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INTRODUCTION. 

Heretofore feeds and labor have been so abundant and have been 
available at such moderate prices that close calculation in tieir use 
has been unnecessary. The present war has caused the American 
farmer to make a closer study of the economics of the national feed 
situation than ever before. Ifa large part of the corn, wheat, barley, 
and similar carbonaceous grains must be saved for human consump- 
tion, then farmers who raise and fatten live stock will have to prac- 
tice stricter economy in their feeding operations. 

The hog is a heavy and promiscuous feeder. He is not a ranger 
and does not thrive on pasture alone. The grain fed to swine, how- 
ever, can be reduced greatly by. making wider use of nitrogenous 
feeds. Since the feeding stuffs of high protein content are already 
in great demand, now is the time to call upon the reserve supply of 
protein furnished by waste fish and by the waste from fish-canning 
industries. Many years ago attention was called to the possibilities of 
fish meal as a feeding stuff, both in this country and abroad, and it is 
indeed surprising that its use as a feed for stock has not been fostered 
in this country. 

17The fish meal used in these experiments was made under the direction of Dr. F. C. 

Weber, Chemist in Charge, Animal Physiological Chemical Laboratory, Bureau of Chem- 

istry. Acknowledgment is here made for his interest and cooperation, which made the 

experiments with fish meal possible. 
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Fish meal and fish scrap, or “ pomace,” are similar in composition, 
the former, however, being prepared for use as a feeding stuff and the 
latter as a fertilizer. In the manufacture of fertilizer the object is” 
merely to produce a material that contains one or more of the follow- 
ing necessary constituents: Nitrogen, phosphate, or potash. In the 

case of fish meal, being a feed stuff, the material from which it is 
made must be fresh, wholesome, and nutritious, and greater care must 
be taken in the manufacture. 

The Norwegian Government in 1892 conducted a series of feeding 
experiments with fish meal and obtained very favorable results. 
Since then the merits of fish meal have been more and more appreci- 
ated in Germany, especially as a feeding stuff for pigs. For some 
years prior to the present war Germany not only used up all it could 
produce, but took all that England and Norway had to offer. In the 
United States fish meal as a feeding stuff has been nneeioteds in spite 
of the proof of its value. 

USE OF FISH MEAL IN THE UNITED STATES. 

The amount of fish meal used for feeding purposes in this country 
is so small compared with other materials used as feeding stuff 
that it is hardly worth mentioning. Although of great use as a 
fertilizer, the product is clearly of more value to the country as 
a feeding stuff. English experiments have shown that the oil, which 

in many samples of fish meal ranges from 7 to 10 per cent, is 
distinctly disadvantageous in preventing the manure from rotting 
in the soil and yielding up its nitrogen to the crop. The oil itself 
contributes nothing to the value of the manure and is simply wasted 
when applied to the Jand. There is every reason to favor the view 
that fish meal should not be spread on the land until it has been 
passed through the digestive apparatus of farm stock. 

Very little has been done to bring the value of fish meal before the 
agriculturist in this country. It is to be regretted that the American 
farmer has not been brought to appreciate the true value of fish meal. 

Probably one of the reasons for fish meal having been thus neg- 

lected is the impression that if it is used in the feeding of animals, 
their flesh will become tainted. This belief is entirely unwarranted, 
as shown by German, English, and American experiments, and will 
be pointed out later in connection with our own experiments. If, as 
reported, some farmers who have tried it have not found fish meal 

satisfactory as a feeding stuff, it is because they have not used it 
with understanding. Fish meal is very similar to packing-house 
tankage in composition and can be fed in exactly the same propor- 
tions. If moderate proportions are fed in combination with carbo- 

naceous feeds, its efficiency as a feeding stuff soon will become 
apparent. 
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FEEDING EXPERIMENTS WITH PIGS. 

Two feeding trials were conducted at the Bureau of Animal Indus- 
try Experimental Farm, Beltsville, Md., to determine the value of 
fish meal as a feed for pigs. 

1. COMPARISON OF FISH MEAL AND TANKAGE AS SUPPLEMENTARY FEEDS. 

The first experiment was conducted to determine the comparative 
values of fish meal and tankage as supplements in a ration for grow- 
ing and fattening pigs. The pigs used in this work were grade Berk- 
shires, averaging 52.3 pounds per head when the experiment started. 
They were as uniform in size, age, and breeding as it was possible 
to obtain. | 

The guaranteed analysis of the tankage was: 
Per cent. 

