matter Determinations {Per Cent.).

Hay.
Normal Grain

Ration.
Soy Bean
Meal.

First period, .

Second period,

Third period, .

89.7

89.7

89.7

89.7

90.3

88.8

92
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scorers could not detect any particular flavor in the butter as

a result of feeding the meal. The meal imparted a noticeable

softness to the body of the butter, but not sufficiently so as to

injure its commercial value excepting during the warm months.

The softness of the body of the butter was due probably to the

oil contained in the bean meal and not to the bean protein.

4. Soy bean oil depressed the volatile fatty acids (Reichert-

Meissl number) and thus lowered the saponification number of

the butter fat; it increased the percentage of unsaturated acids

(iodine number) and the total insoluble acids. The acid num-

ber and Valenta test were also increased. The oil did not no-

ticeably change the melting point of the fat as measured by the

Wiley test ; it increased somewhat the refractive index.

5. The oil caused a marked softness of the butter ; the latter

also contained some 2 per cent, more moisture than did the

butter produced by the normal ration. N^o other changes were

observed.
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SOY BEANS AND SOY BEAN OIL.

BY E. B. HOLLAND, M.SC.

1. Economic Uses.

The soy bean/ Glycine hispida, Moencli, is a native of the

Orient, where it is grown chieflv for its seed, which constitutes

one of the staj^le in-oducts. J. J. Rein- states that in China and

Japan the soy bean ranks first of leguminous crops in extent,

variety of use and value, excelling all other vegetables in nu-

tritive qualities, and when properly prepared second to none in

flavor. While soy beans are eaten jilain cooked, special foods

prepared from them seem to be more generally used, prominent

among which are several fermented products known as slioyu,

an aromatic table sauce; miso, a thicker relish; and natto, a

mush ; also a bean curd or cheese called tofu. These prepara-

tions and others are described more fully by Rein,- C. F. Lang-

worthy,^ S. IT. Angell,'* Kellner,-'^ M. Inoyue,'' II. C. P. Geer-

ligs'^ and Bloch.^ Such products, rich in protein, prove a

valuable adjunct to rice. Of the land under cultivation in

Manchuria, from one-eighth to one-sixth, according to N^.

Ssemenow,^ is devoted to the soy bean, and the production of

an edible oil from the seeds forms one of the principal indus-

tries. Soy beans are considered too valuable in the east to be

fed to horses or cattle, though the straw and sometimes the

green fodder are used for that purpose.

1 Jap.ancse, Daidzu and 0-mane.
2 The Industries of Japan, pp. 56-60, 62, 105-108.

3 U. S. Dept. Agr., Farmers' Bui. 58 (1897), pp. 20-2,3.

4 U. S. Cons. Rpts., Dec, 1897, pp. 551, 552.

5 Bui. Col. Agr., Tokyo Imp. Univ., I, No. 6; Chem. Ztg. 19 (1895), pp. 97, 120, 265; AIjs

by H. Trimble, Amer. Jour. Pharm. 68 (1896), No. 6, pp. .311, 312.

6 Bui. Col. Agr., Tokyo Imp. Univ., 2, No. 4; Abs. Amer. Jour. Pharm.
' Chem. Ztg. 20 (1896), No. 9, pp. 67-69; Abs. Exp. Sta. Rec, 8, p. 72.

8 Bui. Sci. Pharmacol., 13 (1906), pp. 138-143; Abs. Exp. Sta. Rec, 18, p. 857.

9 Abs. Exp. Sta. Kec, 15, pp. 669, 670.
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It is rather uncertain when the soy bean was first introduced

into the United States. The earliest references in experiment

station literature would indicate between twenty and twenty-five

years ago. C. A. Goessmann^ reports growing two varieties on

the station grounds in 1888. Of recent years the soy bean has

been quite extensively cultivated for soiling (or pasturage) and

silage purposes, and to a less extent for the production of com-

mercial seed, for hay and as a green manure or cover crop. In

Europe and America soy beans have been very little used as a

human food. As they contain only a small amount of starch,

sugar and dextrin, flour from the beans has been recommended

by A. L. Winton- and AngelP for making bread and biscuits

for people suffering from diabetes. Soy beans, dried and

roasted, have been mentioned as a possible coffee substitute."*

2. The Chemistry of Soy Bean Meal.

The Massachusetts experiment station has given considerable

attention to the soy bean as a forage crop, with particular ref-

erence to varieties, yield, composition, digestibility and general

ada^^tability for dairy purposes. In addition to work of that

character the station inaugurated, in the summer of 1898, a

series of feeding experiments,^ to note the effect of the different

nutrient groups*' — protein, fat and carbohydrates— in the

various feeds on the composition of the milk and of the butter

fat, and on the character of the butter. Fodder groups suitable

for such work are usually obtained to the best advantage from

the seeds or their manufactured products. The action of soy

bean protein and of soy bean oil was under investigation during

the winter of 1906-07.

The soy beans employed in the test were a mixture of several

varieties, with medium green and southern yellow predominat-

ing. The analysis of the medium green will undoubtedly ap-

proximate that of the mixture.

1 Mass. State Exp. Sta. Rpt., 7 (1889), pp. 140, 141.

« Conn. State Exp. Sta. Rpt., 30 (I'JOfi), pp. 153-165.

3 Loco citato.

* Agr. News (Tiarbados), 2 (1!»03), No. 36, p. ^81; Abs. Exp. Sta. Rcc, 15, p. 285; Lang-

worthy in Farmers' Tiul.

6 IIat«Ii Exp. St,-i. Rpts., 13 (11)01), p]). 14-33; 14 (1902), pp. 162-168; 16 (1904), pp. 4.')-62;

Mass. p:xp. Sla. Rpl., 21 (190!)), it]). (iO-llO.

6 It was tbought this nicthofi woiikl yield more definite information than could be learned

from the influence of the combined groups.
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Medium Green Soy Beans.

[Dry Matter.]
Per Cent.

Ash, 5.46

Protein, 40.31

Fiber, ............ 4.91

Nitrogen free extract, ......... 27.08

Fat, 21.G4

The above results are substantiated by those reported by

Rein,^ Langworthy^ and W. O. Atwater,^ showing the beans to

be highly nitrogenous and to contain a large amount of oil. The

protein of soy beans, according to the analyses of T. B. Osborne

and G. F. Campbell,^ consists (a) largely of glycinin, a globu-

lin similar in proj)erties to legumin but of somewhat diiferent

composition; {h) a small amount of a more soluble globulin,

which resembles phaseolin in composition -so far as could be

ascertained in reactions; {c) 1.5 per cent, of legumelin, an

albumen-like proteid ; and {d) a small amount of proteose.

Winton^ has shown that a sample of soy bean meal with a

nitrogen free extract of 27.2 per cent, contained 9.7 per cent,

of starch, sugar and dextrin expressed as starch.^ Of the re-

mainder, about 5 per cent, is pentosans^ and 1 per cent, galac-

tau,^ leaving 11.5 per cent, undetermined. As glycinin, the

chief ju'oteid, contains 17.53 per cent, of nitrogen (factor 5.70

instead of 6.25) the undetermined extract matter should be

even greater than appears. Kellner and Inoyue-^ deny the

presence of any appreciable amount of starch, while Morawski

aud Stingn claim the starch is converted by an active diastatic

enzyme into sugar and dextrin. By precipitating an alcoholic

extract of the beans with ether, Levallois^ obtained a sugar

which does not reduce Fehliug solution, ferments readily with

yeast and upon oxidization with nitric acid yields mucic and

oxalic acid.

1 Loco citato.

2 Conn. Storrs Exp. Sta. Rpt., 14 (1901), p. 178.

3 Conn. State Exp. Sfai. Rpt., 21 (l«)7), pp. 374-382.

4 Determinerl by the diastase method, without previous washing.
5 Hatch Exp. Sta. Rpt., 1.5 (11)03), p. 79.

6 Hatch Exp. Sta. Rpt., 9 (1897) , p. 9.5.

' Chem. Centbl., 1886, p. 724; Abs. Amer. Jour. Pharm.
* Compt. Rend. Acad. Sci., Paris, 93, p. 281; Abs. Amer. Jour. Pharm.
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3. Soy Bean Oil.

In order to study the effect of the protein and of the oil re-

spectively it was necessary to extract the oil as thoroughly as pos-

sible, and to feed the cake and the oil in separate experiments.

The extraction was carried out by the V. D. Anderson Company

of Cleveland, O., who state ^ that the beans were rolled (not

ground), heated to 100° to 150° E. (38° to 66° C), and the

oil removed by torsional pressure. They claim that heating at

so low a temperature does not cook the product and thus pre-

vents the liberation of glutinous matter. An analysis of the

resulting cake indicates that from 55 to 60 per cent, of the oil

was removed. The oil was passed through a filter press, fitted

with cloth, but was not refined otherwise.

(a) Physical Tests.

The oil was clear and of a dark amber color, with an odor

similar to that of other vegetable oils. As analytical data rela-

tive to soy bean oil is rather limited, it seemed advisable, for

comparison and general information, to include most of the

figures available. The specific gravity as recorded by different

observers is stated below :
-—

-

Temperature (Degrees C).
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extracted at least part of the oil ou which they worked with

ether. A more accurate determination, by means of an ordinary

picnometer, proved unsatisfactory at the low temj^erature de-

sired because of the viscid nature of the material.

The specific viscosity was reported by F. W. Farrell * as

8.43, using a Boverton-Redwood viscosimeter. This indicates

the rate of flow at 70° F., as compared with a like volume of

water at the same temperature.

The refractive index NTd and mean dispersion Np— Nc
were determined at several temperatures by an Abbe refrac-

tometer with a water jacket.

TeTuperature
(Degrees C).
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The saj^onification nimiber of our sample agreed closely with

the average. The acid number indicates a slight acidity, but

this cannot be considered abnormal in an oil with such a high

percentage of unsaturated acids if exposed to light and air for

any length of time.

Where there is no appreciable amount of unsaponifiable mat-

ter, monoglycerides or diglycerides, additional data can be

accurately calculated by formulae^ from the numbers just given.

Of these, the Zulkowski formula for total fatty acids (T) from

the ether number (e) is one of the most important.

T = 1— . 0002257 e or 95 . 70 per cent.

If the saponification number of the fat (191.95) be divided

by the per cent, of total fatty acids (95.70), the neutralization

number (n) of the fatty acids is obtained (200.57), from

which the mean molecular weight (m) can be determined as

'''''^^-
56158 ,^^ ^^m= or 279.99

n

Glycerol (G) can be calculated in a similar manner to the

total fatty acids.

G= .0005465 e or 10.42 per cent.

The acid nund^er (a) can be converted into percentage of

acidity (A), expressed as oleic or the acid of any other molec-

ular weight.
^

. 282.272 a __
^ i

• -^A = —^777^7^— or . 03 per cent, as oleic acid.
5d158

Employing the mean molecular weight (279.99) obtained above,

the acidity would be the same. N^eutral fat and unsaponifiable

matter can be determined by difference, 100 less the percentage

of acidity (.63), or 99.37 per cent.

The per cent, of acidity (A) can also be calculated from the

acid number (a) and the neutralization number of the free

fatty acids, or in case that has not been determined, from the

1 The derivation of these formula! avIU be given in another article.
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neutralization number of the total fatty acids (n). The sub-

stitution of the latter value will not always hold true.

A= - or .63 per cent.
n

The percentage of fatty acids (N) and glycerol (G) in the

neutral fat (F) can be calculated by similar formulae from the

molecular weight (m) of the fatty acids of the neutral fats, or,

less accurately, from the mean molecular weight of the total

fatty acids. ^

N = FX.^ f-^ =95.07 per cent.
3m + C3H2

The total fatty acids are equal to the sum of the fatty acids

in the neutral fat (95.07) and the free fatty acids (.63), or

95.70, the same result previously obtained.

92 064
G = FX o r^TT or 10.42 per cent.

3 m + C3H2

The last three formula appear to have no greater merit than

those first given and are rather more difficult to apply.

A direct determination of neutral fat and unsaponifiable

matter gave the same results as the calulated.

Free fatty acids,.......... .63

Neutral fat and unsaponifiable matter, ..... 99.37

Unsaponifiable matter,......... .03

Neutral fat, 99.34

Briefly, the process consisted of treating 2 grams of oil with

an excess of dry sodium carbonate in the presence of a small

quantity of alcohol, stirring thoroughly. After the evaporation

of the alcohol, quartz sand was added and the mixture trans-

ferred to an S. & S. capsule, extracted with dry ethyl ether in a

continuous extractor and the dried extract considered neutral fat

and unsaponifiable matter. The difference was free acids. The

unsaponifiable matter was determined by saponifying 10 grams

of oil with glycerol-soda, dissolving the resulting soap in warm
water, filtering and washing. The dried residue was extracted'&

1 In tins case the molecular weights are the same, even to the second decimal, when the

unsaponiflable matter is included in the neutral fat.
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with ether, which dissolved the imsaponifiable matter. The
amount was very small and presumably phytosterol. Morawski

and Stingl^ report .22 per cent, unsaponifiable matter.

The percentage of insoluble acids including unsaponifiable

matter (Hehner number) is reported by only two analysts.

Insoluble Acids.
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acids, with iodine numbers of 89.9G3 and 181.22, respectively,

then :
—

X + y = . 8026

89.9G3X+ 181.22 y= 130.77

X = 16. 08 per cent, oleic acid.

y = 64. 18 per cent, linolic acid.

The above results indicate that there is approximately four parts

of linolic to one part of oleic acid present.

The soluble fatty acids as determined by difference — total

95.70 less insoluble 95.31— were .39 per cent. The Reichert-

Meissl number was .19, which indicates a low" volatile acid

content, thus substantiating the previous result. In both cases

the amount was insufficient to permit an accurate determination

of the neutralization number and the mean molecular weight.

Soy bean oil is greatly affected by heat; if held at 100° C,
for several hours the chromogenic bodies are destroyed and a

noticeable percentage of the oil volatilized. Upon saponifying

with glycerol-soda, the mixture takes on a dark red color, which

fades as the soap sets.

According to the classification of Lewkowitsch, based on

iodine number, soy bean oil is a semi-drying oil of the cotton-

seed oil group. In composition it resembles cotton-seed, sesame

and corn oils.

Our chemical data can be summarized as follows :
—

Saponification number, . 191. 95
Acid number, . . . 1.27

Ether number, . . . 190. 68

99.37 per cent, neutral fat," \
'^^^^ P^'" ^^"t" ^^"3^ ^^^^s-

I 10.42 per cent, glycerol.

.03 per cent, unsaponifiable matter.

.63 per cent, free fatty acids.

39 per cent, soluble fatty acids.

.19 Reichert-MeissI number.

.11 per cent, volatile fatty acids.

^

r.j. oi X • in (^ palmitic acid.
95. 31 per cent, msoluble \ i • •,

^
J. ,, . , , { oleic acid,
tatty acids, . j i- ,. .,

•^

( linolic acid.

Neutralization number, 200 22.

Mean molecular weight, 280. 48.

95 . 70 per cent, total fatty

acids,

Neutralization number,
200.57, .

Mean molecular weight,

279.99, .

1 The iinsaponiflable matter is included in this percentage and in the resulting calcula-
tions.

2 Calculated from the Reichert-MeissI number and the neutraUzation number of the total
fattv acids.
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METHODS FOR FAT ANALYSIS.

BY E. B. HOLLAND, M.SC.

During the past ten years the Massachusetts experiment

station has conducted a series of feeding experiments, to as-

certain, among other things, the effect of different concentrates

upon the composition of the resulting butter fat. In connection

with this work, which required a great many fat analyses, it

was found necessary to study the methods thoroughly in order

to simplify when possible, to bring to a like basis and above

all to insure uniform results under known conditions of manip-

ulation. The intent of this article is to give only the methods

adopted, with a few supplementary notes. What originality

there may be is reasonably evident if one compares the methods

stated with those usually prescribed. It has been largely, how-

ever, the adapting of valuable suggestions from many careful

analysts ^ though few references are cited.

