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ABSTRACT

!'he' primary purpose of the problem was the development of a
practical mink feed, devoid of fresh meat, which would support an
sdequate mutritional plane through all stages of the life cycle of
the animal,

A comparative group feeding trial method, ia which miak were
kept unier conditions closely simlating commercial practice, was
used to allow dietary evaluation. Body weight, determined at weekly
iatervals, was the major criterion of response to dietary modification,
Cellateral observations were made on morbidity, mortality, reproductiona,
and fur quality.

An average of 45 mink were contimaously subjected to three
successive dry~-mash ratioas during a period of 18 moaths. Supplements
were intreduced into the basal rations and responses evaluated,

The final and most successful experimental ratioan allowed gud=
mormal growth amd repreduction, and fairly alequate atult maintemance.
Oomplete elimination of deficiencies inherent in the basal ration was
achieved only with the adiition of a high level of fresh meat. This
level, however, was considerably lower tham that mormally imcluded in
a commercial ration.

Experimental results inmdicated that the critical deficiencies in
the final experimental ration were not protein or vitamin ia mature,
bat were more directly concerned with palatability and digestidility.

H. RNt
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I. INTRODUCTION

Expansion an:l Iaportance of Mink Ranching

The ranch mink industry has probably surpassei all other forms of
animal husbandry in recent rate of expansion. lts mashrooming growth,
virtually replacing the comparable fox industry of a 4ecade ago, is
attributable to the intrinsic value of its popular pelt and the esuccess-
ful adaption of the animal to confinement.

Commercial mink farming was conceived in the United States in 1866
(Kellogg, Bassett, and Enders, 1948), when trapped wild mink were caged
and allowed to breed., The mascent industry spreai but little, as the
volume of better quality wild mink pelts furnished by trappers was alequate
for the fur trale. It was not until 1920 (Coombes, et al., 1950), that the
ranch raised mink assumed any economic importance, and then it was over-
shadowed by the more popular and established silver fox. The popularity of
the long furred fox Yegan to wane in favor of the superior durability and
short furred desuty of the mink, and in the last decade, the latter has been
the most sought after fur in the industry.

Today, according to Sheldon, (1951), the United States raises 65.14 per
cent of the total ranch mink in the world, ani uses 90 per cent of the world's
production. Statistics compiled dy the National Board of Fur Farm Organis-
ations (Sheldon, 1950), reported that 110,426 pelts, valued at $1,241,000,
were produced in the United States in 1933. Production was reporteid from
2,836 ranches located in thirty-two states. In 1948, there were 1,490,360
pelts produced and marketed for $24,364,000; Michigan had moved from its

1940 rank of tenth in mumber of pelts produced, to third place with a



productien of sppreximately 7 per ceat of the demestic total, It was ex-
ceeded only by Wisconsin and Mimneseta, which contributed 37 and 12 per
ceat respectively. Despite imcreased preductien at home, imports have
Jumped from 178,988 pelts in 1939 to 1,200,286 in 1949. Recent and pend=
ing legislation, hewever, will curtail future imperts.

Carrent Preblems ia Miank Preductiea

The repid growth of mink farmiag has not been without attendant
diffioulties. An adequate store of practical kmowledge has not accumml-
ated and formal research in the field has desn practically moa-existeas,
Oarrently there is an increasing awaremess and appreciatien of the many
problems of the iadustry and research work at institutional and govern-
mental levels has deen initiated. Teed and pharmeceutical firms have alse
streagthened and intemsified work in this field, The several jourmals of
the industry have done much to inform, advise, and distridute availadle
information.