T EOURORU IES 2 01S De A LS VE 2 SS pe ek ae pl cana a ae 60 

NTE lies Aaa a ee Baer MECN Te ok ORT eS Sn Bees 8 

PROS PM OTIC al CLO eee heaton ae Se eee iy ee ee 8 

Cruidemiih era. ss a ee a ee 3 

The analysis of fish meal was: 

AYE 2 PEN aE as ee a ee Oe ne ee Se eae ee 6. 36 

Gey peek coe ek Saaksrkos ity Sr eease yo Satter DR ee ee 15. 34 

ETOLeIny GN eG 20) oa se Hieok 

se aati as ae i ee Ae te i Ed BAT a ee a eh Bt ae ati 16. 52 

LOR VG tere gery h yore MARE 6 pares ie Ce a Oe ee Re REE SS ESS EE SS Be eed) 4.47 

The feeding period was divided into two parts: First, a growing 
period of 112 days from weaning up to fattening age, starting Janu- 

-ary 19, 1915, and ending May 11, 1915; second, a fattening period of 
about one month, starting May 11, 1915, and ending June 8, 1915. 
The pigs at this date averaged a little more than 250 pounds and 
were sold. During the first period the pigs were divided into two 

lots of 8 and 4; during the second, or fattening, period they were 
divided into three lots of 4. Details and results of the feeding are 
given below. | 

RESULTS DURING THE GROWING PERIOD. 

The pigs, which were all in good, thrifty, growing condition, 

were about 3 months of age at the beginning of the experiment, 
and in order to accustom them to their surroundings they were fed 
in dry lot from the time they were weaned until the experiment 
was begun. The pigs in both lots were so fed that all the feed, which 
was in the form of a thin slop, was cleaned up at each feeding, 
thereby insuring a sharp appetite at the next feeding time. There 
was no trouble whatever in getting the pigs to eat the ration contain- 
‘ing fish meal. | 
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Summary of results during growing period, Jan. 19, 1915, to May 11, 1915 
(112 days). 

Lot 1. Ration: 4 parts corn meal, 4 parts middlings, 1 part tankage: 

Duration, of experiment... — £24 - i ee eee days__ 112 

Pigs U0 oe 6 eae a Se See ee eee number-__ 8 

Average first weight} 2222-222) =e See See ae pounds__ 51.37 

Average fina] weight. 22 55 ==. So ee eee ee eee eee O22 £3 1 Oi 50 

Average gain per pig ------------_ pe ees a ae oP Lt 02227 140s 

Daily SAd ner Db acces ti hk Pe ca 3 en ct in a a dom 1. 25: 

Totals erain, fedis-=—-. coe a Nae do____ 4, 060. 5 
Average erain eaten per ple Gaily 2-2 = ae eee Goeu 4. 53: 

Gram per. 100° pounds gain 2222s eee eee 0 (ne 362 

Lot 2. Ration: 4 parts corn meal, 4 parts middlings, 1 part fish meal: 

Duration’ of experiments x. luis oye Ghie pps eee b ripe days_-_ 112 

Pigs toe seed 2s 8 Se ae ee ee ee number__ 4 
Average first) weight... 3-52 se ee eg pounds... 54.25 

Averace final weizht= 22. Se Soe ee ee eee dos = 2201S 50. 

AVeracé.- Fain per Pigs Sis 52s 20 a ee ee ee ee do. 149525 

1D Ew 8 eet 1 0 Mah 9) wy 0 ge a SS cA Uw ele dose © RST 

Totalerain fed 222 2 Sh See ee es ee ae eee ee ee OOS may ASS 

Average. crain: eaten per, pigedallys2 ose == ae eee doz—s= 4. 80 

Grain: per 100 poundsseainS 2. Sse ea ee ek ee ee ee Q0L=22 365 

During the growing period Lot 2, fed corn meal, middlings, and 
fish meal, made a greater daily gain than Lot 1, receiving the tankage 
supplement. The lot receiving the fish-meal supplement consumed 
122.3 pounds more feed and gained a total of 28.5 pounds more in 
weight than did an equal number of Lot 1 receiving tankage. At the 
close of the growing period the average weight of the pigs fed fish 
meal was 201.5 pounds and that for the pigs getting the tankage 
supplement was 191.5 pounds, a difference of 10 pounds. From ob- 
servation no difference could be noted between the two lots with re- 
spect to growth or general development. This would indicate that 
one ration was not particularly superior to the other in meeting re- 
quirements for growth in pigs. 

RESULTS DURING THE FINISHING PERIOD. 