Apparatus was one of the first things that required attention,

especially flasks. A form and size were desired that would be

suitable for all ordinary tests, and a 300 cubic centimeter Er-

lenmeyer flask, of uniform height and cork requirement, has

satisfactorily filled that need. Such a flask occasionally calls

for a slight increase in quantity of solvent, but that is to be

expected. Normal graduated ware on the basis of the true cubic

centimeter at 4° C. was adopted as the standard. The flasks

are graduated for capacity and the burettes and pipettes for

delivery at 20° C, and all graduations are verified.

The solutions are standardized at 20° C. and are brought to

that temperature before being used. Tempering should be

carefully observed, especially with alcoholic and acetic acid solu-

tions having a high coefficient of expansion.

1 A lion, Brown, Blyth, Leach, Leffmann and Beam, Lewkowltsch, Prescott, Sarttler,

Shernmn, Wiley, Wright, Zulkowski and others.
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The metliods that follow will be treated under the following

headings :
—

1. Saponification (Koettstorfer) number.

2. Acid number.

3. Ether (ester) number.

4. Calculated data from saponification, acid and ether numbers.

5. Reiehert-Meissl number.

(a) Mean molecular weight.

(6) Neutralization number.

6. Soluble fatty acids.

(a) Neutralization number.

(6) Mean molecular weight.

7. Insoluble fatty acids and luisaponifiable matter,

(a) Neutralization number.

(b) Mean molecular weight.

(c) Iodine number.

8. Calcvdated data from the fatty acids.

9. Iodine number.

10. Calculated data from the iodine number,

11. Neutral fat and unsaponifiable matter.

12. Unsaponifiable matter.

1. Saponification (Koettstorfer) N^ijmber.

The saponifieation number indicates the milligrams of po-

tassinm hydrate required for the complete saponification of 1

gram of an oil, fat or wax.

Reagents. — Alcoholic potash solution, 40 grams of potas-

sium hydrate, free from carbonate, to 1,000 cubic centimeters

of 95 per cent, alcohol,^ free from acid and aldehyde. The

solution should be allowed to stand at least twenty-four hours

and filtered immediately before use.

Ninety-five per cent, alcohol, free from acid and aldehyde.

"N/ 2 hydrochloric acid solution.

Phenolphthalein solution, 1 gram to 100 cubic centimeters

of alcohol, neutralized.

Method. — Into a 300 cubic centimeter Erlenmeyer flask are

1 All alcohol used as a solvent in fat analysis or in preparation of the reagents should be

treated several days with caustic lime and redistilled. This insures the removal of acid,

aldehyde and a portion of the water. The distillate should be preserved in glass and pro-

tected from direct sunlight. Such alcohol permits of a more distinct end reaction in titra-

tion. A very dry alcohol sometimes requires the addition of a small quantity of water in

the preparation of alcoholic potjish.
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brought 5 grams of fat together with 50 cubic centimeters of

alcoholic potash, accurately measured with a burette, and 50

cubic centimeters of alcohol. The flask is connected with a

condensing tube and heated on asbestos board at low ebullition

until saponification is complete, about thirty minutes. AVhen

cool, the solution is titrated with N/2 hydrochloric acid, using

a ft^w drops of phcnolphthalein as indicator. The tempera-

ture of the solution during titration should be adequate to

maintain the soap in solution but not to greatly exceed that

requirement. Absorption of carbonic acid from the air should

be carefully guarded against at all times, especially during the

process of cooling. Several blank determinations should be

conducted with every series of tests. The difference between

the acid titration of the blank and of the test gives the alkali

required by the fat.

One cubic centimeter of N/2 acid is equivalent to 28.079

milligrams of potassium hydrate.

Limit of error, .50 saponification number,

Syiiopsis of Reaction.

C3H5(R02)3 + 3 KOH = 3 RO.K + C3H5(OH)3
fat alkali salt glycerol.

Titration of excess alkali.

R in the graphic formula of the fatty acids represents C and

II in different amounts, according to the acid, but usually in the

proportion of C„Il2n_i, except in the case of unsaturated acids.

Supplementary Notes. — The term " saponification or sat-

ui-ati()U equivalent," as employed by Allen and others, indicates

the grams of fat that are saponifiable with one equivalent of

potassium hydrate in grams (56.158). In other words, the

grams of fat saponifiable with 1 liter of N/1 potassium hydrate.

^ -n • -1 / X 56158 mg. of fat
baponmcation equivalent (sj) = or r^

—

tj—pS CC. INI / i RlKtlll

Saponification number (s) ==

The lower the molecular weight of the fatty acids ((ir esters)

the more alkali will be required to satisfy 1 gram, and the
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higher will be the saponification number. Fats and oils con-

taining a considerable amount of the glycerides of the lower

(volatile) fatty acids are characterized by a saponification

number exceeding 200.

2. Acid Number.

The acid number indicates the milligrams of potassium hy-

drate required to neutralize the free fatty acids in 1 gram of

an oil, fat or wax.

Reagents. — jSTinety-five per cent, alcohol, free from acid and

aldehyde.

N/10 potassium (or sodium) hydrate solution.

Phenolphthalein solution, 1 gram to 100 cubic centimeters of

alcohol, neutralized.

Method. — Ten grams of fat are brought into a 300 cubic

centimeter Erlenmeyer flask together with 100 cubic centimeters

of alcohol. The flask is connected with a condensing tube and

heated on asbestos board at low ebullition for five minutes to

insure solution of the free fatty acids. When cool the solution

is titrated^ with NT/lO alkali, using a few drops of phenol-

phthalein as indicator. The pink coloration will not remain

permanent because of the saponification of neutral esters and

the decolorizing action of the carbonic acid absorbed from

the air on sliaking. Allowing the solution to cool, however,

previous to titration will practically prevent saponification. The

indicator also appears more sensitive to cool than to hot solu-

tions. Undue shaking should be avoided. Several blank de-

terminations should be run on the alcohol with every series

of tests and deducted. A purified alcohol should be nearly

neutral, or it can be readily made so, if desired, before being

used.

One cubic centimeter of N/lO alkali is equivalent to 5.6158

milligrams of potassium hydrate.

Limit of error, .10 acid number,

Synopsis of Reaction. — Solution of free fatty acids in

alcohol.

3 RO2H -I- 3 KOH = 3 RO2K + 3 H2O

1 Note directions relative to titrating Baponlflcatlon number of fat and nentrallzation

number of insolut)le acids.
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Supplementary Notes. — Koettstorfer expresses the acidity

by the cubic centimeter of N / 1 potassium hydrate required for

100 grams of fat as '" degrees of acidity." Stockmeier reports

" degrees of rancidity " in the same manner. N/10 alkali and

10 grams of fat are, however, more convenient quantities with

which to work.

1° rancidity = .56158 acid number.

1° acid number — 1 . 78069° rancidity.

Rosaniline dev^ops with free fatty acids a red color due to the

formation of rosaniline oleate, and is known as the Jacobsen

test.

The acid number of oils and fats varies with the purity, age

and the amount of hydrolysis and of oxidation they have under-

gone. Contact with fermenting or decaying matter tends to

rapidly increase the amount. Rancidity develops more readily

in liquid oils in which olein predominates than in the solid fats,

which are composed more largely of palmitin ^ and stearin.

Fresh animal fats are practically free from acid, while vegetable

oils seem to contain a small amoimt.

3. Etker (Ester) Number,

The ether number indicates the milligrams of potassium

hydrate required for the saponification of the neutral esters in

1 gram of an oil, fat or wax.

The ether number is represented by the difference between

the saponification and acid numbers, and in cases where there

are no free fatty acids present, is identical with the saponifica-

tion number.

Supplementary Notes. — Natural fats, both animal and vege-

table, contain practically only triglycerides,— neutral glycyl

esters. These glycerides may occur, however, to some extent as

complex molecules instead of simple.

Lewkowitsch asserts that the presence of free fatty acids in-

dicates jDrevious hydrolysis of the triglycerides, and hydrolysis

conditions the presence of monoglycerides and diglycerides,

therefore the so-called ether number loses its definite character

as free acids increase.
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4. Calculated Data from Saponification, Acid and Ethek
Numbers.

Glycerol. — In the saponification of any triglyceride, 3

molecules or 168.474 parts of potassium hydrate combine with

1 molecule of fat, setting free 1 molecule or 92.064 parts of

glycerol, therefore 1 gram of potassium hydrate is equal to

.5465 of a gram of glycerol.

C.3H5(ROo)3 + 3 KOH = C3H5(OH)3 + 3 RO2K.
fat alkali glycerol salt

The percentage of glycerol (G) can be calculated from the ether

number (e) by means of the formula :
—

G=. 0005465 6. (1)

This method is not applicable in the case of fats containing

monoglycerides and diglycerides, aldehyde bodies or appreciable

amounts of unsaponifiable matter.

Total Fatty Acids. — In the saponification of a fat, 3 mole-

cules or 54.058 parts of water are required for every molecule

or 92.064 parts of glycerol separated.

C3H,(R02)3 + 3 HoO = C,\l,{(m), + 3 RO^H.
1 54.048 92.064

The percentage of total fatty acids (T) in 1 part of fat can

be calculated from the percentage of glycerol (G) by means of

the formula :
—

rp 1 , 54.048^ ^ , 38.016 ^I = 1 H Ct—G or 1— G
92.064 92.064

and substituting the value of glycerol in terms of ether num-

ber (e) :
—

T = 1—?ML^ X 0005465 e or 1— . 0002257 e. (2)
92.064 ^ '

Neutralization Number and Mean Molecular Weight of Total

Fatty Acids. — The neutralization number (n) and mean mo-

lecular weight (m) of the total fatty acids can be calculated
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from the ether (e) and saponification (s) numbers by means of

the formula? :
—

^n- ? (3)1— .0002257 e

56158 ,,.m = {V
n

Mean Molecular Weight of Fatty Acids in Neutral Fat. —

-

The molecular weight (m) of the acids in the neutral fat can

be calculated from the ether number (e) and the percentage of

neutral fat (F) — determined either gravimetrically or by dif-

ference ^ — by the formula :
—

3X5615SXF 168474 Fm =^ ^— or
e e

m = 3(m- H) + C3H5 or 3(m— 1 008) + 41 ,04 or

168474 F 3 m + 38.016

;] m + 38.016 =
e

m = ^^^^^— 12.672 (5)

Fatty Acids in Neutral Fat. — The fatty acids (N) in neu-

tral fat can be calculated from the percentage of neutral fat

(F) and the mean molecular weight (m) of the fatty acids in

the neutral fat :

"
—

o ™
N = F X ^^

(6)

The total fatty acids are equal to the sum of the fatty acids in

the neutral fat and the free fatty acids.

Glycerol. — The glycerol (G) can be calculated in a manner

similar to the fatty acids in the neutral fat.

G = FX ^-'''
(7)

3 m + 38.016

Free Fatty Acids. — The acid number (a) can be readily con-

verted into percentage of free fatty acids (A) expressed as oleic,

1 Tlic unsaiioniliahle matter is a source of error.

2 A close apijroxiniatiQU can usually be obtained Ijy using the mean molecular weight of

the total fatty acids.
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as an assumed acid with a molecular weight determiued by for-

mula (4), or as the acid of any other molecular weight.

^_aXm ^g^

56158 ^

When the free acid is known or the predominant acid is a mix-

ture, it is often desirable to report acidity in terms of that

acid. In such cases it is preferable to calculate the percentage

directly from the titration by factor .0001 of the molecular

weight of the acid (mono basic) for an N/lO solution, or .001

for N/1.

The per cent, of acidity (A) can also be calculated from the

acid number (a) and the neutralization number (n) of the

total fatty acids.

^

A = - (9)
n

Neutral Fat and Unsaponifable Matter. — The neutral fat

and unsaponifiable matter can be determined by difference, —
100 less per cent, of free fatty acids.

5. Reicjiert-Meissl ISTumbee.

The Reichert-Meissl number- indicates the cubic centimeters

of N/10 potassium hydrate solution required to neutralize that

portion of the volatile fatty acids which is obtained from 5

grams of an oil, fat or wax by the Eeiehert distillation process.

Leffmann-Bcam Modification.

Reagents. — Glycerol-soda solution, 100 cubic centimeters of

sodium hydrate solution (equal parts of soda and water filtered),

free from carbonate, to 900 cubic centimeters of pure glycerol.

Sulfuric acid solution, 1 to 4.

N/ 10 potassium (or sodium) hydrate solution.

Phenolphthalein solution, 1 gram to 100 cubic centimeters of

alcohol, neutralized.

1 strictly it should be the neutralization number of the free fatty acids. The number of
cubic centimeters of N/1 alkali required can be substituted in place of the values a and n.

2 The Reichert number is that obtained from 2.5 grams of f.it, and the proportion of acids
volatilized is somewhat greater than with 5 grams, Reichert-Meissl number.
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Piiniice stone ; the stone is jDreparcd by dropping it at white

heat into distilled water and leaving it until required.

Method. — Into an Erlennieyer flask of 300 cubic centime-

ters capacity are brought 5 grams of fat, carefully avoiding get-

ting any fat on the sides of the flask; 20 cubic centimeters of

glycerol-soda are added and heated over a naked flame, rotating

continuously, until the saponification is comj^lete, as shown by

the mixture becoming perfectly clear. The soap when cold

should be white and free from globules of fat. Many small

pieces of pumice stone, 135 cubic centimeters of recently boiled

distilled water and 5 cubic centimeters of sulfuric acid solution

are added, and the flask connected with a Liebig condenser^ and

heated carefully on gauze until a transi^arent oily layer of in-

soluble fatty acids forms on the surface; 110 cubic centimeters

are then distilled over in as near thirty minutes as possible and

received in a sugar flask. The distillate is passed through a dry

dense filter, to remove all traces of the higher fatty acids wdiich

may have passed over with the volatile acids and appear in the

distillate as oily drops or white solid particles. After mixing

thoroughly, 100 cubic centimeters are pipetted into a small flask

and titrated with N/lO alkali, using 5 drops^ of phenolphthal-

ein as indicator, avoiding entirely the addition of water. The

pink coloration should hold at least five minutes. Extreme care

should be exercised in preventing the absorption of carbonic

acid at all times during the process. Blank tests should be con-

ducted with every new lot of reagents. The titration reading,

minus the blank, increased by a tenth and calculated to exactly

a 5-gram basis, represents the Keichert-Meissl number.

Limit of error, .25 Reichert-Meissl number.

Synopsis of Reaction.

C3H„(RO.)3 + 3 NaOH = 3 ROzNa + C3H5(OH)3
fat alkali salt glycerol

The added glycerol acts as a transmitter of heat and has a

boiling point of 290° C.

2 RO^Na + H2SO4 = 2 RO^H + Na2S04.

Titration of the volatile acids.

1 A vertical condenser with a rapid circulation of cold water is advisable.

* A definite quantity is necessary if the mean molecular weight is to be determined.
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Supplcvicntary Notes. — As this method is only an arbitrary

one it is essential to adhere strictly to the conditions of operation

as laid down if comparative results are to be obtained, and by

so doing over 90 per cent, of the soluble acids in butter can be

secured in the distillate. Repeated distillation yields higher

results, but is accomi3anied by decomjjosition of non-volatile

acids.

Butyric, caprivic, caprylic and capric are the only fatty acids

that can be distilled under ordinary pressure without decompo-

sition. Laurie is almost insoluble in water but is volatile in a

current of steam.

]\Iost of the natural fats and oils contain but a small amount

of volatile (soluble) fatty acids, generally below 1 Reichert-

Meissl number. Among the prominent exceptions are butter

fat and j)orpoise, dolphin, croton, cocoanut and palm nut oils.

(a) Mean Molecular Weight.

The titrated volatile acids ^ resulting from the determination

of the Reichert-Meissel number are evaporated in a tared plati-

num dish and dried to constant weight in an air bath at 100° C.