Progress in the field ia the past is primarily attridutadle to efforts
within the imdustry. Their success is attested by the relatively satis-
factery solution of critical prodlems im marketing, disease, repreductiea,
amM feeding. The latter facter has deen of major impertance since the
begianing of the industry when captive mink, fed solely en meas, failed te
thrive as they 4id ia the wild. BEven today, many of the predlems of
disease, fur quality and reprodunction can de traced te dietary diffieulties,
despite the variety eof mutritionally excellent feeds achieved by the leng
Joars of trial asd error. The variety ia tedays feeds is restricted te
supplementary components, liost feeds at the present time ave similar ia






that they coatain high levels of fresh meat, usually from the horse. The
fur farming iadustry is uniqgue ia the field of animal usbandry in that it
has 00 leng deen penalised and restricted dy lack of a stadble, low cost
feed which is readily availadble in uniferm quality. The carreat prodlem ia
miak feeding is 20t eme of formmlation: it is one of preparation, iamgredieat
availability, and cost.

It 1s sigaificant that the marrow margin of profit ea which the fur
rancher curreatly eperates is due, ia the main, to excessive feed, lador,
and equipment costs. These stem directly from the large quantities of
expensive fresh meat which mast be incerporated iate the saccessful rasiea.
Elsdorate refrigeration, hoists, grimders, houayo. saws, and mixers, aleag
with the necessary buildings, cemdine te form an exceedingly heavy izvest-
ment, The many disaivantages and inefficiencies inherent in small-bdatch
formlation and mixing cen de illustrated in the field of peulsry production.
Only after a commercially fermmlated and mixed poultry feed of satisfastery
quality became widely available, 4id the peultry iadustry flourish,

A facter more oritical than the cemplexity, variadility and high cost
of todays ration is the rapidly diminishiang supply of the dasic imgredient
of miak feed = horse meat. The reason is readily seen whea the statisties
of horse population are examined., Ia 1946, the Crep Reporting Beard of the
United States Department of Agriculture reperted the decline in the mamder
of horees to Ve, relatively and actually, the greatest for any year on
record., The mational herse pepulation fer that year totalled oaly 7,251,000,
ten per cent less than in 1948 and the smallest since 1868, The



accelerated dewnaward trend, which had been in evidence for meny years, was
attrituted to experts, slmghter, and a small colt crop. Aa indicationm of
a further decrease in herses is the relatively small mumber of colts usder
one yoar of age. Only three per cent of the matienal horse pepulatien fall
inte this categery.

Seme ostimate of the increased demand for slaughter horses is supplied
by Homning (1947) who reperts enly three horse slsughtering estadlishments
under Federal inspectiea in 1939, Their comdbined volume was less than
20,000 for the year. Ia 1947, there were tweaty-three such estadlishments
and they acceunted for 156,872 animals in the first eight menths of the year.

Exports have jumped from an snmual average of three milliea pounds
during the peried 1930 te 1940, to 41.5 million im 1946, accerdiag to
Heaning (1947).

It might be interestiag te speculate oa the mumber of herses reguired
in a year by the mink industry. Figures are not availadle for the total
dreeding mink stecked, but if a mamber equal to eme~half the production is
aoccepted as a falr estimate, one millioa mink vesuld have been retained in
1948, Daily eonmumption of three cunces of meat per animal weuld estimate
the anmaal consumptiion te de ninety milliea pounds for the dreeding stock
and a like amount for these amimals pelted. Assuming an average horse te
Jield 700 pounds of meat, the mamber of horses slanghtered in the United
States for miak feed would approximate 287,143, At six cents per pousd,
this 180 millien peunds of horse meat would represeat an expeaditure of
eleven milliea dellars.

A realisation of the demands placed Yy the far industry and ether



animal feed suppliers on the depleted horse supply has resmilted in an
increased use of substitute products. imong these, rough fish and Wy-
preducts frem processiag plants have been most impertant. Results

obdtained frem their incorporatien into the ration have beea variadble sad
many times disasterous. Ia gemeral, mo majer substitution in the herse
meat oomponent of the ration has bdeea completely successful. It has
become apparent that fresh animal hy-product utilisatien can eanly partially
alleviate existing feed shortcomings, for problems of supply, uniformity,
contanination, amd speilage are inteasified.