The same 12 pigs were used for the second period and were divided 
into three lots and fed as follows: 

Lot 3, composed of the same 4 pigs as Lot 2 in the growing period, 
was continued on the same ration, namely, 4 parts of corn meal, 4 
parts of middlings, and 1 part of fish meal. 

Lot 4, composed of 4 pigs from Lot 1, was fed a ration of 9 parts 
of corn meal and 1 part of fish meal. 

Lot 5, composed of the remaining 4 pigs from Lot 1, was fed a 
ration of 9 parts of corn meal and 1 part of tankage. 
Many farmers feed the same ration for both the growing and 

fattening periods, and the intention was to carry out this scheme 
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with this lot of hogs in order to determine the advisability of the 
practice. 

Summary of results during fattening period, May 11, 1915, to June 8, 1915 
(28 days). 

Lot 3. Ration: 4 parts corn meal, 4 parts middlings, 1 part fish meal. 

DUE TOR MOL CXpPOrMNeC Gee te se. bee tek ee ek days... 28 

Ia ERS ee are i es Ro es Nas Me ee eS ee ae ad number__ 4 

PVCLACCMIEST EWWCLEI fh 2 Seen See eee ee eed OS pounds__ 201.5 

Average! inulhweilsht A. —- 22 tO Se es a dp 21-255; 25 

Average jcain iper “pig_223- = 24 So5 wg ----------------- do0.2. +, bBasb 

Daly raanwner pig. Stet sk 2 te eee Ee ee Got. ais OF 

POca er inet COs 8S a2 Ped Fe oe Ee es ee do____ 903. 00 

AVveracercrainred ten) per. pie daily =. 2 Se ee dok==_ 265 0G 

EGramoper LOO -POUndSe Sa ie: as ee) He ses oe ee do___. 421.00 

Lot 4. Ration: 9 parts corn meal, 1 part fish meal. : 

Duration sof experiment: seca ioe 0, Piven he bem euig ee Bee ae he days_. 28 

I ee wa EI see el ae ee number__ 4 

VCE R ZC. TESE™ WIS be ne Shoe One SR ee ee 2 =e pounds__ 191.5 

AVORASE ST Wels WG se iS Bia ee et ee doses: “251s tS 

ANELACE. E2IN Per” Pls see ae oe oe a ee Ae EN PEACE ne do 460225 

Dithyt eam per Upig Ise I yl ee ot) eee eth Bp ay Gates. 2ai1G6 

TOLMIESE AME TeGe Fas prone terseres basen a) ey, ee see do___. 956. 00 

AVGEASereTAINeeAten per pis daily. = f= = a Se ee ee Gos 275 O70 54 

Gramuper 100 peowinds 0 Bia eno ae Se Ee hk G02] fa9an00 

Lot 5. Ration: 9 parts corn meal, 1 part tankage. 

MUEAOn: Ol CXPerimMent= 24 25.) Ble oS a Sa See days____ 28 

| SES pcan AR (5 5 LGN We eI SE 97s ge Es ot oc | number__ 4 

ARVeTASerHIESE Wee 222 8 Aas ee Se pounds__ 192. 00 

ANMERAS Eola sWele MGs = een) ee A oe ee es do____ 248.00 

INVER ETS ANNO Pilot =e Bot Bo bo py ns Be do__-_.-.. 54. 00 

PRR OEE U Ee WOT eT tee st a eee eee do. 2200 

OTT eo) US on (ECD Re AEN ESI SPE Sa re Sew ee at eniete eer eye nla pe do... 910. 00 

AVerace orain eaten per pig daily2u. 20 ee Gof 2a Saabs 

Gram per106: pounds: ain’ 4) 7 ee es tee do____ 462. 00 

_ The lot fed corn meal, middlings, and fish meal during the finish- 
ing period did not consume as much feed as the lot fed corn meal 
and fish meal or the lot fed corn meal and tankage. The lot fed 9 
parts of corn meal and 1 part of fish meal made a better showing 
than either of the other lots in the rate of gain and pounds of feed 
fed per 100 pounds gain. 

2. FISH MEAL AS A SUPPLEMENT TO DRIED POTATO. 

The second experiment was conducted primarily to determine the 
value of dried pressed potato in a ration for fattening hogs when 
supplemented by feeds rich in protein. The results show con- 
clusively that fish meal is an outstanding protein supplement to feed 
along with potatoes. 



Gi BULLETIN 610, U. S. DEPARTMENT OF AGRICULTURE. 