From the weight of the salts and of the alkali present in them

the mean molecular weight (m) can be readily calculated by the

following formula :
—

40.058 [salts— (c.c. N/10 NaOH X 0040058)]
™ ~

c.c. N/10 NaOH X • 0040058 + 18 01 b

10000 [salts— (c.c. N/10 NaOH X .00^0058)]
lU = X^ /,^ XT /^^TT I

lo.UlO
c.c. N/10 NaOH

Blank determinations should be run with every new lot of re-

agents, both by distillation (Reichert-Meissl number) and by

evaporation of the titrated portion (salts), and deducted in the

calculation. To check the X/lO solution a definite quantity

should be evaporated with an excess of sulfuric acid and cal-

cined. If the weight obtained is greater than the alkali con-

verted to sulfate, due to impurities, the factor .0040058 should

be increased sufficiently to offset it.

Limit of error, 1 molecular weight.

1 Using N/IO sodium hydrate, prepared from caustic alkali made from metallic sodium

so as to insure freedom from impurities.
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(&) Neutralization Number.

The neutralization number (n) of the volatile fatty acids can

be readily calculated from the mean molecular weight (m) by

means of the formula :
—

56158
n m

6. Soluble Fatty Acids.

The soluble fatty acids indicate the percentage of fatty acids

in an oil, fat or wax that is soluble in water.^ The percentage

of soluble fatty acids can be readily calculated by difference,—
total fatty acids less the insoluble.

(a) Neutralization Number.

The neutralization number indicates the milligrams of po-

tassium hydrate required to saturate 1 gram of soluble fatty

acids. The difference between the saponification number of the

fat and the product of the percentage of insoluble fatty acids

times their neutralization number indicates the milligrams of

potassium hydrate required to neutralize the soluble fatty acids

in 1 gram of fat, which, divided by the percentage of soluble

fatty acids, gives the neutralization number of the soluble fatty

acids.

(&) Mean Molecular Weight.

The molecular weight (m) of the soluble fatty acids can be

calculated from the neutralization number (n) by means of the

formula :
—

56158m =
n

7. Insoluble Fatty Acids and Unsaponifiable Mattee
(IIehner Number).

The Hehner number indicates the percentage of insoluble

fatty acids and unsaponifiable matter in an oil, fat or wax.

Reagents. — Glycerol-soda solution, 100 cubic centimeters

of sodium hydrate solution (equal parts of soda and water fil-

1 This may mean either hot or cold water, according to the method employed.
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tered), free from carbonate, to 900 cubic centimeters of pure

glycerol.

Hydrochloric acid solution of a strength that approximately

45 cubic centimeters will neutralize 20 cubic centimeters of the

glycerol-soda solution.

Ether.

Method.— Into a tared 300 cubic centimeter Erlenmeyer

flask are brought 5 grams of fat together with 20 cubic centi-

meters of glycerol-soda solution, and heated over a naked flame,

rotating continuously, until the saponification is complete, as

shown by the mixture becoming perfectly clear. Care should

be taken not to overheat and discolor the fat. Fifty cubic centi-

meters of hydrochloric acid solution are now added and the

flask loosely stoppered^, heated on a water bath, rotating occa-

sionally, until the separated fatty acids form a transparent oily

layer on the uj^per surface of the clear liquid. This requires

several hours and must not be shirked. The flask and contents

are cooled in ice water, and after the fatty acids solidify the

solution is decanted through a fat-free filter, using care not to

break the insoluble cake; 150 cubic centimeters of hot water

are added, thoroughly agitated, and heated as above, cooled, and

the solution filtered. This process is continued until the wash-

ings are free from acid, about six times. The flask containing

the cake of insoluble fatty acids is inverted and allowed to

stand in a cool place over night and drain. A convenient filter

stand for both filtration and draining is illustrated by Wiley,"

The next day the small particles of fat adhering to the filter

are dissolved in the least possible amount of ether and the solu-

tion run into the flask. The ether is driven off in a water

bath below 70° C, and the insoluble acids dried in an air bath

at 100° C. The final drying period should not exceed two

hours.

There are two compensating errors that usually result from

this method, which are volatilization of fatty acids and oxidiza-

tion of unsaturated acids. The latter is especially serious, and

may render of questionable value a determination of the iodine

' A condenser is necessary if tiie soluble acids are to be determined directly.

2 Foods and Food Adulterants, United States Department of Agriculture, Bureau of

Chemistry, Bulletin No. 13, p. 457.
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absorption of the insoluble acids. Drying in a vacuum oven

below 70° C, in a current of carbonic acid gas or in a vacuum

desiccator will i:>ractically prevent oxidization as well as volatil-

ization.

Limit of error, .25 per cent, insoluble acids.

8y7iopsis of Reaction.— Similar to those of the Reichert-

Meissl number.

Supplementary Notes. — Most fats and oils contain from 05

to 97 per cent, of insoluble acids. Some notable excej)tions are

stated under the Reichert-Meissl number.

(a) Neutralization Number.

The neutralization number indicates the milligrams of po-

tassium hydrate required to saturate 1 gram of insoluble fatty

acids.

Reagents. — Ninety-five per cent, alcohol, free from acid and

aldehyde.

N/2 potassium (or sodium) hydrate solution.

Phenolphthalein solution, 1 gram to 100 cubic centimeters of

alcohol, neutralized.

Method. — The dried insoluble fatty acids resulting from the

determination of the Hehner number are treated with 100 cubic

centimeters of alcohol, connected with a condensing tube and

heated on asbestos board at low ebullition until the solution

is complete, about five minutes. When cool the solution is

titrated with N/2 alkali, using a few drops of phenolphthal-

ein as indicator. The temperature during titration should

be sufficient to retain the fatty acids in solution but not greatly

in excess. Blank determinations should be run on the alcohol

with every series of tests and deducted. If preferred, the al-

cohol can be neutralized previous to its use.

One cubic centimeter N/2 alkali is equivalent to 28.079 milli-

grams of potassium hydrate.

Limit of error, 1 neutralization number.

Synopsis of Reaction. — See Acid number.
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(h) Mean Molecular Weight.

The molecular weight (m) of the insoluble fatty acids can

be calculated from the neutralization number (n) by means

of the formula :
—

56158 2000 X wt. of acidsm = or
n c.c. N/2 alkali

(c) Iodine Number.

The iodine number indicates the percentage of iodine chloride

absorbed l)y the insoluble fatty acids, expressed in terms of

iodine.

The same process, on a weighed amount of insoluble fatty

acids, is followed as in the case of an oil or fat. Particular

attention should be paid to the separation and drying of the

insoluble fatty acids, so as to prevent oxidization of the unsat-

urated acids.

8. Calculated Data feo:m the Fatty Acids.

Glycerides. — The percentage of triglyceride (Gl) can be

calculated from the percentage of any fatty acid (A) by means

of the molecular weight (m) of the fatty acid.

Gl=^-^t^^XA.
3 m

From the above formula the following factors were deduced

for the acids enumerated below :
—

T.auric acid, Cio H24 O2,

Myristic acid, Cu H28 O2,

Palmitic acid, Cig H32 Oo,

Stearic acid, Cig Hg,; Oo,

Oleic acid, C18 H34 O2,

Linolic acid, Cj^ H32 O2,
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Huhl Method (Wijs' Solution).

Reagents. — Carbon tetrachloride, dry and free from oxidi-

zable products.

Iodine solution according to Wijs^: 13 grams of resubli-

mated iodine to 1,000 cubic centimeters of glacial acetic acid

(99.5 j)er cent.), free from oxidizable products. After the

iodine is comj^letely dissolved the solution is treated with pure

dry chlorine gas" until the iodine has been converted into mono-

chloride. The completion of the reaction is indicated by a dis-

tinct change, the solution becoming transparent, cherry red, and

the titer with thiosulfate doubled. As it is desirable to have a

slight excess of iodine it is advisable to retain a small quantity

of untreated solution to add in case of necessity.

N/10 sodium thiosulfate (hyijosulfite) solution: 24.830

grams of sodium thiosulfate are dissolved in water and made up

to a liter at 20° C.

Potassium bichromate solution: 3.8G57 grams of dry potas-

sium bichromate, free from sodium bichromate, are dissolved in

water and made up to a liter at 20° C. This solution will keep

indefinitely, without changing, and is used for standardizing the

thiosulfate solution ; lOX) cubic centimeters of potassium bi-

chromate solution will liberate 1 gram of iodine from a jDotas-

sium iodide solution.

Potassium iodide solution: 165 grams of neutral potassium

iodide, free from iodine and iodate, to 1,000 cubic centimeters

of water. Iodate is said to be frequently present in commercial

potassium iodide and yields free iodine with hydrochloric acid.

Starch paste : 1 gram to 200 cubic centimeters of water. The

solution is prepared by boiling ten minutes.

Process of Standardizing the Thiosulfate Solution. — Twenty

cubic centimeters of potassium bichromate solution are ac-

curately measured into a 300 cubic centimeter Erlenmeyer flask

and 10 cubic centimeters of potassium iodide solution and 5

cubic centimeters of concentrated hydrochloric acid added. Thio-

sulfate solution is run in gradually until the brownish yellow

' Wijs' solution, with the same active reagent (ioiline monochloride), has largely re-

placed that of Hiibl hocause of its far greater 8tal)ility and more rapid al)sori)tion.

' Well washed, and then dried l>y l)eing passed through concentrated sulfuric acid.
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color (iodine) has been largely destroyed, then 2 enbic centi-

meters of starch paste are added and the titration continued

until the blue particles have entirely disappeared from the

resulting bright green solution. As five times the titration is

equivalent to 1 gram of iodine, the iodine value of 1 cubic centi-

meter of thiosulfate is easily calculated.

In theory, 1 cubic centimeter N/10 Na2S203 5 aq. is equiva-

lent to .012697 of a gram of iodine.

The following is the reaction :
—

KoCr.O; + 14 IICI + 6 KI = 2 CrCls -f- 8 KCl +61 + 7 H,0
6 1: K^CrX); : : 1: x.

761.82: 294.50 :: 1: .38657 g. in a 100 c.c.

Method. — One gram of fat (.2 of a gram of a drying or fish

oil, .3 of a gram of a semidrying oil, or .4 of a gram of nondry-

ing oil) is brought into a 300 cubic centimeter Erlenmeyer flask

and 10 cubic centimeters of carbon tetrachloride added. After

complete solution, 30 cubic centimeters of iodine solution, accu-

rately measured with a burette, are added and the flask well

stoppered and allowed to stand two hours ^ in a cool, dai"k place,

with occasional shaking. A rapid bleaching of the solution indi-

cates insufficient iodine. A considerable excess is said to be

necessary for the attainment of constant results. The tempera-

ture should not exceed 20° C, as heat seems to cause a secondary

reaction and certainly destroys the accuracy of the determina-

tion. Moistening of the stopper with potassium iodide solution

will prevent loss of iodine by volatilization. At the end of the

absorption period 100 cubic centimeters of cold, recently boiled

distilled water and 10 cubic centimeters of potassium iodide

solution are added to the contents of the flask, and the excess

of iodine titrated with sodium thiosulfate solution. The thio-

sulfate is run in gradually, with constant shaking, until the

brownish yellow color of the solution has been largely destroyed,

then 2 cubic centimeters of starch paste are added and the titra-

tion continued until the blue particles have entirely disappeared.

Towards the end of the reaction the flask should be stoppered

and shaken violently, so that any iodine in the carbon tetra-

1 According to Wijs, one hour is sufficient for any oil or fat and fifteen to thirty minutes

for nondrying and semidrying oils.
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chloride will be taken up bv the potassium iodide. The
'^ bleached " condition should hold for at least five minutes,

though the blue color may develop again in time, due to the

splitting off of iodine. Several blank determinations should be

run with every series of tests. The difference between the titra-

tion of the blank and that of the excess iodine is the thiosulfate

equivalent of the fat, which multiplied by the factor (obtained

as above) and divided by the weight of fat gives the percentage

of iodine absorbed.

Limit of error, .25 iodine number.

Synopsis of Reaction. — Solution with carbon tetrachloride.

Formation of chloro-iodo additive compounds with unsatu-

rated acids and their glycerides.

Solution of the excess iodine with potassium iodide and titra-

tion with sodium thiosulfate, using starch paste as indicator.

2 NajSoOg+21 = Na^406 + 2 Nal.

10. Calculated Data from the Iodine Number.

Theoretically the unsaturated fatty acids belonging to the

oleic and ricinoleic series absorb 2 atoms of the halogen, linolic

series 4 atoms, linolenic series 6 atoms, etc. The glycerides act

similarly to the free acids and absorb three times as many atoms

(triglycerides). In fats and nondrying oils olein is the promi-

nent unsaturated glyceride and linolein in drying oils. In those

cases where only one such acid or glyceride is present its per-

centage can be readily calculated from the iodine number,

dividing by the theoretical absorption.

^^^'' ""^ == C^^. = "282^^72 = •

^^^^^

Olein = ^^ = -^^^1^ = .80098
CsH^CCis H^ 0,)3^ 884.822

In a similar manner linolic acid combines with 1.81220 parts

of iodine and linolein with 1.73380.

Where; there are two unsaturated acids (or glycerides) pres-

ent (x and y) of known absor])ti()n (e and d), if the percentage

of the mixture (V) and the iodine niniibci- (I) of the fat have

13(C„Il3,02) + ('3"2-
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been determined, the per cent, of each acid (or glycerides) can

be calculated by formula :
—

x + y = P

ex + dy =.011'

.01 I— dP
"= c-d

11. Neuteal Fat asb Unsaponifiable Matter.

The neutral fat and nnsaponifiable matter indicates the per-

centage of these substances in an oil, fat or wax.

Reagents. — Sodium carbonate, anhydrous powder, free from

caustic alkali.

Ethyl ether, anhydrous and free from alcohol.

Method. — Into a 3-inch porcelain dish are brought 2 grams

of fat together with 1 gram of sodium carbonate and 5 cubic

centimeters of alcohol, and the contents stirred thoroughly.

After evaporation of the alcohol 25 grams of quartz sand are

added, and the mixture transferred to a S. & S. capsule and

extracted with ether in a continuous extractor. The extract is

dried for one hour in an air bath at 100° C, and considered

neutral fat and nnsaponifiable matter. Drying^ in a vacuum

oven below 70° C. is preferable. Unnecessary heating should

be avoided, as it causes oxidization and sometimes volatilization.

Limit of error, .15 per cent.

8y7iopsis of Reaction. — Neutralization of free fatty acids

with sodium carbonate.

Extraction of neutral fat and unsaponiiiable matter with

ether.

Free Fatty Acids. — Free fatty acids can be determined by

diiference, — 100 less per cent, of neutral fat and nnsaponifi-

able matter.

12. Unsaponifiable Matter.

The nnsaponifiable matter of an oil, fat or wax is that por-

tion which does not combine with caustic alkali to form soap,

thereby insoluble in water l)ut soluble in ether.

Reagents. — Glycerol-soda solution, 100 cubic centimeters of

' See " method " under Insoluble Acids for suggestions on drying.

- The factor .01 converts the iodine nniiiher to the same basis as the figures for theoret-

ical absorption stated on previous page.
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sodium hydrate solution (equal parts of soda and water filtered)

free from carbonate, to 900 cubic centimeters of pure glycerol.

Ethyl ether, anhydrous and free from alcohol.

Method.^ — Into a 800 cubic centimeter Erlenmeyer flask

are brought 10 grams of fat together with 40 cubic centimeters

of glycerol-soda solution, and heated over a naked flame, rotat-

ing continuously, until the saponification is complete, as shown

by the mixture becoming perfectly clear. The soap is dissolved

in slightly warm water, filtered through a dense fat-free filter

paper and washed thoroughly. The filter paper and contents

are dried and extracted with ethyl ether in a continuous ex-

tractor. The extract is dried for two hours in an air bath at

100° C, and considered unsaponifiable matter. The use of

a separatory funnel might facilitate matters and would probably

yield slightly higher results, as soap is somewhat soluble in

ether.

Limit of error, .05 per cent.

Sijnopsis of Reaction. — Saponification with glycerol-soda.

Removal of the soap and other soluble materials with water.

Solution of unsaponifiable matter with ether.