Validation and Statement of the Predlea

It would seem certaia that the fast dwindling herse pepulation will
be unable teo suppert a rapidly expandiag fur industry and sapply the ever
inoreasing demands for export and pet foot mammfacturers. The time is
rapidly appreaching when the miak ratioa, as fed today, will de noa-
existent or ecomomically impessidble. This stresses the critical meed for
the early development of a mink feed consisting of readily availadle
ingredients adequate to allew preper matrition of the animsl threugh all
phases of the 1life cycle. If such a ration ceuld de formnlated frem
dessicated meat and vegetable constituents, it could be fed meistened or
right frem the bag. Prodlems of sapply, storage, formalation, and mixing
wounld be eliminated and the fur industry would de on a plane similar te
elder, more familiar forms of animal Masbandry.

The feasidility of such a ration is stromgly cerredorated, The
faclility with which dogs and foxes have adapted to a mon-fresh meat ratien

indicates the men-essentiality of fresh meat 1f a substitute ratien,



balanced to the needs of the animal, is available. The adility of the
mink, itself, to use such 'foreign' feods is demonstrated in some of the
sccessful, commercial ratioams of teday. lLevels of mom-fresh meat
ingredients are higher thaa heretofore thought advisadle. Iven more
significantly, recent work has deen reported by Wiseonsin workers ia which
the ability of the mink te subsist eatirely om a synthetic experimental
food was demonstrated. The whole field of matrition is progressing at
sach a rate that the uakmnewns, impessidilities, and miracles of teday are
temorrows ! matter-of-fact commomplaces. It weuld be bliandness and 1ll-
infeormed eomplacency to ignore the possibility of radical ration reform
for any species.

Accordingly, this work was directed toward the formlatioa of a
saocessful mash-typs mink ration, It was hoped that the cellateral and
incidental information odtained would eemtribute to the inadequate famd
of general Inowledge comceraing the practical feeding eof this animsal.



I1. LITERATURE EEVIEW

Ia reviewing the literature pertineat to mink mutrition amd feeding,
it is apparent that little fastual information of a fundameatal nature is
ia existence. The several excellemt journals of sthe fur trade ceataia
veluminous material oa practical mink feeding, dut mach of it is cea~
tradictery, opinionated, nmb,omthtod. and eemtroversial ia mature.
This 1s as would be expected in so aew an industry. Despite these shorte
comings, this material coatalns mest of the information availadle ea the
mink today and therefore cannet be iganered, Whea ovaluated in terms of
ostablished principles of mtrition smd feeding, these popular articles
are valid sources of invalmable informaticm.

Ia view of the relatively meager mtritional informatien specific for
the mink, it was deemed advisable to extead the literatare reviewed te
include related fields. The matural food ef the mink, commercial miak
fesding practices, bdoth curreat and past, matritional and feeding werk with
dogs, cats and foxes, as well as scurces in the general field of amimal
mtrition, have beea carefully reviewed. It is folt that this sheuld give
ak appreciatien of the overall dasic comcepts, 80 mecessary ia a predlem
of this mature, as well u 'infor-aun which eculd be integrated te allew
& satisfactory solution of the prodblem,

The Jeed of the Wild Miak
The first ration offered captive wild miak was predicated on the
general observation that mink and the clesely related weasel were striotly
caraivorous, eating mothing tmt freshly killed prey. Work eince that time






has modified this early concept dut litsle.

Sealander (1943) studled the wiater food habits of wild mink ia
NMichigan. He feund the diet t0 vary with availadility, dut with mammals,
ranging ia size from small imsectivora to the smew shoe hare, iavariadly
oemprisiag over one-half the volametric dietary intake. The remainder
consisted of dirds, fregs, fish, snakes and crustaceans. Negligidle
amsunts of vegetable matter were feund ia stomach conteats and were att-
ribated to aceidental dolting along with small prey. The parsicle sise
of stomach conteats never exceeded eme-half inmch in diameter ami was
sormally mch smaller. He moted that the smaller mammals, tegether with
fish and crustaceans, were more thoreughly chewed than larger prey. Dixea
(1926) also reports the miak to be a thereugh chewer, surpassed among the
carniveres, enly by the etter. He states that the largest single meal he
had observed taken by a misk consisted of forty-seven grams of fish.