This experiment was started September 12, 1916, and continued 56 

days, ending November 7, 1916. Twelve high-grade Berkshire pigs 
between 5 and 6 months of age, averaging approximately 150 pounds 

in weight, were used in this work. Those selected were very uniform 
in age, quality, breeding, and weight. The pigs were taken off pas- 
ture and put in the dry lot a week before the experiment proper 
began. They were confined in a permanent hog house and arranged 
into 4 lots of 8 pigs each. The pens used for each lot measure 6 
feet by 74 feet, and have cork-brick floors. Attached to these pens 

are outside runs of concrete ¢ feet by 39 feet. Prior to the experi- 
ment the pigs were fed a ration of 5 parts corn meal, 4 parts 
middlings, and 1 part tankage. The experimental rations were as 
follows: . 

Lot 1 (check lot), 6 parts corn meal, 1 part tankage. 
Lot 2, 6 parts dried pressed potato, 1 part tankage. 
Lot 3, 6 parts dried pressed potato, 1 part linseed oil meal (old 

process). 
Lot 4, 6 parts dried pressed potato, 1 part fish meal. 
Following are the analyses of the dried pressed potato rations as 

made by the Bureau of Chemistry, Department of Agriculture: 

Analyses of dried pressed potato ration. 

: : Ether . Crude Nitrogene 
Ration. Moisture. Ash. ertniees Protein. aS) See 

Ss lb | |__| 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
11. 83 3.04 0.80 11.03 2.29 Dried pressed potato and tankage......... 71.01 

Dried pressed potato and oil meal......... 11.91 1.65 . 67 5. 96 2. 98 76. 83 
Dried pressed potato and fish meal........ 10. 96 4.04 2. 87 | 13.09 1.85 67.19 

The lots were fed three times daily (7 a. m., 11.30 a. m., and 4.30 

p. m.). For each meal the feed for each lot was weighed and put 
into a bucket with enough water to make a thick slop. The feed 
was mixed with water one-half hour before feeding, so as to allow 
it to soak. Just after the feed was mixed live steam was turned into 
each bucket of feed for a few minutes to facilitate soaking. A 
fresh supply of water was given to the pigs about the middle of the 
forenoon. The hogs were weighed on the scales located inside the 
permanent hog house; the weighing was done about 9.30 a.m. Indi- 
vidual weights were taken for three consecutive days (one day pre- 
vious to the beginning of the experiment and each of the first two 
days of the experiment). The average of the three weights was 
taken as the weight of the second day or the beginning of the experi- 
ment. Individual weights were taken every Tuesday thereafter 
until the conclusion of the experiment. 
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RESULTS OF THE FEEDING. 
= 

The pigs in all the lots ate well and regularly and not one of 
them went off feed during the test. Small quantities of feed were 
left in the troughs after feeding time, but this was due to the fact 
that the pigs were required to eat a little more than they conveniently 
could handle. Dried pressed potato is rather bulky, and it is diffi- 
cult to determine the amount that will be cleaned up by the pigs 
at one feed. All the pigs in the experiment were fed 2 pounds of 
feed per head per day at the beginning of the test. This, of course, 
was a very small quantity for 150-pound pigs, but they were given 
this small portion at first because by gradually starting pigs on a feed 
the appetite is kept keen and the chances of going off feed are very 
much lessened. The pigs also are better enabled to cultivate an 
appetite for a new feed. 

Summary of results, fattening period, September 12 to November 7, 1916 
(56 days). 

t2% Lot 3, Lot 4, 
Lot 1, 6 parts 6 parts 6 parts 
6 parts dried dried dried 

corn meal,| pressed pressed pressed 
1 part potato, potato potato, 

tankage. | 1 part 1 part 1 part 
tankage. oil meal. | fish meal.. 

ING DerOl pigs aoe oc ons oeeieel sins Sissi Sesinlsl «sin owners aicrete 3 3 3 H 3 
Average first weight... . 2002. 0.0..c.c00 32.0058 pounds.. 153. 33 153. 33 150. 00 | 154.33 
Average final weight.............-..-.-.-.------- Gowers 242 198. 33 206. 33 | 228. 66 
Average gain per pig..:....-.-------0.--00e0----- dou-ke 87.77 45. 00 51.33 74. 33 
Average daily gain...............-.--..---------- doze-e 1.57 . 80 91 1532 
Rotalferamuleds sass sao5 ES Ses £22 de sai. SE doxsse 1,072 939 900. 5 956. 5 
Pounds fed per 100 pounds gain. ..............--. @0z ex. 403 695 584 428 
Daily feed per 100 pounds, live weight.. Besa LOR ees 3. 23 3.16 2.93 2.91 
AV er ape dally eed: masemiaee saeco closes ciaieie = dors. 6.4 5.5 5.3 5.7 

All the pigs were in good, thrifty, growing condition at the begin- 
ning, and were maintained in good condition and health during the 
progress of the experiment. A study of the table will show that 
Lot 1 (check) excelled all the other lots with respect to rate of 
gains, amount of feed consumed to produce 100 pounds of gain, and. 
the average final weight. This lot of pigs was the largest and 
growthiest in the experiment. They were heavy feeders and re- 
turned good gains for the amount of feed consumed. 