8upple7nentary Notes. — Unsaponifiable matter includes hy-

drocarbons, mineral oils (petroleum and shale oils), tar oils

(neutral coal oils), paraffin, ceresin, rosin oils, the solid fat

alcohols of the ethane series (cetyl, octodecyl, ceryl and myricyl)

and of the aromatic series (cholesterol, isocholesterol, phytos-

terol and sistosterol), and possibly some coloring matter. The

natural base of wax, monatomic alcohols of ethane series, unlike

glycerol, is insoluble in water. Cholesterol is the characteristic

solid alcohol of animal fats and oils and phytosterol of the

vegetable.

1 Not applicable for volatile hydrocarbons.
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THE ACIDITY, SULFITE CONTENT AND COLOR
OF GLUTEN FEED.

BY P. V. GOLDSMITH, B.SC.

1. Process of Manufacture.

Gluten feed is the name applied to the finely ground endo-

sperm (body of the corn) after the removal of the starch and

corn germ. The corn is first soaked in quite dilute sulphurous

acid, which softens the grain sufficiently to allow the sej^aration

of the various partsj the dilute acid also serves to check exces-

sive fermentation. After soaking for the requisite length of

time the corn is coarsely ground and passed through a series

of separators, shakers and presses, which process results in a

reasonably distinct separation of germ, starch, gluten and hulls.

The gluten, together with that portion of the starch which can-

not be separated by mechanical means, and the hulls are mixed

with the evaporated steep water from the steeping vats, and the

mixture dried and ground is the gluten feed of commerce. This

so-called steep water, in which the corn was at first soaked, con-

tains much of the more readily soluble material of the corn, and

when mixed with the feed after evaporation imparts to it a dark

color.

Most of the feeds offered for sale at the present time possess

a sharp acid taste and a bright yellow color. The claim has been

made that they contain an excess of injurious dyes as well

as excessive amounts of sulphurous acid. The object of this

investigation has been to determine :
—

The nature of the acidity.

The amount of sulphurous acid present.

The presence and source of the added color.
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2. Acidity.

The acidity of gluten feeds is manifest to the taste as well

as in titration with standard alkali. The following table gives

the acidity of a number of feeds collected on the Massachusetts

market in 1908.

In determining total acidity, 5 grams of the feed were trans-

ferred to a bottle of approximately 500 cubic centimeters capac-

ity, together with 100 cubic centimeters of distilled water. The

bottle was then placed in the shaker for fifteen minutes, after

which the solution was filtered and an aliquot titrated against

N/3 NaOII, using phonoliihthalein as an indicator.

(a) Total Acidity {calculated as H^SO^).

[Blank .OS cubic centimeter.]

Laboratory Number. Color. Taste.
Acidity

(Per Cent.).

370,.

371, .

Sill, .

392, .

393, .

394, .

39.5, .

459, .

460, .

4C1, .

4G-2, .

463, .

506, .

513, .

614, .

539, .

568, .

60-2, .

603, .

604, .

637, .

C57, .

687, .

697, .

770, .

795, .

796, .

Medium,

Medium,

Medium,

Medium,

Medium d;

Dark,

Medium lij

Dark,

Aledium,

Light,

Dark,

Medium,

Very light.

Dark,

Light,

Light,

Dark,

Medium,

Medium,

Medium,

Light,

Dark,

Medium,

Medium,

Dark,

Medium,

Medium,

irk,

ht,

Slight acid,

No acid.

Distinct acid

No acid,

Sharp acid,

Sharp acid.

No acid.

Acid, .

ShaiiJ acid,

Slight acid,

Sharp acid,

Slight acid,

No acid,

Slight acid,

No acid.

No acid,

Sharp acid.

Slight acid,

Slight acid,

Slight acid,

No acid,

A (-id, .

Shari) acid.

No acid.

Sharp acid.

Slight acid,

Sharp acid,

.62

.15

.72

.31

.91

.96

.06

.55

.86

.73

1.21

.74

.06

.(;6

.20

.17

.86

.57

.70

.03

.38

..59

.90

.31

.95

.(;;{

1.02

Color and taste were observed previous to determining acidity.
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From the table one notes a range in total acidity of the feeda

tested varying from .06 to 1.21 per cent. The high percentages

were found only in a few instances, the majority giving a range

of .30 to .80 per cent.

By noting color and taste in connection with the determina-

tion of total acidity it was found that those feeds possessing a

dark or deep yellow color gave, in the majority of cases, a sharp

acid taste, and also a relatively high percentage of acid. The

relation which exists between depth of color and per cent, of

total acidity may be explained as follows: in the process of

manufacture there is, as heretofore stated, a certain amount of

steep water added to the gluten previous to drying. This steep

water carries a relatively high per cent, of acid, which nnist be

neutralized by the addition of soda or lime. It is the bleaching

action of the alkali which affects the depth of color ; if an insuf-

ficient amount of alkali were added to neutralize the acid pres-

ent there would be a relatively high acidity of the feed, together

with a comparatively deeper color, and vice versa. It should be

noted in connection with the above that while the addition of

the steep water to the gluten gives it naturally a darker color, yet

this should not be confused with the deep yellow color above

referred to, due to the artificial coloration.

(h) Determination of Chlorides.

Chlorides and sulfates were determined quantitatively in the

watery extract of many different samples.

Method for Chlorides. — To 5 grams of the sample were

added 100 cubic centimeters of distilled water, as in the deter-

mination of total acidity. After shaking, the solution was

filtered and 20 cubic centimeters of the filtrate transferred to a

porcelain dish and titrated against N/10 sodium hydrate for

total acidity, using phenolphthalein as indicator. A few drops

of soda were then added to insure a slight excess, and the solu-

tion brought to dryness on a water bath, after which the dish

was transferred to a gauze top burner and the contents charred

at a low red heat. The finely pulverized contents were next

taken up with distilled water, filtered, and the insoluble residue

well washed with distilled water. The determination of chlo-
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riiie was made in the filtrate after the usual method, by titration

with standard silver nitrate solution, blank determinations being

made in every case. The following table gives the chlorine

content of several products, calculated as hydrochloric acid :
-—

•

Number of Product.
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(c) Determination of Sulfates.

Sulfates were determined in the watery extracts of several

products in the usual way,^ blank determinations being run in

every case.

Number of Sample.
Total Acidity

calculated a.s Sul-

phuric Acid.

Sulfates
calculated as Sul-

phuric Acid.

A,

B,

C,

462,

.0001

.0005

.0020

.1.1.50

For explanation of numbers see Determination of Chlorides.

It is evident from the above results that the addition of the

steep water causes an increase in the water-soluble sulfate

content of the feed. This is accounted for by the fact that the

steep water carries more or less of sulfite which is readily oxi-

dized, appearing as sulfate. It is doubtful if any sulfate exists

in the feed as free sulphuric acid from the fact that it would be

readily neutralized, and that it would react acid to methyl

orange even though it be present in .small quantities.

{d) Pliosphoric Acid and Composition of Ash.

A water extract of a gluten feed was prepared by bringing 50

grams of the sample on a filter and washing with warm distilled

water until the filtrate equaled 500 cubic centimeters. This was

evaporated to dryness on a water bath and carefully ashed. An
anal^'sis of the ash gave the following results :

—
Per Cent.

Silica,
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The results of the analysis show the ash of the water solution

to contain relatively high per cents, of phosphoric acid, potas-

sium oxide and magnesium oxide. It is difficult to state in just

what way these various elements are combined ; it is probable

that they exist in part, at least, in organic combination. From
the relatively high per cents, of potassium oxide, magnesium

oxide, phosphoric acid and the presence of calcium oxide, it may
be inferred that the phosphorus in corn exists in a similar com-

bination as that in wheat bran, namely, as phytin,— a soluble

phospho-organic compound containing potassium, magnesium

and calcium.^ Phytin is soluble in water and insoluble in

alcohol and ether. Whether or not this compound, if present,

bears any relation to the acidity is yet to be determined. It is

probable, however, that in the concentration of the steep water

the phytin, if present, would undergo a decomposition, in which

case phosphoric acid would undoubtedly be formed. It is doubt-

ful if any free phosphoric acid exists in the feed ; it would prob-

ably be present as a salt.

(e) Volatile Organic Acids.

To determine whether the acidity was due in part to free

volatile organic acids, such as lactic, butyric or acetic, etc., dis-

tillations of the watery extract were made in vacuo at a maxi-

mum temperature of 100° C. under 13 millimeter pressure.

In no case was there more than a mere trace of acid detected in

the distillate, indicating that the amount of free volatile acids

in the feed is small. The residue from the distillation was a

resinous material, dark brown in color and had a sharp, biting

taste. Distillations in vacuo, in presence of dilute sulphuric

acid, also gave negative results, indicating that little or none of

the acidity of gluten feeds is due to the salts of the volatile acids.

(/) Acidity and Indicators.

The following table gives the acidity of a number of gluten

feeds, using both phenolphthalcin and methyl orange as in-

dicators :
—

' fsolated from wheat bran by Patten and Hart, Bulletin No. 250, New York Experiment

Station.
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Acidity calculated as Sulphuric Acid.

Number of Feed.

432,

433,

434,

435,

436,

437,

438,

439,

440,

441,

442,

443,

444,

445,

446,

447,

Acidity to

Phenolphtha-
lein.

.10

.14

.7'J

.(K!

• 77

aw

i.ou

.06

1.4S

.06

.70

.92

.06

1.06

1.06

.87

Acidity
to Methyl
Orange.

Number of Feed.

448,

449,

450,

451,

452,

4.53,

454,

4.55,

456,

457,

458,

459,

460,

461,

462,

Acidity to
Phenolphtha-

leiii.

Acidity
to Methyl
Orange.

2.24

1.11

.84

.92

1.38

.50

.03

.18

.08

1.09

1.60

.78

1.53

.08

2.11

The several titrations indicate that in every case the water

solutions of the feed gave a neutral or alkaline reaction with

methyl orange. Methyl orange as an indicator possesses rather

strong acid properties, i.e., it forms compounds that are quite

stable and which require strong acids to decompose them, hence

it is much more sensitive to free inorganic acids than to those

of an organic nature, some of the latter being entirely unable to

replace the acid radical of the indicator.

3. Sulfites.

In the process of manufacture of gluten feed there is, as has

been heretofore stated, a certain amount of sulphurous acid

added to facilitate the separation of the various parts of the

corn. Since sulfites are of a poisonous character it was im-

portant to determine whether they were present in the finished

feed in sufiiciently large amounts to cause any serious results

when fed to animals. Sulfites were determined after the usual

method, by distilling a considerable amount (50 grams) with
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dilute phosphoric acid into bromine water. The excess of bro-

mine was then boiled o& and the sulphuric acid formed deter-

mined by precipitation with barium chloride. The distillation

was conducted in the presence of carbon dioxide, which served

to i^revent oxidization. Dilute coi:)per sulfate solution^ was

used to purify the suljjhur dioxide. Since it was necessary to

employ relatively large amounts of the sample for distillation,

it was found convenient to place the distilling flask on an oil

bath to prevent burning. The following table gives the result

of several determinations :
—

Niunber of Sample.

1, .

2, .

8, .

4, .

5, .

Sulphur Dioxide (Per Cent.).

.OU50

.0008

.00-10

.0006

none

Dkuik .UOU.J ill each case.

The results of these various analyses show that the amount of

sulphurous acid in the samples of gluten feeds tested was small,

and it can be assumed that practically all of the sulphurous acid

originally added has been driven off or oxidized to sulj^huric

acid. Formerly the United States government allowed the addi-

tion of sulphur dioxide to foods at the rate of 350 milligrams

per kilogram, or .035 of a gram per 100.- This decision was

later amended,^ pending determination by the referee board,

and at present calls for the labeling of all foods containing even

small amounts of sulj^hur dioxide.

4. Coloring Matter.

In the work presented on coloring matters no attempt has

been made to determine the individual dye or combination of

dyes used, but rather to ascertain whether the added color was

one of vegetable or coal tar origin. The method for the detec-

tion of artificial coloring matter in gluten feeds recommended

by Gudeman^ is not applicable in those cases where the sub-

' Winton and Bailey, Journal American Chemical Society, Vol. XXIX., No. 10, 149'.).

2 Food iiispeotion derision No. Tfi, .Inly 13, l'.)07.

» Food inspcftion decision No. S'.», Felj. 2H, I'MH.

* Journal American Clieniical Society, Vol. XXX., No. 10 (1!)08), 1623.
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stance on heating becomes solid or semisolid, due to the forma-

tion of a starch paste, hence a slight modification was employed.

Method. — To 25 to 50 grams of the sample add 150 cubic

centimeters of absolute alcohol^ and 5 cubic centimeters 1 to 1

ammonia ; digest with reflux condenser for three-fourths to one

hour, filter, acidify with 10 per cent, hydrochloric acid, add

about a square inch of woolen cloth and boil from three-fourths

to one hour, to effect a good transfer of color. The wool sample

is next washed thoroughly in water, boiled for several minutes

ill very dilute solution of hydrochloric acid and then again in

water, to remove the acid. The color in the wool sample is next

dissolved by boiling it in a 1-50 ammonia solution, after which

the sample is removed and the bath again made acid, when the

second wool samjile is added and the boiling of the second acid

bath prolonged from one-half to one hour. " The dyeing of the

second wool sample, ranging from a bright canary yellow to a

deep reddish yellow, is positive proof of added coal tar color." ^

Of 30 samples of gluten feed collected on the Massachusetts

market in 1908, 26, or over 80 per cent., were found to contain

added aniline color. This coloring is lawful provided the fact

is so stated on the food label, as is now the case with most of

the gluten jiroducts placed on sale.

5. Conclusions.

1. Water solutions of gluten feed react acid to phenolphtha-

Iciu (.1 to 2.11 per cent, calculated as sulphuric acid) and alka-

line or neutral to methyl orange, which would indicate the ab-

sence of any appreciable amount of free mineral acid (suli^huric

and hydrochloric). The direct determination of the sulfates and

chlorides shows them to be present only in small amounts.

2. An analysis of the ash of the water solution shows it to

contain considerable potassium, magnesium and phosphoric

acid, together with lesser amounts of calcium and sodium. The

presence of the several alkalies oifers additional evidence of the

absence of free mineral acids.

3. The presence of such considerable amounts of potassium,

magnesium and phosphoric acid in the extract leads one to sur-

• Jenkins of Connecticut State Station recommends tlic use of alcohol in first acid bath.

« Gudcman in Journal American Chemical Society, Vol. XXX., No. 10 (1908), 1623.
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niise that the phosphorus exists in the corn as phytin or a

similar organic compound, and that the latter may have been

decomposed in the process of evaporating the steep water.

4. Pending further investigation, the acidity of gluten feeds

is believed to be due primarily to some form of phosphorus, to

a much less degree to the acid salt of suli)huric acid, as well as

to traces of sulfites and organic acids. It is advised that the

acidity be sufficiently neutralized so that no more than .5 per

cent, is shown (calculated as sulphuric acid) when titrated

against normal alkali with phenolphthaloin as indicator.

5. The gluten feeds examined showed traces only of sulfites,

and hence it is concluded they are not present in sufficient

amount to be regarded as in any degree injurious to animals.

6. About 80 per cent, of the gluten feeds collected in Massa-

chusetts during 1908 were found to contain aniline (coal tar)

dye. It is not believed that the amount present was sufficient to

be considered injurious. It is thought, however, that it would

be decidedly preferable to omit the color.

In conclusion, the writer wishes to express his thanks to

Dr. J. B. Lindsey, Dr. R. D. MacLaurin and Mr. E. B. Holland

for their criticisms of the above-described work.
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ANIMAL RESIDUES AS A FOOD FOR FARM
STOCK.