Dearvora (1932) also studied the food habits of Michigan wild miak snd
his findings during the wiater are similar to Sealander's. However, his
studies on fecal residues carried through the sammer showed a marked de-
erease ia the mammalian dietary component with a compeasatory imcrease ia
erayfish, He found mo evidence that vegetadle matter was ever comsumed.

Yeager (1943), ia a rather comprehensive stady of the hadits of wild
mink, stressed the relative large sise of the prey 4hd the extensive storing
in the nest. He found ten maskrats iz a wianter dea ia Illimois. Ia the
spring he foumd five coet, four ducks, and nime muskrats ia a Nerth Daketa
den,

All work ea this subjest emphasises meat consumption to the semplete



exclusien of vegetadle matter. It should de poiated ocut, however, that
the smaller animals are consumed im their entirety - bdones, viscers, and
stomach ceatents. BEven with larger animals, tasty portions of the viscera
are selected and consumed aleng with the mascle and fat. This would do
mich to correct any dietary imbalance, for the liver alone is a veritadle
storehouse of mutritiensl essentials.

The Commercial Mink Ratien

A digest of the practical feeds fed on commercial miak ranches should
give mach valid information on the dietary requirement of the sanimal, for
today's rations are a distillate of the feeding practices of the past tweaty-
five years., 8pecific ceaclusions cannet be drawa frem a study of these
rations, however, for the rancher, ia aa effort $o fermalate the ultimate
in a feed, has incorporated many saxillary cemponeats in the absence of real
evidence of need, 1f observable harm does mot result, er cirecumstantial
evidence indicates a favorable effect, the aidditive is incorporated inte
the basic ration. Subseguent modifications are iatreduced ia a like mamner.
A satisfactory ut overly complex ration is the resalt. This practice is
2ot to the rancher's diseredit, for the cemplete lack of factual information
has made $rial and errer experimentation a mecessity. Furthermore, the value
of the animals, coupled with the preductioa of oaly ome ammual erep, would
certainly imdicate use of the bess feed possidle, regardless of coss.

The variety of recommended miak ratiens recorded ia the literature
implies that a standard commercial mink ratien does mot exist. Osomdes et al.,
(1950) 1a an exoelleas summary of fur snimal feeding, motes that misk rations



are becoming less complex, A comparatively small mumder of dasic
formlae are being used, with ranchers intredusing simple modificatiens
to fit their particular coaditions. These changes are most comseanly
introduced, in practice, to allow for the assumed changes in dietary re-
quirements daring periods of grewth, maintenance and repreductien. 1% is
also suggested that with am imcreasing fund of informatien, newcomers are
less tempted to experiment, preferriag $o prefit frem the experience of
others.

The appareat extreme variety of ration is many times due te the type
of fresh meat used. Xellogg, Bassets, and Enders (1948) 1list a few of the
forms ia which fresh meat enters the ration, imong them are lungs, tripe,
spleen, wdders, liver, gullets, kidaey, chickea heads, feet, viscera,
rabbits, fish and fish bdy-products, and pelted carcasses of their oma
species. These are, of course, but sabstitutions for a part ¢f the horse
mscle, made in the interests of ecenemy and availability,

Kellogg, Bassett, and Enders (1948) and Coombes ot al., (1950) among
mgay others, report represeatative ratieas which are prodably as typical as
axy. The lastter reports the results of a study of various ratiens sabmitsed
by ranchers ia diverse parts of the matioa.