The lot receiving dried pressed potato and fish meal (Lot 4) Was a 
very close second to the check lot. The figures, however, show 

greater advantages in favor of the check lot than one could detect 
with the eye. Both these lots maintained good condition throughout 
the experiment and carried a very high degree of finish. There was 
a difference of 13 pounds per hog in favor of the check lot at the 
close of the test. The pigs in Lot 4 were evidently as heavy feeders 
as those in the check lot, but it is impossible for pigs to consume 
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very large amounts of the dried pressed potato on account of the 
bulkiness of this feed. The pigs receiving dried pressed potato and 
fish meal consumed a daily ration of 5.7 pounds, made a daily gain 
of 1.32 pounds, and required 428 pounds of feed to produce 100 
pounds of gain. 

The pigs in Lot 3, receiving dried pressed potato and oil meal, 
consumed less feed than any other lot in the experiment. From 
this, one might infer that the ration was the least palatable and 
least efficient of any of the rations fed. This, however, is not true, 
because the pigs in Lot 2, receiving dried pressed potato and tank- 
age, ate more feed than Lot 3, although they made smaller gains. This 
tends to prove that the potato ration containing oil meal is more 
efficient in producing gains than the potato ration containing tank- 
age, although the pigs ate less of the potato and oil-meal feed. The 
pigs in Lot 8 had a higher degree of finish than the potato and 
tankage pigs (Lot 2), but they were not equal to the potato and fish- 
meal pigs in this respect. The pigs in Lot 3 consumed a daily ration 
of 5.8 pounds, made a daily gain of 0.91 pound, and required 584 
pounds of feed to produce 100 pounds of gain. 

The pigs in lot 2, which were fed dried pressed potato and tankage, 
consumed enough feed to put them in higher condition than they 
had at the close of the feeding test. The showing that these pigs 
made can not be called poor, but it is evident that tankage is not as 
efficient as a protein supplement to use with dried pressed potato 
as fish meal or even old-process linseed-oil meal. The pigs in lot 2 
returned a smaller amount of gain for the amount of feed consumed 
than any other lot in the experiment. These pigs consumed an aver- 
age daily ration of 5.5 pounds, made an average daily gain of 0.80 
of a pound, and required 695 pounds of feed to put on 100 pounds of 
gain. 

CARCASS TEST. 

At the close of both these experiments the heaviest hog was se- 
lected from each lot and slaughtered on the farm to determine the 
quality of flesh and fat and the degree of finish. The carcasses were 
divided into regular meat cuts in as nearly uniform a manner as 
possible. The fresh pork from each hog was eaten by individuals 
who were ignorant of the feed that the hogs received, in order to 
test the flavor and cooking qualities of the meat. The lard fat was 
cut from the trimmings and rendered, as was also the fat from the 
carcass, and observations upon them were made. In no case was the 
meat reported as having a fishy odor or taste. If the carcass had 
been tainted from feeding fish meal, it would most certainly have been 
evident in the rendering of the lard, but such was not the case. 
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The results of this work, and also the successful use of fish meal 
as a feeding stuff in Germany, show that the belief that the consump- 
tion of this product taints the meat is unwarranted. 

CONCLUSION. 

Fish meal is a very effective supplement to a grain ration for pigs. 
The animals relish it and are extremely fond of it. Fish meal was 
superior to tankage in all comparisons, although the daily gains in 
all cases were exceptionally good. The pigs maintained a thrifty 
growth and were never off their feed during the entire feeding period. 
Fish meal does not impart a fishy flavor to the meat or lard in any 
way if fed in proper proportions with other feeds. Where fish meal 
can be obtained conveniently at a reasonable price and in suitable 
quantity, it has a very considerable value in pig feeding. When 
given a fair trial and used in proper proportions it should become 
one of the most popular as well as most remunerative protein sup- 
plements for pig feeding. 
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