BY J. B. LINDSEY,

1. Meat and Fish Meals.

As a result of the preparation of beef extract according to the

formula of J. von Liebig, which was first undertaken in Uru-

guay in 18G3, there was placed upon the German market a

large amount of dried extracted material,— Fleischfuttennehl,

— which was soon recognized as a suj^erior j^rotein food for all

kinds of farm stock. C. Voit/ as a result of investigations re-

ported in 1869, showed that, contrary to the generally held

opinion, this extracted beef was quite fully digested. The first

feeding experiments were carried out to demonstrate its value

for farm animals in Uruguay in 1872, after plans submitted by

Liebig.^ Since 1872 numerous brands of beef and fish meals

have been oifered for sale in Europe, and a great variety of

experiments with horses, cattle, sheep, and swine have been

made, a most excellent summary of which may be found by con-

sulting Shenke's valuable publication.^

The consensus of opinion— based upon the above-mentioned

experiments— has been that such material when properly pre-

pared is highly digested, and furnishes an excellent source of

protein for dairy stock, horses, sheep, swine and poultry. An
exception is made to residues made from decayed or badly dis-

eased animals (Kadavermehl). European meat meals of the

best grade have been shown to contain an average of 72 to 73

per cent, protein, 13 to 14 per cent, fat, 3.5 to 4.5 per cent, ash

(263 analyses), and to be 90 or more per cent, digestible.

• Ueber Untersuchungen der animal, und vegetab. Nahrung. Miinchen, Sitzungsber. d.

math.-pliys. Klasse, 1869.

2 Landw. Versuchsstationen .59 Bd., 1903; also Die Futtermittel des Handels von V.

Shenke, p. 737, pub. by P. Paray, Berlin.
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European fish meal is guaranteed to contain 59 per cent, j^ro-

tein, 2 per cent, fat, and has been found to be fully 90 per cent,

digestible.

Kellner recommends 3 to 4 ounces daily for young pigs and

calves, which amount may be increased to IG ounces, depending

upon the size of the animal and the richness of the other foods

in nitrogenous matter. Milch cows may be fed as high as 2

pounds daily without any objectionable taste being noted in the

milk or butter. Sheep and horses do not take the meal readily,

but its consumption can be brought about by mixing it with

other grains; about one-half pound daily is recommended.^

In the United States up to the present time the various resi-

dues from slaughterhouses and fish factories have been utilized

chiefly as sources of plant food. Of late the large packers have

endeavored to popularize such material in place of or as a sup-

plement to protein concentrates of vegetable origin. Large

amounts of meat scraps and meals are consumed in the rapidly

increasing poultry industry, and several brands of specially

prepared or digester tankage and dried blood are recommended

and offered for sale although not generally distributed in local

markets.

Tankage for animal feeding is prepared " from scraps of meat

of cattle and hogs (lungs, tendons, bones, etc.), cooked for four

hours in large steel tanks under 25 to 40 pounds' pressure. . . .

The tankage is then pressed, to remove the excess of water and

fat, after which the feed is dried and ground." The highest

grade contains about 50 to GO per cent, protein, 10 to 15 per

cent, fat and 6 to 10 per cent, bone ash, and has a noticeable

odor. It is recommended chiefly as a supplement to corn for

feeding pigs, in the proportion by weight of 1 part tankage to 5

to 10 parts corn. While a proportion of 1 to 5 has given slightly

better results, the opinion is expressed by several experimenters

that so large a proportion of tankage is not as profitable as the

smaller amount,- It seems probable that 1 part tankage to 5

parts corn could be given advantageously to young pigs, and

1 KcUner, Dio Krnahruni]!- d. landw. Xiitztliicre, i))i. 369-371.

- Iowa Experiment Station Bulletin No. 05; Purdue Ex](erinient Station Bulletin Nos.

Wand 108; Michigan Exiteriment St-ition Bulletin No. 237; Nebraska Experiment Station

Bulletin No. (t4; South Dakota Experiment Station Bulletin No. 00; Virginia Experiment

Station Bulletin No. ](i7.
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the proportion of corn increased as the process of fattening

progressed.

The Massachusetts station fed Swift's digester tankage to

two dairy cows in place of twice the amount of high-grade dis-

tillers' grains (33 per cent, protein). One-half pound of tank-

age daily was first fed and the amount gradually increased to

li/o pounds per day; the total grain ration consisting of 4

pounds wheat middlings, 1 pound distillers' grains and li/o

pounds tankage, or 5 pounds molasses beet pulp, 2 pounds mid-

dlings and ll/o pounds tankage. Neither of the animals made

any objections to the tankage when mixed with the other grains,

in spite of its noticeable odor. Frequent samples of milk were

examined, both cold and at a lukewarm temperature, but it was

not possible to detect any flavor or odor that could be attributed

to the meat product. It is hardly considered advisable, however,

to feed such material to dairy stock.

2. Dried Blood foe Stock.

Dried blood for feeding purposes is prepared by heating the

fresh blood of cattle and swine in large tanks at 212° F. The

excess of water is removed from the coagulated mass by means

of heavy presses and the material then passed through steam

dryers and eventually ground and liagged. As thus treated it

appears as a dry, friable powder of dark color and with only a

slight odor.

One finds comparatively few experiments described and little

said in agricultural publications relative to the value of blood

meal for animal nutrition. Kellner^ states that "when it is

prepared without being overheated, it has proved itself to be a

very easily digested protein food stuff, suitable for all farm

animals, readily consumed and to be fed in the same amounts

as meat meal. It is found to be quite satisfactory as a constitu-

ent of fodder bread and biscuit and of the less valuable

molasses feeds."

In the United States several stations ^ report feeding trials

with blood combined with carbonaceous foods (corn), in which

1 Already cited.
.

2 Missouri AKricultiiral College Bulletin Nos. U, 19; Wisconsin Experiment Station Re-

ports, 1880, 1887, 1888, 1839.
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it is shown that the addition of the hlood produced a more rapid

and healthy development of the body and tended to increase the

proportion of lean meat.

The Kansas station^ has found a tcaspoonfnl of soluble blood

flour added to each feeding of milk to be quite efficacious in

checking mild cases of scours in calves.

Ohservations at the Massachusetts Station with Blood Meal.

The station procured a quantity of Armour's blood meal and

made the following observations : (1) composition; (2) digest-

ibility; (3) its value as a source of protein in place of cotton-

seed meal.

(1) Composition {Per Cent.).
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bolic by-products. Judging from the digestibility of the total

dry matter of the blood it may be safely concluded that the blood

protein must be quite thoroughly utilized by farm animals.

Kellner^ found the protein in blood meal to be 92 per cent,

digested; Wildt^ secured protein coefficients of from 01 to 72

per cent, on samples of blood which had been overheated.

(3) Blood Meal v. Cotton-seed Meal for Dairy Cows.

Object of the Experiment. — To compare the total protein of

dried blood with an equal amount of protein in cotton-seed meal

upon the yield of milk and milk ingredients, and to note its

economy and suitability as a protein concentrate for dairy stock.

Plan of the Experiment. — Four cows, Blanche, Brighty,

Dora and May, were divided into two lots and fed by the usual

reversal method. The care and weighing of the animals, method

of feeding and sampling of milk were the same as in the alfalfa

meal experiment (pages 158-166).
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Total Rations consumed hy Each Cow (Pounds).

Blood Meal Ration.

Cows.
First-cut
Hay.

Bran.
Hominy
Meal.

Blood
Meal.

Cotton-seed
Meal.

Blanche,

Brighty,

Dora, .

May, .

Totals,

616
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Average Dry and Digestible Nutrients in Daily Rations (Pounds).
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Total and Daily Yields (Pounds)— Concluded.

Cotton-seed MeUl Ration.

Cows. *
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Practically the same amounts of dry and digestible matter

were required to produce equal amounts of milk, milk solids

and milk fat.

Effect of Blood Ration on Milk Flavor and on Anitnals.

Frequent samples of milk were taken in sterilized milk bot-

tles, carried to the laboratory and tasted, both cold and luke-

warm. It was not possible to detect any objectionable flavor

which could be attributed to the blood. The blood ration in no

way interfered with the normal condition of the animals, all

of which consumed it readily.

The only disturbance noted in the exjieriment was that of the

cow Brighty while being fed the cotton-seed meal ration. She

was attacked with indigestion on JSTovember 20 and was out

of the experiment until December 12, when she again re-

turned to her normal condition and milk flow. She was contin-

ued from December 12 until January 1, thus completing her

four weeks' record, although the experiment for the remainder

of the herd ceased December 18.

3. Conclusions.

1. Dried blood contains some 85 per cent, of protein, and

when properly prepared (not overheated) has proved itself to

be highly digestible and well suited as a concentrated protein

nutrient for farm stock.

2. For cows in milk it may be fed in amounts varying from

1 to 2 pounds daily, mixed with concentrates of vegetable origin.

A satisfactory combination for a day's ration consists of 2 to 3

pounds of wheat bran, 2 to 3 pounds of corn or hominy meal

and 1.5 pounds of dried blood. Other mixtures can be made
containing blood as a constituent.

3. It is believed to be the part of economy to first utilize

blood as an animal food rather than to apj^ly it directly as a

fertilizer.

4. The present price of prepared blood, its lack of distribu-

tion in local markets and the ignorance of the consumer con-

cerning its merits as a food have thus far prevented its general

use for feeding purposes.
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ALFALFA MEAL v. WHEAT BRAN FOR MILK
PRODUCTION.

OcTOBEK TO Decembek, 1906.

BY J. B. LINDSEY.

The merits of alfalfa hay, Avhcn early cut and well cured, are

fully recognized by feeders of farm stock. Considerable alfalfa

hay is ground and offered as a iood for poultry and as a substi-

tute for wheat bran. The station has made a comparative study

of the merits of ground alfalfa and bran for milk production,

and briefly presents the results secured.

Composition of Alfalfa {Per Cent.).
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Digestibility of Alfalfa.

This station has not conducted digestion experiments with

alfalfa as so many excellent investigations have been made else-

where, especially in Kansas and Utah. The resulting average

coefficients follow :
—
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week preliminary) at the same time the other three received

the wheat bran ration. In the second half of the trial the con-

ditions were reversed.

Data concerning Cows.

Names. Breed.
Age

(Years).
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dry matter at the end of each half of the trial, and eventually

completely analyzed. Sufficient of each of the several grains

was purchased at one time to last during the entire experiment.

Sampling Milk. — The milk of each cow was sampled twice

daily for five consecutive days and preserved in glass-stoppered

bottles. The method of sampling consisted in mixing the freshly

drawn milk with an especially constructed mixer, and imme-

diately removing a small dij^perful.

Character of the Feeds. — The hay and rowen were of excel-

lent quality. The former was a mixture of Kentucky blue grass

with some clover and the latter was largely grass rowen. The

quality of the bran was not particularly satisfactory. It was

bought by sample, and had the appearance of being a fairly

clean, winter wheat product. As the experiment progressed it

was found that some bags contained a considerable admixture

of middlings and some wheat hulls. Towards the latter part of

the second half of the trial the variation became so noticeable

that Washburn Crosby's spring bran was substituted for the

remainder of the experiment. The source and quality of the

alfalfa meal have already been mentioned.

Effect of Alfalfa on General Condition.

The alfalfa meal was fed mixed with the other grains. The

animals ate the mixture readily and kept in uniformly good

health, as did those receiving the bran ration. The alfalfa

ration produced rather more of a laxative effect than did the

bran.

Total Feeds consumed (Pounds)

.

Alfalfa Meal Ration.

Cows.
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Total Feeds consumed (Pounds)— Concluded.

Wheat Bran Ration.

Cows.
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naturally assume that a little less milk and milk products would

be produced by the alfalfa meal ration, because of the increased

energy required to digest the excess of fiber.

Herd Gain in Live Weight.

Character of Ration. Pounds.

Alfalfa meal,

Wheat bran.

119+

165+

Both herds made a substantial gain ; the bran ration gave the

better results.

Yield of Milk and Milk Ingredients {Pounds).

Wheat Bran Ration.

Cows.
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the entire period of thirty-five days the cows did not respond

readily to either ration. The reason for this was due probably,

in part, to the fact that bran or alfalfa (feeds having a compara-

tively low digestibility) made uj) nearly 60 per cent, of the grain

ration, and partly because of the wide nutritive ratio of the

rations. Both rations eventually tended to produce a slow

accumulation of body fat rather than to stimulate the flow of

milk (note gains in live weight). Incidentally it may be stated

that the writer does not consider it economical, as a rule, to use

more than 25 to 40 j^er cent, of bran in rations intended for

milk production. The former amount may be employed when

the remainder of the ration is composed of rather bulky con-

centrates, and the latter with heavy concentrates, such as com-

binations of cotton-seed and corn meals.

Average Composition of the Herd Milk.

Character or Ration.
Total Solids
(Per Cent.).

Fat
(Per Cent.).

Solids not Fat
(Per Cent.).

Alfalfa meal, .

Wheat bran, .

14.81

14.63

5.22

5.29

9.59

9.34

The variations in the quality of the milk are not sufficiently

pronounced to warrant any particular deductions.

Dry and Digestible Matter required to produce Milk and Milk Ingre-

dients (Pounds).
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Food Cost of Milk and Butter.

Character of Ration.
Total
Milk.

One Hundred
Pounds
Milk.

One Quart
Milk

(Cents).

One Pound
Butter

(Cents).

Wheat bran,

Alfalfa, .

Percentage decreased cost of bran over al-

falfa ration.

$49 01

53 07

9.20

$1 21

1 32

9.20

2.72

2.97

9.20

19.5

21.8

9.0

The several feed stuffs were figured at the same j^rice per

pound, excei^ting the wheat bran and alfalfa; the former cost

$22 and the latter $30 a ton in the market. On this basis the

alfalfa ration would increase the cost of milk and butter some 9

per cent. If the bran and alfalfa were figured at the same price

a ton, the food cost of the product would vary very slightly.

Approximate Fertilizer Ingredients in Bations.

Wheat Bran Ration.

104.54 pounds nitrogen, valued at 18Vi cents a pound, equals

79.3(i pounds potash, valued at 41,4 cents a pound, equals .

48.52 pounds phosphoric acid, valued at 4 cents a pound, equals

Alfalfa Ration.

82.32 pounds nitrogen, valued at 181,^ cents a pound, equals

68.30 pounds potash, valued at 4Vi cents a pound, equals

21.02 pounds phosphoric acid, valued at 4 cents a pound, equals

$19 34

3 37

1 94

$24 65

$15 23

2 90

84

$18 97

Owing to the excess of fertilizer ingredients, especially nitro-

gen, in the wheat bran, the bran ration would furnish a some-

what richer manure. This fact should not be entirely lost sight

of in comparing the merits of the two feeds.

Conclusion.

1. Wheat bran contained nearly 3 per cent, more protein and

very much less fiber than did alfalfa meal ; bran also has fully

100 pounds more digestible matter to the ton, and noticeably

more of the elements of fertility.

2. The present experiment indicates that, pound for pound,

wheat bran was slightly superior to alfalfa for the production

of milk. Both feeds act as slight laxatives, and are well suited

to dilute or distribute the heavy concentrates.
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The results secured from a single experiment should not be

regarded as conclusive. The composition and digestibility of

the alfalfa meal, as well as the feeding experiment described,

all point in the same direction, and strongly indicate that the

above conclusions are correct. It is believed that if the grain

ration had consisted of alfalfa and corn meal, or bran and corn

meal,— that is, if gluten feed had been excluded from the

ration, — the results would have been more favorable to the

bran. The gluten feed supplied a sufficiency of protein, and

had it been omitted its loss would have been more noticeable in

case of the alfalfa ration.

The writer can see no advantage in replacing bran by alfalfa

meal, for the reason that the quality of the latter as measured

by the grade of the hay employed is likely to vary considerably.

Late-cut alfalfa has a low digestibility, and will prove decidedly

inferior to a good quality of bran. Mairs^ made an experiment

to compare bran and alfalfa meal and drew the following con-

clusions : (1) " The results of this test do not warrant the recom-

mendation of alfalfa meal as a substitute for wheat bran as a

feed for dairy cows at the present market prices (bran $20 a

ton, alfalfa meal $23)." (2) " The alfalfa meal was less pala-

table, and resulted in a decreased milk production in every

case." (3) "At the same 'piice per ton, alfalfa meal produced

milk in one case for a cent less and in another case at the same

price per hundred pounds."