The results are sumarised as follews:

Horse meat 33 to 77 per ceat
Viseeral meats 10 to 25 per ceat
Mk 15 to 45 per cemt
IAver 3 to 15 per ceat
Greund greea bone 8 to 8 per cent

or steamed bone meal 2 per ceat
Yegetadles 3 to 7 per oeng
Commercial ecereal 15 to 38 per cent
Dried drewers yeast 1.8 s0o 2 per cent
Cod Liver 011 0.5 te 1 per eeat



The level of meat componeats tends to remain constant, in that lewer
levels of mscle meat are dalanced by higher levels of vigcera or fish,

Ihe role of fresh meat in the ration. Wishout exosptioa, fresh meat
is found to de qualitatively and quantitatively the mest important is~
gredieat. Nermally it is in the form of horse muscle which, according to
Suith and Bassett, (1947), has an average cemposition of 76.0 per cemt
meisture, 18.1 per cent crude protein, 4.1 per ceat fat, and 0.9 per ceat
ash.

Roderts (1949) believes the apparent meed for high levels of animal
products is related more closely to accessory fastors than to an umasual
protein requirement. 8till (1939) attridutes their impertance to palatad-
111y, high Molegical value, and digestibility. Smith asd Loosli (1940)
emphasise the importance of fresh meat as an importaat palatability facter
as well as a source of proteias of a desiradle amino acid pattern.

Dae to its high cost, censiderable work has deea done to estadlish
minimal levels. Idadow, Brickson, amnd Hart (1949) state that meat should
sapply a minimam of 350 ealeries per pound of feed., Smith and Leosli (1940)
allew each adult mink 0.9 cunces of raw meat per day to maiatain aitregea
e@ilidrun. Bassett (1943) has reported that proper supplementation will
allew the fresh meat level to be reduced to 30 per cent during the summer,
fall, and early wiater, with a level of only 38 per seat during the remainder
of the year.l Wilke aad Bassett (1948) found kits required at least 65 per
cent horse meat to yleld grewth equivaleat to that odtained with horse meat
at the 85 per ceat level.

11 perceatages are converted to the equivaleat of the ration as formalated,
1.e., before water is added. This practice will be coentimmed thrcughous
this work to allew equivalens levels for comparisen.



The role of liver in the ratien. Idver is as umiversally used ia the
practical miak ration as is horse meat, and is regarded as a near panaces
for matritional ills. There is basis for this, for liver is a recegaised
souree of most major vitamins as well as unideatified dietary essentials.

I% is fed ot levels varying from 3 to 15 per cent of the ratioa
(Coembes ot al., 1950). The commoaly recemmended level is tea per ceat.
At this level of feeding, it will prevent and correct hemerrhagic gastro-
enteritis, yellow fat, (a non-suppurative inflammation of the pamnieulms
sdipesns) and anemia (Whitehair, Schaefor and Elvehjem, 1949).

Keanedy (1947) reports a similar level of spproximately eme-half eunce
per animal per day, $o de effective ia preventing matritiensl anemia and
the accempanying acidosis.

. Schasfer, Waitehair, and Elvehjem (1946) and others have reperted oa
at least twe unidentified factors preseat ia fresh liver that are required
%y mink,

Zhe rele of cereals 13 the ration. Efforts to estadblish a miaimal
level of meat are Teversed ia the case of cersals. The maximal level at
vhich they can de successfully imcorporated iato the mink rasiom is of
eosenomic importance. They represent a relatively cheap source of energy
and dietary esseatials. Ilindow, Bricksen amd Hart (1949) recommended a
cereal level furnishiag 1,200 to 1,700 calories per pound of tood for
maximm econemy. They found levels ia excess of 20 to 25 per ceat of the
ration resaulted ia an undesiradble laxative effect. 7This was most motadle
when raw cereals were used. Their fisdings supported the use ef cooked
cereals only, as digestidility was increased 30 per ceat over the raw grains.