The writer noted that the quality of the alfalfa meal used by

Mairs was superior to the average alfalfa hay.

1 Pennsylvania Experiment Station, Bulletin No. SO.
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VARIATION IN PEAS.

F. A. WAUGH AND J. K. SHAW.

A preliminary report of these studies in variation of peas

was made last year.^ Since that time the experiments have been

continued and many interesting data secured. The work was

done largely by Mr. C. S. Pomeroy.

Primarily these experiments were designed to give some

accurate knowledge of variation in a common variety of garden

V\nz. LE-NOTri

• - i I90T

FIG. 1.

peas, Nott's Excelsior. Hitherto our knowledge of such matters

has been too meager and inexact to have any scientific value or

to supply a proper basis for progress in practical plant breeding.

As the work has gone on other problems have come up, including

« Massachusetts Agricultural Experiment Station, Report 20; p. 65 (1908).
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.

questions in heredity and in correlation of characters. In this

year's work there has been nothing developed in the correlation
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Studies in Vaeiation.

In our last report figures and diagrams were given to show

the amount and range of variation in several qualities, namely,

(1) length of vine, (2) number of pods per vine and (3) num-

ber of peas per pod. It will now be of interest to compare the

variation of 1908 with that shown in 1907, remembering that

the plants of 1908 were the progeny of those grown in 1907.

Before taking up the figures, attention should be called to the

fact that the very dry summer of 1908 shows its effects very

«J
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An inspection of the graphs will show that this is the actual

result. The curves for 1908 show smaller plants with fewer

pods, but there is, nevertheless, a very striking similarity in the

scope and character of variation in the two years. (See Figs.

1, 2 and 3.)

The general character of the results may also be seen from the

following table

:

Variation in Peas.
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Studies iist Heredity.

From the beginning of this experiment careful studies in

heredity have been planned. As this year's report covers only

the second generation of peas no very conclusive results could

be expected. It must be confessed, however, that the figures for

this year not only lack conclusiveness but they are decidedly con-

fusing. It was to be expected, of course, that the progeny of

prolific vines would be more prolific than those from unprolific

vines, and that plants which in 1907 gave a large number of

peas per pod would yield progeny in 1908 with relatively large

numbers of peas per pod. As a matter of record, this reasonable

expectation of heredity was not fulfilled to a degree which

would satisfy any practical plant breeder.

The measure of heredity is best computed by the methods

introduced by Galton, and improved by Pearson in England,

and now used largely among scientific plant breeders in America.

This method involves somewhat complicated mathematics, which

we need not take up here.^ It will be sufficient if we explain

that absolutely perfect inheritance (which never occurs) would

be represented by the integer 1, and that various degrees of

heredity would be measured by decimal fractions or percentages

running do^vn from 1 to 0. It may be said, further, that careful

studies of most subjects where heredity is known to operate nor-

mally show coefficients varying from .15 to .52 or .53, but a

coefficient as large as .50 seems to be rare. In human beings,

for example, heredity seems to run at about .30. Certain com-

putations will even show slightly negative results; but unless

the figures are large, such negative coefficients indicate only

that heredity has been practically obliterated with respect to the

individuals and the characters under examination.

The coefficients of heredity shown in the pea progeny of 1908

were as follows :
—

Coefficients of Heredity.
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While these are average residts, there were, as always, some

exceptional cases of individual vines which showed a marked

ability to transmit their individual characters to their offspring.

The selection of such prepotent plants is evidently an important

matter in plant breeding. In order to exhibit this difference we
have computed a coefficient of heredity for each parent and for

each character under study, as shown in the following table.

These computations were made from the following formula :
—

C =
crD

In this formula

C = Coefficient of heredity.

cr = Standard deviation of offspring.

D = Difference between numerical value of the parent character and

mean of the same character in the progeny.
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One very striking point in this comparison lies in the fact

that individual j^arents vary so much in the transmission of

different characters. For examjile, j^arent B stands at the head

in the transmission of the character " peas j)er pod " and at the

foot for " pods per vine." Similar lack of correspondence is

seen in many other cases. These facts, however, surprising

though they may seem at first sight, really conform to the more

modern theories of heredity, in which it is understood that dif-

ferent characters are often transmitted as independent units.

Nevertheless, some interesting observations on the other side

should not be overlooked. Parent K, for example, stands at the

head in the transmission of two of the qualities studied, and

stands second for the other two. Parent J also stands second in

the transmission of two characters. On the other hand, parent

C shows the minimum power of transmission in one character

and. stands next to the foot in two others. Parent E falls to the

minimum place in two characters, though ranking fairly high in

the other two. From these figures it would appear fair to give

K the sweepstakes prize for all-round j)reiDotency.
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THE INFLUENCE OF STOCK ON CION IN THE
GRAFTAGE OF PLUMS.

BY F. A. WAUGH.

One of the most interesting questions in the whole field of

horticulture is that of the mutual influences of stock on cion

or of cion on stock in the common practice of graftage. This

question has long been the subject of speculation and study in

the horticultural world, liut really definite results have been so

hard to secure that the whole field still presents more of doubt

than of certainty. Several years ago the writer, then connected

with the Vermont Agricultural Experiment Station, began a

series of experiments in cross-grafting plums, designed to throw

some light on these problems. These experiments have been

continued in one form or another ever since, and are still under

way in the department of horticulture, Massachusetts experi-

ment station.

In one particular experiment, begun in 1898, the comparisons

proved most convincing and instructive. In this ease five differ-

ent varieties of plums were grafted upon four different kinds of

stocks, and very distinct modifications resulted, both from the

influence of cion on stock and of stock on cion. These results

have been reported from time to time in the publications of the

Vermont experiment station.^ The trees in this experiment

were planted in orchard form on the grounds of the Vermont

experiment station, where a number of them are still standing.

Through the kind permission of the officers of that station (Di-

rector J. L. Hills and Horticulturist Wm. Stuart) the present

writer has been enabled to renew his studies on the trees still

living. During the summer of 1908 a large number of measure-

» Vermont experiment station report 13; pp. 333-354 (1900) ; 14; pp. 257-269 (1901); 15; pp.
249-260 (1902) ; IS; jip. .300-305 (1905).
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ments were made by Mr. C. S. Pomeroj, then assistant in hor-

ticulture in the Massachusetts experiment station, and these

measurements form the basis of the detailed comparisons fol-

lowing.

It will be proper to preface these notes further by saying that

the measurements herein reported are arbitrarily confined to the

one variety Milton, as grafted on (a) Americana stocks, (h)

Wayland stocks, (c) Marianna stocks, (d) peach stocks. Other

varieties cross-grafted on these same stocks showed substantially

the same modifications.

FoEM OF Leaf.

Critical examination shows that the trees were profoundly

modified in many directions by the stocks on which they were

grafted. One of the characters chosen for special study was the

form and size of the leaf. The average size of leaves, taken

from several hundred measurements, is shown in the following

table :
—

Length and Breadth of Leaves.

Length Breadth
(Millimeters). (Millimeters).

Oa Aniericaua,

On Waylacd,

On Marianna,

On peach,

.

27.20

28.22

34.02

31.56

These measurements show at once the greater relative and

positive breadth of the leaves of trees growing in Marianna

stocks.

In order to show more clearlv the variation in form,— a mod-

ification distinctly manifest to the eye,— measurements of

breadth were taken not only at the middle of each leaf, but also

at distances from the base equal to one-tenth the total leaf length

and two-tenths and three-tenths the total length. Similarly,

breadth measurements were made one-tenth, two-tenths and

three-tenths of the leaf length from the tip. The numerical

averages of these measurements need not be given here since the

results may be so much more easily understood from the graphic
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presentation in Fig. 1. Here the averages are presented as

actual leaf forms, so that each diagram shows the average form

of leaf in its respective class. Where it is understood that these

averages are taken from a large number of measurements, and

Fig. 1.

that the modifications are due, so far as can possibly be seen,

solely to the influence of the stocks on which the trees are grow-

ing, it will be manifest that a distinct addition is made to the

knowledge of this subject.

Margiistal Serrations.

Not only arc the loaves in different lots difl^erent in size and

form, but they differ also in color. This difference, though
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easily demonstrated to the naked eye, cannot be so easily meas-

ured and recorded statistically. There is also a remarkable

difference in the marginal serrations in leaves from trees on

different stocks. Tracings of typical leaf margins are compared

in Fig. 2. By measuring the length of a large number of leaf

Fig. 2.

serrations in each lot, averages have been secured which will

serve for numerical conqjarison. In order to secure these meas-

urements with reasonable accuracy the leaf margins were con-

siderably magnified. On this account the units used in the

following comparison are arbitrary and need not be regarded.

(They were approximately one-eightieth of an inch.)

Comimrison of Marginal Serrations.

Arerage.
Standard
Deviation.

On Americana,

On Waylaiid,

On Marianna,

On peach, .

38.00

35.08

31.02

34.75

9.32

8.11

5.39

6.65
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The " standard deviation " shown in the right-hand cohimn

above will be easily understood by students of i:)lant variation.

Eoughly, it may be taken as the average deviation from the

mean.

The figures show, therefore, that the marginal serrations on

Milton jilum leaves are much larger and much more variable

when Milton plum is worked on Americana stocks than when it

is worked on Wayland, Marianna or peach. On Marianna the

serrations are finest and least variable.

Now, leaf margin characters are generally taken by botanists

to be of special importance in determining species and varieties.

That is, they are thought to be relatively constant. Moreover,

leaf margin characters are of special significance in the genus

Prunus, to which all the true plums belong. These curious

modifications, therefore, due almost certainly to the influence of

the various stocks, show conclusively that such influences may

be profound and far-reaching.

Rate of Growth.

The horticulturist will be more interested in the rate of

growth than in marginal serrations. Here, also, the influences

of the various stocks are traceable. Unfortunately, our measure-

ments include only three of the stocks in the experiment, the

peach being omitted. The average annual groAvth, taken in

centimeters, together with the standard deviation, is shown

below :
—

Annual Growth.

Average
(Centimeters).

Staiiilanl Deviation
(Centimeters).

On Americana 103.45 35.62

On Wayland 106.14 56.54

On Marianna 149.30 57.90

It is seen at once that the annual growth of Milton plum on

IMarianna stocks is much greater than on Americana or Way-

land, with somewhat greater variation. These averages, with

their respective deviations, may Ik; more convincingly shown,

at least to students used to modern plant breeders' methods, by
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representing them graphically. In Fig. 3 are shown three

curves, each representing the variation in one of the lots meas-

ured for annual growth. These curves bring out more forcibly

than the arithmetical averages the remarkable diiferences in

Fig. 3.

growth between the different lots, more especially between the

trees on Marianna and those on the other two stocks.

Just in passing it may be observed that the two lots on Amer-

icana and on Wayland have behaved much alike in all respects

from the beginning, while the lot on Marianna roots has shown

the most marked changes.
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The difference in growth may be shown further by the differ-

ence in the length of internodes (or joints) in the wood. A
large number of measurements were made of the internodes of

one-year-old Avood, with the following results :
—

Length of Internodes.

standard DeTiation
(Centimeters).

On Americana,

On Wayland, .

On Marianna,

6.85

8.87

10.47

These figures show a much ranker, more vigorous growth in

trees on Marianna stocks than on the others. There is also a

greater amount of variation. The striking differences in the

growth of internodes, however, are again shown most forcibly

by representing all the measurements graphically, as is done in

Fig- 4.
_

This difference in growth comes out in every point where

measurements can be taken. For examj^le, the diameter of a

large number of branches was measured on two-year-old, on

three-year-old and on four-year-old wood. The average measure-

ments are shown below :
—

Caliper Measurements of Branches {Centimeters)
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Summary.

These studies show, by careful aud accurate measurements,

and by more thorough methods than any hitherto applied to this

subject, that distinct modifications do occur in plum trees due

Fisr. 4.

to the influence of the stocks in which they are grafted. These

influences appear to extend to all characters of leaf, twig, habit

of growth, etc. Unfortunately, the present writer has not been

able to make equally careful observations of the fruit; but in
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general terms it may be said that the fruit is modified also.

The Marianna stock in particular seems to produce the most

obvious changes in the growth of plums worked on it. In the

experiments here under observation these changes are as fol-

lows :
—

1. Broader leaves.

2. Finer marginal serrations.

3. Greater annual growth.

4. Larger internodes.

5. Greater diameter of branches.

6. Greater variability in all characters.
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CATTLE POISONING FROM ARSENATE
OF LEAD.

JAS. B. PAIGE, D.V.S.*

Ever since farmers began using arsenic componnds for the

destruction of insect pests there has been considerable discussion

as to the possibilities and probabilities of farm animals becom-

ing poisoned from eating the poisoned foliage of the sprayed

plants or the grass grown under trees that have been treated

with arsenical preparations. This discussion began with the

use of Paris green and London purple, used for the destruction

of potato bugs and codling moths, and has more recently in-

cluded the use of the many insecticides the most of which con-

tain some form of arsenic. As early as 1889 Prof, A. J. Cook

of the Michigan Agricultural Experiment Station, giving the

results of extensive experiments to test the efficiency of Paris

green, London purple and white arsenic as insecticides, in a

paper read at the meeting of the Society for the Promotion of

Agricultural Science at Toronto, says :
" Thus we have demon-

strated that the arsenites are eifective against the codling moth,

that in their use there is no danger of poisoning the fruit, and

when used properly no danger to the foliage nor to stock that

may be pastured in the orchard."

With the advent of arsenate of lead as an insecticidej in 1893,

the question arose as to the dangers to stock pastured in fields

where this insecticide had been used, or of the dangers of using

the hay from such fields.

Tn "Agriculture of Massachusetts" for 1897 Mr. A. H.
Kirkland, a scientist in the employ of the Gypsy Moth Commis-
sion of the State Board of Agriculture, reported a single ex-

periment with a horse, to determine if there was danger to ani-

• Albert L. Whiting, of the class of 1908, had charge of the animals and attended to the
feeding of the arsenate of lead while the experiment was in progress.
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mals that ate the grass taken from under trees that had been

sprayed with a strong mixture of arsenate of lead. The experi-

ment consisted in taking sufficient grass for two large feeds for

a horse and spreading' it under a pear tree that was later sprayed

with a liberal quantity of arsenate of lead, in the proportion of

20 pounds to 150 gallons of water. Not satisfied that the

amount of the mixture dripping from the tree on the grass was

sufficient to make the test conclusive, the grass was thoroughly

drenched with the mixture direct from the nozzle of the spray-

ing machine. The treated grass was fed to a 1,200 or 1,300

pound horse during the afternoon and evening of the same day

that it was sprayed. Two days later the animal was found to

be well and hearty, and reported by the teamsters to be in better

condition than before the grass had been eaten. The burning

effect of the spray upon the foliage of the pear tree proved that

there was considerable soluble arsenic present, which would

render the arsenate of lead much more poisonous to animals than

a properly prepared arsenate of lead that contained but little

soluble arsenic.

During the past two or three years, since the revival of the

gypsy moth work in the eastern part of the State, numerous

letters received at the experiment station, as well as newspaper

articles and reports from veterinarians, have suggested that

farm animals were being poisoned from the ingestion of grass

and foliage of shrubs sprayed with arsenate of lead, used in the

destruction of the gypsy moth.

To determine whether or not this was the case the experiment

station began a series of experiments in 1007 to ascertain what

effect arsenate of load would have upon cattle when given in

small doses for a long time or when given in large single doses.

The cattle used in the experiment were animals that had been

condemned as tuberculous by the inspectors of the Cattle Bureau

of the State Board of Agriculture. These were placed at the

disposal of the experiment statioii by the courtesy of Dr. Austin

Peters, Chief of the Cattle Bureau, and Avere in every instance

subjected to a careful post-mortem examination, to note the

effects of the arsenate of load and to determine whether or not

tuberculosis was present.

The arsenate of lead used in the experiment was manufac-
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tured hj the Bowker Insecticide Company of Boston, and sold

under the trade name of Disparene. Its composition, according

to John P. Street of the Connecticut Experiment Station, Bulle-

tin No. 157, September, 1907, is as follows: —
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,

Record of No. 1 {Bed Grade).

November 16, weight 600 pounds ; November 23, weight 597 pounds.

Date.
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membrane of fourth stomach thickened, infiltrated and reddened. Por-

tions of liver, kidney and spleen submitted to chemical examination

were found to contain an abundance of lead and traces of arsenic.

Becord of No. 3 {Collins Shorthorn).

December 14, weight 1,015 pounds. Dry, and not in calf.
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Animal killed June 8, 1908; autopsy at time of slaughter. Body
fairly well nourished, weight 900 pounds (estimated). No external

lesions except on prominent parts that came in contact Avith the cement

floor. About one pail full of watery material, brown in color, escaped

from mouth after death. An abundance of fat found on removal of

skin; muscle tissue red in color and well developed. On opening

abdominal cavity no alterations found. Urino-genital organs normal in

size and texture. Bladder contained about one pint of straw-colored

urine. Kidneys firm, and gross portions represented nothing abnormal.

Ureters pervious. First, second, third and fourth stomachs all con-

tained food material in abundance, consisting of well-masticated hay

and grain. First and fourth stomachs contained an abundance of

watery fluid; second stomach contained 15 to 20 shingle nails, some-

what eroded ; contents of third stomach not as dry and hard as usually

found, still sufficiently firm to retain shape when removed from organ.

Mucous membranes firm and adherent in all parts; that of the fourth

stomach slightly reddened. Intestines, both large and small, smooth and

glistening on outer portion ; walls not thickened but somewhat red-

dened. Mucous membrane firm and dark in color. Contents thin and

semifluid. Liver dark red, firm and well filled "with blood. Vessels

open. Gall bladder large and distended with one quart of dark green,

ropy bile. Bile duct pervious. Spleen firm and free from any gross

lesions. Lymi^hatics and blood vessels of the abdominal cavity showed

no abnormalities. Thoracic cavity, heart and lungs free, and pleural

surfaces smooth and glistening. Lungs light and puffy and of a dark

pink color. On manipulation six or eight hard areas, size of English

walnut, found in lung substance. On section these hard areas were

found to contain yellow caseous material, surrounded with thick Avail of

fibrous tissue. Lungs on section found filled with air. Air tracts con-

tained some frothy material. Pericardium smooth and normal in

thickness; on section found to contain one ounce of serous fluid. Heart

muscle firm and uniformly red in color. Little blood present in any of

the cavities. Bronchial and mediastinal lymph glands size of English

walnuts, hard and firm, and on section dotted throughout with yellow

areas and distinctly calcareous. Trachea and oesophagus normal.

Mouth contained about one pound of coarse, partially masticated hay,

apparently returned fi-om stomach at or shortly prior to time of death.

Tongue, teeth and throat oi-gans free from lesions.

Diagnosis: tuberculosis and slight gastro-enteritis.
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Temperature Chart of No. 3 {Collins Shorthorn).

One week, February 24 to March 1.

Date. Temperature (Degrees F.) and Time of Day. Pulse.

Feb. 24,

Feb. 25,

Feb. 26,

Feb. 27,

Feb. 28,

Feb. 29,

3Iiir. 1, .

1»08. 7 A.M.

100.3

102.3

103.2

101.0

11.30 A.M
100

4 P.M.
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Record of No. If. {Black Jersey)— Concluded.
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Record of Tuberculin Test of No. 4 {Black Jersey), May 3 and 4.
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enclosed in fibrous walls three-eighths of an inch in thickness was one

ounce of thick, yellow, creamy pus. Two post-pharyngeal lymphatic

glands enlarged to size of small orange, hard and tense, and on section

found to contain infiltration of yellow caseous material, slightly cal-

careous.

On opening the abdominal cavity but a small amount of fluid found

(one or two ounces). No foreign material or displacements observed.

Serous surface of second stomach reddened and slightly coated with

fibrinous exudate. On opening first stomach an abundance of moist,

yellowish-green food material, consisting of Avell-masticated hay and

grain, was found. Mucous membrane adherent and light in color. On
section of second stomach it was found to contain little or no food

material; the mucous membrane was moist, thickened and gelatinous,

due to an infiltration with bloody, fibrinous exudate. The third stomach

was full of ingesta, well distributed between the leaves and of normal

consistence. Mucous membrane throughout slightly thickened and red

in color. The fourth stomach somewhat distended, the serous covering

showing superficial blood vessels filled with dark blood. On section,

contents fluid and blood stained. The small intestines externally were

reddened and slightly ecchymotic. Mucous membrane injected with

dark blood, thickened and gelatinous. Intestinal contents fluid, having

the color of a mixture of chocolate and milk. The serous and mucous

surfaces of the lai'ge intestines were free from any lesions, the contents

moist and dark in color. Only a moderate amount of ingesta present.

The liver, apparently normal in size, presented a smooth, glistening

surface with well-rounded borders. The consistence was normal. The

incised surfaces were moderately dark in color, with ducts free and

open. The gall bladder contained about two ounces of liquid bile, green

in color. Gall duct per-\aous. Spleen surface smooth and glistening,

fimi to the touch. On sectioning cut sui'faces reddish brown in color,

with stroma and pulp apparently nonnal.

The kidneys were firm in consistence, with tlie capsule free and

detachable. The internal portion appeared normal, the medullary and

cortical parts distinct and unchanged. Ureters pervious. Bladder

empty and contracted. Membrane pale.

The thoracic cavity contained a few ounces of serous fluid. Lungs

not adherent to chest wall. Lung surfaces smooth and moist, free

from fibrous exudate. On palpation several small hard areas were dis-

covered scattered throughout the lung substance. On section the tissiie

was found red in color, and contained considerable quantities of dark

blood. The bronchi and bronchial tubes contained small amounts of

frothy material. The hardened portions found on palpation were

found to consist of masses of caseous material enclosed in fibrous walls.

On cutting these tumor-like masses there was evidence of calcareous

infiltration. The bronchial and mediastinal lymphatic glands were
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enlarged and streaked with yellow caseous matter, and somewhat cal-

careous.

The pericardium externally was free from evidences of inflammation

and contained one-half an ounce of serous fluid. Heart muscle firm

and red in color. The cavities of the left side contained small clots of

dai'k blood, those of the right side were empty. Valves smooth and

white. The trachea, larynx, pharynx, tongue, oral and nasal cavities

were free from lesions.

Diagnosis : tuberculosis and acute gastro-euteritis.

Chemical Ai^alyses.^

As indicated in the tabulated records, several samples of

material from different sources were collected for chemical

examination, to determine the presence or absence of either of

the essential constituents of arsenate of lead.

From cow No. 1 both urine and milk were analyzed after the

animal had received, in small daily doses, 15 grams of the

arsenate. Neither arsenic nor lead was present. It should be

noted in connection with this analysis that only a few ounces

of urine and milk were sent for examination. At the su2:a;estion

of the chemist, in the collection of all later samples larger

amounts of material were taken.

From cow No. 2 were furnished samples of tissue, consisting

of portions of the liver, kidneys and spleen. The parts from

the different organs were analyzed as a composite specimen,

which was found to contain abundance of lead and traces of

arsenic.

From cows Nos. 3 and 4 samples of milk and urine were taken

on April 22, 24 and 25. No. 3 had been receiving small doses

of the arsenate since December 11, and had taken a total of 184

grams. No. 4 supplied both milk and urine for analysis. She

had received one dose of 28.35 grams on January 18, and sev-

eral smaller doses subsequently aggregating in all 90.35 grams.

Under date of May 29, 1908, the chemist reported on the three

specimens as follows :
—

The sample of milk forwarded by you on the date of April 23, for

a lead and arsenic test, has been analyzed. Neither of these poisons

was found present in sufficient quantities to detect it by ordinary

1 These analyses were made at the experiment station laboratories by H. D. Haskins, in

charge of the Fertilizer Division.
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chemical methods. The two samples of urine also submitted for lead

and arsenic tests have been analyzed. Both of these samples showed a

reaction for lead and arsenic, but not to the extent that I had antici-

pated; only small quantities of either of these poisons were found

present. I did not attempt a quantitative determination in either case,

but should judge that the sample from the red cow (No. 3) showed the

larger amounts of both arsenic and lead.^&^

The fact that a young calf, to which large quantities of the

milk of cow No. 4 were fed, showed no symptoms of illness, is

further evidence that arsenic and lead were not present in the

milk.

Brief Summary of Symptoms.

Chronic Poisoning.— Loss of appetite, refusal of water,

purgation, with feces liquid and nearly black in color, contain-

ing an abundance of mucus and blood, the latter either disinte-

grated or in clots, suppression of urine, progressive paraplegia,

emaciation, with hair harsh and rough. There appears to be

but little disturbance of the temperature functions, the maxi-

mum reading obtained being only 103.2° E. The pulse becomes

somewhat accelerated and of a thready character, but is not

sufficiently altered to constitute an important symptom. There

is dullness of the eye and general indications of depression

when the symptoms enumerated above are most in evidence, but

with the elimination of the poison from the system there is a

gradual return of the normal body functions, as indicated by a

cessation of purgation and a return of the appetite.

Acute Poisoning. — Attack sudden, characterized by shiver-

ing, refusal of food and water, back arched, skin dry and harsh,

hair erect, abdominal pain, slight elevation of temperature,

pulse thready and increased to 55 or 60 beats per minute, respi-

rations accelerated and difficult. Following these symptoms in

quick succession is purgation, with feces abundant, watery, dark

in color and bloody. The urine is scanty and passed only at

long intervals. Paresis develops early, with the other symp-

toms, and is progressive, affecting the posterior portions of the

body most. At this stage of development of the symptoms the

head is moved about nervously, the eyeballs are retracted and

glassy, there is more or less champing of the jaws, and at irregu-

lar intervals the animal suffers from convulsions, from which it



liJOy.] PUBLIC DOCUMENT— Xo. 31. 195

falls and struggles violently. In fatal cases purgation continues,

the 23ain becomes intense, the exj)ression of the face more anx-

ious, pulse faster and weaker, paralysis more marked and the

convulsions more frequent and severe. Partial coma precedes

death. In this stage the symptoms are less urgent, and there

may be involuntary passage of urine and regurgitation of mate-

rial from the stomach.

A comparison of the symptoms of acute and chronic poisoning

with arsenate of lead with those of arsenic and lead, as given

for cattle in N'unn's " Veterinary Toxicology," indicates that

when the arsenate of lead is given the symptoms are a combina-

tion of those enumerated under both arsenic and lead poisoning.

The lesions found uj)on post-mortem examination are perhaps

to be attributed more to the action of the arsenic than the lead,

particularly so in chronic cases, in which no indications of the

fatty degenerations of chronic lead poisoning were observed.

Diagnosis. — The symptoms of arsenate of lead j^oisoning

are not sufficiently unlike those of poisoning with other similar

compounds, such as the salts of copper, antimony, zinc, etc., to

render a diagnosis probable without a previous history of the

animals having had access to the arsenate of lead in some form.

With this previous history to assist and suggest the clew, in

conjunction with the synij^toms, a correct diagnosis should 'be

made without difficulty.

The post-mortem findings are not sufficiently characteristic

to insure a positive diagnosis without recourse to a chemical

examination to prove the presence of the arsenic and lead.

Prognosis. — A careful study of the details of the experi-

ments with the five cows, already given, shows that one should

be exceedingly careful in giving a prognosis. Even in those

cases in which the drug was administered in large quantities,

and the symptoms became very urgent and pronounced, there

was a recession of them, and a return to a condition of health

after a period of convalescence of variable duration. In the

cases in which there was an administration of small quantities

of the compound for a long period of time, and a full develop-

ment of symptoms of a serious character, there was not a fatal

termination. If on account of a partial nonsusceptibility, or a

rapid elimination of the lead and arsenic from the system, death
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does not follow shortly after the full development of the symp-

toms of purgation, paresis, abdominal j^ain, etc., a favorable

prognosis may be given.

Treatment. — In these experiments no attempts were made

to discover new means of treatment, or to try those already used,

to overcome the poisonous effects of either lead or arsenic. The

appearance of the symptoms of both lead and arsenic poisoning

would indicate the use of a combination of the antidotes ordi-

narily employed in the treatment of arsenic and lead poisoning

cases, together with such means as would tend toward pre-

vention. Eor the latter, the discovery and removal of the source

of the compound is all that is necessary. In the treatment of

animals in which the symptoms are urgent, indicating acute

poisoning, administration of those things that afford mechanical

protection to the mucous membranes is indicated, such as mix-

tures composed of wheat flour, linseed meal, slippery elm, milk,

eggs, etc. To render the unabsorbed lead or arsenic contained

in the stomach insoluble or inert, sulfate of magnesia, sodium

sulphide or flowers of sulphur may be given to act upon the lead,

and peroxide of iron, dialized iron or hydrated magnesia to act

upon the arsenic. Little can be done to counteract the action of

the lead or arsenic that has already become absorbed into the

blood. The poisonous effects of that absorbed are to be counter-

acted by general treatment having a tendency to prevent heart

failure, etc. The hypodermic administration of atropine and

nitroglycerine may be employed. To hasten the elimination of

the poisons from the system, saline purgatives in small doses

and mild diuretics should be used. In those cases of chronic

poisoning, where lead has accumulated in the tissues, the admin-

istration of iodide of potassium in small, frequently repeated

doses favors the elimination of it with the bile and urine. The

paroxysms of colic should be relieved by hypodermic adminis-

tration of morphia or the oral administration of chloral.

Liahility of Poisoning.— Having demonstrated the possi-

bilities of producing poisoning in cattle by giving arsenate of

lead, the question naturally arises as to the probabilities of its

happening in localities where this substance is used in liberal

quantities as an insecticide. Manufacturers of arsenate of lead

and entomologists recommend using about 3 pounds to 100 gal-
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Ions of water for sj^raying. Mr. A. H. Kirkland has told me

that frequently, for the destruction of gypsy moths, mixtures

of 20 to 25 pounds of arsenate of lead to 100 gallons of water

are used, and that it is applied either as a spray or a stream

from the machines, depending largely upon the height of the

trees that are being sprayed. Where the moths are numerous,

and are found upon the foliage of shrubs in wood lands, these

as well as the trees are sprayed. The amount of drip from

sprayed trees depends very largely upon how the arsenate mix-

ture is applied. If applied in the form of a spray, with care,

less escapes from the foliage to the ground or grass beneath

the sprayed trees than when applied in a stream. During the

past summer the writer visited several sections in the gypsy moth

district, and observed that the foliage of shrubs under trees

that had been sprayed some weeks before still had a sufficient

amount of arsenate of lead adhering to be easily seen by the

naked eye, and was informed by one engaged in the moth work

that it adhered to the foliage so tenaciously that sufficient re-

mained after several heavy rains to kill the caterpillars.

It is at once apparent that the amount of the poison used in

spraying that will accumulate upon the grass under sprayed

trees will vary very greatly according to the method of applica-

tion, the velocity of the wind and other circumstances, and could

hardly be expected to be the same in two cases of treatment.

As stated in Bulletin No. 131 of the Colorado Experiment

Station, " Arsenical Poisoning of Fruit Trees," by Dr. Wm. P.

Headden, all of the arsenate applied to the foliage must even-

tually reach the ground, either by being washed by rains from

the leaves or carried with them when they fall from the tree.

Three sprayings in a season, using 10 gallons of a mixture of 6

pounds of the arsenate to 100 gallons of water for a tree, mean

that eventually there will find its way to the soil 1.8 pounds of

pasty lead arsenate, equivalent to .9 of a pound of dry arsenate.