The imcrease ia digestidility resulting from cooking cereals is widely
emphasised, dut sigaificantly, there 1s no memtion of any great variation
ia dietary value of the several cereals after they have deen properly
cooked.

The most common source of the cooked cereals is the dreakfast food
mamfacturers who supply products sud=-standard for human consumptien, but
exsellent for animel f»d and at a reasonadle price. The umial mink
cereal feed is a mixtare of flaked corn, wsheat, and rice. This feed has
the advantage of any earichment or forsificatios added during mamfacture,
as woell as a histery of careful preparaticn frem tep quality graia.

Otber ingredients of the ratisp. Vegetables are usually preseat ia
the commercial mink ration at levels frem 2 to 5 per oceat. (Kellegg,
Bassett, and Enders, 1948). Although green leafy vegetadles are oftea
used, tomatoes, either fresh or camned, are most popular (Smith 1940).

Aay real need for their presence iz a mink ration is somswhat obsomre, but
the justification most often advanced is their rele in the preveation amd
sorrection of acidosis, which 1s revealed by a driddling of urine usually
symptomatic of mtritienal asemia. Xeanedy (1947) found that tematees did
indeed alleviate the gymptems, Put only temporarily.

Bone meal or greund green denme is added at levels of 1 te S per cent
to supplement mineral deficiencies imherent in mascle meat (Kellogg, Bassett,
and Enders, 1948).

Dried drewers yeast and cod liver o1l are mermally added at low levels
to insure an adequate supply eof vitamias of the B geries and vitaming A
aad D, (Hodgson, 1945).
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The Digestive Potential of the Mimk

The simple digestive system of the mink may well be a limitiag factor
in supplaatiag the matural feod of the amimal., Accordimg to leosli, Smith
and Maynard (1940), the ratie between Dody length and length of the digest-
ive tract 1s 1:4, or sixty inches for the aversge mink., This ratie is
similar $0 that fousd in the cat. Ia the dog - end presumadly the fox -~
the ratie is 1:6. In the mink, there is complete elimination of food
fifteen hours after ingestion (§did.). Bernard, Smith and Maymard (1943)
report that feed appears ia the feces six hours after ingestion, one half
the time given for the fex. .

There are a limited mmber of reports en mink digestioa Srials. lLeosli,
Smith and Maynard (1940) found the dry matter digestidilisy of a gool quality
mink ration ranged frem 70 to 80 per cent. Raw meats were found to have the
highest per cent total digestidility. PFresh meat proteia digestidility was
found te e high, (raw liver - 93 per cent; horse mscle - 86 per cent; amd
spleen -~ 84 per cent) and was met significsntly depressed by the additien of
coreals. They found the protein of Vdeef scraps, fishmeal, and cereals to de
abeut 72 per ceat digestidle, as was that of cooked or dried horse meat and
camned fish.

Saith and Leosli (1940) did econsiderable work en the digestidility of
protein, fat, aitrogea free oxtract, amd fider in varicus combinations of
conmoa mink ratien imngredieats. They found the variocus fats ¢ be well
utilised and 1little influenced by treatment, although there was some evid-
ence of increased digestibility after cooking. The mitregen free extract
was poorly used frem every socurce ether than ecooked starch, which was 93
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per oent digestidle, Protein digestidility, high in raw horse meat and
liver, was sigaificantly reduced by camning or cooking. Beef tripe was
foumd to be poorly utilized and fider utilization was foumd to de ex~
tremely low,

Previocusly, Hodgsen smd Maynard (1938) had repertel the proteia
digestidbility of pare fresh horse mascle te bde reduced frem 91 to 81 per
cont whea meatscraps replaced a part of the fresh meat., Utilization of
nitregen free extract and fider dy the mink was found to de lew and
variable = 36 to 73 per cent and 2 to 40 per ceat, respectively. TFat was
found to Ve well utilised, deing from 91 to 97 per cent digestidle.