A mixture of 10 pounds of arsenate of lead to 100 gallons of

water contains 45.3 grams of the arsenate to the gallon. In the

case of cow No. 1, 29 grams, administered at the rate of a gram
per day, produced violent symptoms of poisoning. With animal

No. 2, 16.5 grams, given in daily doses of one-half gram per day,

caused violent purging, loss of appetite and paresis. No. 3 took
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151 grams in 2, 3 and 4 gram doses daily before equally marked

symptoms of poisoning aj)i3eared. With Xo. 4, 28.35 grams

given at one dose in capsule at 9.45 a.m. j^roduced toxic effects

in less than twenty-four hours, from which the animal did not

recover completely for six or seven days. In the case of Xo. 5,

56.70 grams caused death in sixty-nine and one-half hours. A
study of the records of the five animals shows that frequently

Tej)eated small doses of the arsenate have the same effect in the

end as do large non-fatal doses given at one time. In feeding the

lead arsenate j^aste it was found necessary to adoj^t every con-

ceivable means to induce the cows to take it after a few doses

had been given. At first when mixed with the hav or e;rain it

was readily eaten, but after a short time the animals would care-

fully separate every j^article of the paste from the hay or grain

and leave it uneaten. It was for this reason that it was found

necessary to conceal it in capsules enclosed in pieces of roots

to insure its being eaten. "When the hay that had been drenched

with 1 and 2 ounces of lead arsenate in water was allowed to

"become thoroughly dried, it was readilv eaten bv the cows that

Lad previously refused the fresh paste, even when thoroughly

mixed with hay and grain, or enclosed without capsule inside

of pieces of roots and apples. The fresh arsenate had an odor

of acetic acid that was not noticeable in that contained in the

dried hay.

To determine approximately how much hay would become

covered with the drip in the spraying of a medium-sized tree

the grass was cut on an area 35 feet in diameter under a tree

near the veterinary hospital, thoroughly hayed and weighed.

It was a moderately heavy growth of herds grass and weighed

when dried 50 pounds. Allowing for a drip of 1 gallon in 10

of a mixture of 10 pounds of the arsenate to 100 gallons of

water, each 10 pounds of the total of 50 would carry 9.06 grams

of the arsenate j)aste, or practically one-half of that amount of

the dried arsenate.

It would hardly be expected, taking into consideration the

results obtained by feeding carefully weighed amounts of the

arsenate, that a 10-pound feed of such hay would produce serious

effects, but the continuous feeding of it for several days in suc-

cession would certainly do so, and judging from the experience
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had in the feeding of treated hay animals would eat sufficient to

cause fatal poisoning.

Susceptibility. — In so far as it was possible to ascertain

there did not appear to be among the animals used in the experi-

ment an individual susceptibility to the action of the poison.

In some of the cows more was required to produce toxic effects

than in others, but this seems to be accounted for more on the

ground of weight and vigor than on that of individual suscep-

tibility.

It is of interest to note in this connection the effect of arsenic

or lead on the different species of farm animals. Nunn, quot-

ing Kaufmann, gives the toxic dose of arsenic for each of the

domestic animals, when administered by the mouth, as fol-

lows :
—
Horse,

Ox,

Sheep,

Dog,

Pig,

Fowl,

Pigeon,

10 to
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THE PERIODICAL CICADA IN
MASSACHUSETTS.

BY C. W. HOOKER.

The old order of cicada includes some five hundred members,

and of these North America has her full share, more than one

hundred being represented. Four species are commonly found

in Massachusetts: Cicada septendecim L., the periodical cicada,

or seventeen-jear locust; Cicada canicularis Harr., the dogday

harvest fly; Cicada sayi and Cicada linnei. Recent investiga-

tion by Smith and Grossbeck has shown that what have been

called Cicada pruinosa Say and Cicada iihicen L. are really

two altogether different species, which they have named Cicada

sayi and Cicada linnei. Two others, Cicada rimosa Say and

Cicada (Tettigia) hieroglyphica Say, also occur in Massachu-

setts, but are not common. Cicada septendecim L. comes every

seventeen years about the first of June, while the rest are seen

every year, Cicada canicularis coming with the beginning of

dogdays, Cicada linnei a little later and Cicada sayi in August.

The periodical cicada— Cicada septendecim L. — is pecul-

iarly colored and may be easily recognized. The eyes, legs and

larger veins of the wings are of a peculiar reddish-yellow or

orange color, the abdomen is marked with bands of the same

color, and the rest of the body is jet black. The other cicadas

of Massachusetts have in common a general greenish-brown color

above and whitish below, but can be readily distinguished by

the descriptions of Smith and Grossbeck in " Entomological

News" (April, 1907, pp. 116-129).

The periodical cicada is known to occur quite generally

through all that part of the United States east of the Rocky

Mountains. None have been taken in Maine or New Hamp-

shire, and only two occurrences are recorded in Vermont. There

is a specimen, however, in the collection of the Massachusetts
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Agricultural College which is labelled Orono (Me.), in the

handwriting of Prof. C. H. Fernald; but Professor Fernald

has no recollection of it, and is of the opinion that it probably

came from some other place, for this would be the only known

case of its occurrence in that State. The rest of New England

has parts of several well-defined broods which are more or less

important. There are now, in all, according to the latest enu-

meration— Marlatt— thirty broods,— seventeen seventeen-

year broods, with a general northern distribution, and thirteen

thirteen-vear broods, which occur in the southern States.

Massachusetts has the honor, or misfortune, of possessing the

earliest known record— 1633— of the occurrence of the period-

ical cicada. Yet even then the Indians were well acquainted

with this periodical visitor, using it as food, and it has probably

been used in like manner for centuries. Massachusetts is

credited with four broods, and a fifth, just beyond the south-

western boundary, from which members have probably entered

the State, though none have been actually reported. These can

be easily located from the following table :
—

Marlatt
Numbers.
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soon after the arrival of settlers, arousing considerable fear and

apprehension.

The following acconnt is given in Nathaniel Moreton's " New
England's Menioriall," and the facts as given are corroborated

by Governor Bradford, Eev. Wm. Hubbard and Mr. Prince, in

Prince's " Annual." Speaking of a sickness which broke out

in and near Plymouth in Massachusetts in 1633, he says: "It

is to be observed that the Spring before this Sickness, there was

a numerous company of Flies, which were like for bigness unto

Wasps or Bumble-bees, They come out of little holes in the

ground and did eat up all the green things, and made such a

constant yelling noise as made all the woods ring of them, and

ready to deaf the hearers; they were not any of them heard or

seen by the English in the Country beforfe this time. But the

Indians told them that sickness would follow and so it did, very

hot in the months of June, July and August of that Summer,"

viz., 1633. He says: "Toward Winter the sickness ceased,"

and that it was " a kind of a pestilent Fever."

How widely this brood was distributed at this time cannot

be stated, but careful study of more recent appearances shows

that this, like most other broods, is slowly but surely decreasing

in size. At present it is the.largest in Massachusetts, and seems

to have held its ground most successfully; this may be due to

the more favorable natural conditions of the country it occupies.

The brood is, generally speaking, shut into the western part of

Barnstable County,— on the west by the neck at Buzzards Bay

and Sandwich, and on the east by the neck at Barnstable harbor

and Yarmouth. Most of the brood is enclosed within these two

bounds, but with a little overflow on each side. On the west

this overflow extends as far as Manomet Point and Cook's Pond.

In 180-1 the brood appeared in great numbers lyo miles west of

Plymouth, but no further record of this part of the brood can

be found, and it probably soon died out. On the eastern side

the overflow extends at least into Dennis,

The brood made its last appearance in 1906. In order to

ascertain the exact distribution and abundance of this brood.

Dr. H. T. Fernald, through the co-operation of the State Board

of Agriculture, sent circulars to each town where the cicada

might be expected to appear, and from the information received
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in this way, and from other sources, the following statement has

been prepared :
—

Places.
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northwest in Ohio, embracing the southwestern corner of the State and

the northwestern portion of Kentucky, and then upward through south-

western Indiana, ending in central Illinois.

1849. (Riley, XX.) Brood VIII.

Dukes. 1017.

' Occurrence.

Martha's Vineyard : 15 square miles of Central Plains, 1833 to 1900.

This is one of the smallest broods and covers a quite compact

territory, the greater part of which lies in central and western

Pennsylvania and eastern Ohio, with a few localities in north-

ern West Virginia and southwestern New York. Two widely

separated swarms listed from Illinois and South Carolina are

extremely doubtful, and both are j)i'obably based on confusion

of some of the annual species with the periodical cicadas. The

'

Massachusetts part of this brood, occurring in Dukes, is also

widely separated, but is fully established and has been well

recorded since the time of Harris. Dr. Harris records their

first appearance in Martha's Vineyard in 1833, while Smith's

" Register " gives the next in 1819, and Geo. H. Luce of West

Tisbury, Mass., states that they were there in 1849-66-83 and

1900. In the "American Naturalist," October, 1883, G. E.

Bessey writes :
—

While driving across " the plains " of the central part of Martha's

Vineyard, in the last few days of June of this year, I observed large

numbers of the periodical cicadas. The serub-oaks, which here cover the

whole ground, were literally alive with them. The insects were confined

to a narrow belt, not exceeding half or three-quarters of a mile in width

and of unknown length.^&'

At its last appearance, in 1900, it seemed desirable to ascer-

tain the accuracy of previous observations and learn whether

this isolated colony was holding its own. Through the kindness

of Mr. Luce it was learned that " the brood was a well-known

one and as much in evidence as ever. They were quite numer-

ous, but seemed to confine themselves to a district known as the

plains district, — a tract of land covered with scrub-oak and very

lightly wooded. They could be heard more than a mile, making



190<).] PUBLIC DOCUMENT— No. 31. 205

a peculiar sound. As near as I could ascertain they covered

about 15 square miles of territory. . . . By good evidence they

were here in 1849. One old man said within his lifetime he

had seen them five times."

The first recorded occurrence of this brood in 1833, by Dr.

Harris, was evidently a case of retardation in development, due

probably to unfavorable weather, for they should have appeared

one year earlier, in 1832. It seems strange that this swarm in

Dukes should be part of a brood whose nearest occurrence is in

central Pennsylvania, while brood XI Y., in Barnstable and

Plymouth counties, is only about 41/0 miles away, across Vine-

yard Sound. At their (brood XIV.) last occurrence, in 1906,

the cicadas were very numerous at Falmouth, which is just

across from Martha's Vinevard, and with a favorable wind it

would seem as though the passage might easily be made. On
inquiry, however, it was found that no cicadas appeared on the

island in 1906.

1852. (Riley, I.) BnooD XL

Bristol, Franklin, Hampshire. 1920.

Occurrence.

Massachusetts: Hadley, 1818; Westfiekl, 1835; Deerfield, Freetown

(near Fall River), 1767, 1784, 1801, 1818, 1835, 1852, 1869.

Connecticut: Glastonbury, 1818, 1835, 1852; Suffield, 1818, 1869,

1886.

Rhode Island: Coventry, East Greenwich, Washington, 1869, 1886,

1903.

This is a small brood, formerly limited, for the most part, to

the valley of the Connecticut River in Massachusetts and Con-

necticut, with one colony in the vicinity of Fall River and an-

other near Coventry, R. L, separated from the main swarm.

The "Boston Magazine " records the appearance of this brood

in Bristol County in 1784, while Dr. Fitch reports it as having

occurred in Iladley in 1818 and at Westfield in 1835. It was

reported from Deerfield and Bristol County by Dr. Smith from

1767 to 1853, and the genuineness of the brood was fully estab-

lished in 1867. It is evident that the brood had once a wide

distribution, for in the " American Journal of Arts and

Sciences " for 1862, Vol. 33, we read: " That part of our State
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— Connecticut— which lies east of the Connecticut River has

a different period from the western side. On the 22d of June,

1835, while traveling through Tolland County, Conn., in a

stage coach, I passed through woods swarming with this Cicada

septendecim/' Also in Alonzo B. Chapin's " History of Glas-

tonbury " we read of their occurrence in Glastonbury in 1818,

1835 and 1852. This is the most southern j^oint in the Con-

necticut valley at which this brood has been reported. With the

exception of the swarm at Suffield, Conn., no record can be found

of the appearance of this brood in the Connecticut valley since

1852, and none in the Massachusetts part since 1835. Mr. Geo.

Dimmock, who has made a special study of the swarm at Suf-

field, says that " These cicadas, of which there are records going

back about a century, seem to be dying out. In 1869 they were

so abundant that small bushes and underbrush of the rather

sparse woods in which they occur were weighted down by them."

In 1886 and 1903 he was unable to visit that region, but " was

informed that very few of the insects appeared in 1886, and

none in 1903."

The Bristol County swarm was observed at Freetown, near

Fall River, in 1818, 1835, 1852 and 1869. " In 1818 they were

very numerous, in 1852 still less, and in 1869 were quite scat-

tering as compared with 1818." Since which time there is no

record of their appearance.

In Rhode Island there seem to have been three visitations of

this brood; in 1869, 1868 and certainly in 1903, when they

were very abundant. It appeared near Coventry, East Green-

wich and Washington, in isolated places, but not continuously

over an extensive area. As far as we know this brood was most

widely distributed in 1818, when it extended from Iladley,

Mass., to Glastonbury, Conn., with a widely separated swarm

at Fall River. Since then there has been a steady decrease of

numbers, due probably to the cutting off of wooded lowlands

and the extension of cultivated land. In 1869 they appeared

only at Fall River, Mass., SufReld, Conn., and near Coventry,

East Greenwich and Washington, R. I.

In 1903 the only occurrence of this brood was near Coventry,

R. I., none being found in Massachusetts or Connecticut,
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though close watch was kept. From this it wonhl seem that the

brood had died out in Massachusetts, but careful watch should

be kept at the next occurrence, in 1920.

1851. (Riley, XXII.) Brood X.

Bristol. 1919.

Occurrence.

Rutland, Vt., 1851, 1868; Bristol County, Mass., 1834.

This is the largest brood of the seventeen-year broods, and

equals, if not exceeds, in extent the largest thirteen-year brood,

— brood IX. Its representation in Massachusetts, however, is,

if authentic and still active,— which is very doubtful, — small

and of no importance. The brood has been well recorded in the

east from 1715 to 1902, the date of its last appearance. It

occurs from Alabama and Wisconsin to jMassachusetts, in greater

or less numbers, and in 1851 and 1868 aj^peared at Rutland,

Vt. According to Dr. Fitch, " What appears to be a detached

branch of this brood occurs in the southeastern part of Massa-

chusetts." It is probable, however, that there was some mistake

about this occurrence.

1843. (Riley, XII.) Brood II.

New York and Connecticut near Massachusetts State Line. 1911.

Occurrence.

New York: Copake, 1877; Hillsdale (millions), 1894.

Connecticut: New Haven, 1724, 1894; Southington, 1894; New
Britain, 1894; Farmington, 1894; Winsted, 1894.

This is one of the best-recorded broods, being distributed

from New York and Connecticut to North Carolina, with iso-

lated swarms in Indiana and Michigan. While no colony of

this brood has been reported in Massachusetts, they come so

close to the State line on the southwest that stragglers, at least,

must have crossed into Massachusetts. At Copake, and espe-

cially at Hillsdale, N. Y,, in 1894, there were vigorous colonies

within 11/4 miles of onr State line, while in Connecticut, at

Winsted, they came within 7 miles. Careful inquiry from the
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Massaelinsctts towns along the southwestern boundary failed to

bring out any appearance in this State. This was probably

because only scattered members crossed into Massachusetts, and

these, if recognized as cicadas, were probably confused with the

annual species. That part of the State is also quite moun-

tainous, and the cicadas would tend to go around rather than

over the mountains, for as a rule they prefer the lowlands. In

New York they are scattered down both banks of the Hudson

below Troy, and in Connecticut, cast as far as the Connecticut

Eiver. Professor Potter records their first occurrence in New
Haven, (^nn., in 1724, and since then they have occurred regu-

larly every seventeen years. According to Lintner :
—

At its last appearance, in lcS94, it was disti'ibnted throughout the

Hudson valley below Troy, and especially at Hillsdale, near our State

line, where millions Avere foiind. In Connecticut it was reported from

the vicinity of New Haven, at Easthaven, near Lake Saltonstall, at

Southins^ton, New Britain, Farming-ton and Winsted, thus extending its

range north nearly across the State of Massachusetts line. It doubt-

less occurred north of this locality, but no account of its appearance

was received.
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