Digestion trials reported by Bermard, Smith and Maymard (1942) re-
vealed that in a good guality mink rasion with high levels of horse meat,
the fat and crude pretein were, respecsively, 87 and 93 per cent digested
by misk, They found coskisg increased the digestidility ef starch frem a
highly variable 854 to 75 per cent to a wniform 90 per eent. The starch
was cosbined with raw horse mmscle at levels up to 50 per cemt. Fider,
when incerperated withia limiss of palatability, 4id mot influence the ever-
all digestibility of the ration, with the exception of wheat dran. 1Its
aopio'unc offect was attributed to a laxative action. Beet pulp was found
to be extremsly umpalatadle, even at very lew levels.

Bernard and Smith (1941) had previeusly reperted cooked starch te be
90 to 95 per ceat digested dy mink when fed at levels up te 45 per seat of
the dry diet. BEaw wheat and oats were 85 to 87 per ceat digested whea fed
at a 20 per cemt lovel. Corn was 74 to 76 por cent utilised whea fed at a
similar level. They meted a reduced overall digessidility in the preseace



of iadigestidle materials,

Funiamental Dietary Requirements

Zhe cslorjc requirement. The energy requirement of the mink appar-
ently approximates that of similar animals when evaluated in terms of body
surface area. Still (1925) mede a theeretical estimate of 240 caleries
per day for an adult mink., Hodgson and Smith (1942) determined that the
daily ealoric dietary intake sheuld be 124 (98 Aigestidle) caleries per
pound of body weight which would be equivaleat to 2,370 (1,830 digessidle)
calories per square meter of body surface. ILooslt amd Smith (1940) report
a caleric comsamption of 120 to 130 caleries per dsy per pound of ‘ody
weight by adult mink,

Ihe protein reuiremppt. Smith and Leosli (1940) estimated the crude
protein requirement of the adnls mink to de twenty-five grams per day,
which is equivalent to twenty-twe grams of digestidle pretein. This is
derived frem their requirement of 0.9 cunces of raw meat for mitrogea
eqmilidrum,

Tea grams of digestidle pretein per day, in the presemce of adequate
carbohydrate and fat, will maintain mitrogen equilidrum in adnlt mink,
accoerding to the findings of Loosli amd Smith (1940).

8t111 (1939) estimated the daily digestidle dry presein requirement
of the adult mink te be ninsety-twe caleries or twenty-two grams.

Bagsett (1950) has estadlished the eptimum protein level for kit growth
te Do 28 to 34 per cemt 4dry, or 9.5 te 11 per cent wet. Tais is consider-
ably higher than the 20 per cent d.uul preteia level, 4dry basis, recommenied
for best grewth in puppies (Heimam, 1947).



The fat reguiremsnt. There is mo record of a deficiency synireme
attridutadle te an uncomplicated fat deficiency. Small amounts of the

se~called essential fatty acids are the only 1lipid substances coasidered
essential in the presence of an adequate supply of the fat soludble
vitamins., It is mot prodadble that a practical mink reation could be ferm-
ulated without an adequate supply of these acids and sufficient fat to
allow vitamia abdsorption. However, according to Earl (193), fats are
impertant in a ratioa marginal ia calecium and comtaining cereal. TFers-
atien of the unavailadle ecalcium-phytin complex is prevented in the
presence of 11 per cent fat.

Iheo cerbohyirate reguirement. 4s in the case of fats, aside from
associated vitamins, considerasion of carbekydrates in the ratiea of &
miznk is limited to maximal use for econemic reasonms.

The miserp] requirement. OCalcium and phosphorus are the enly mimerals
for which dietary estimates have deea made for the miank, They are apper-
ently the only ones meeding consideratiom in a practical diet. A calcium
phosphorus ratio of 1:1 is eoptimal, accerdiag to Smith and Leosli (1940).
Calcium is normally added to the practical ratiom at a level of 0.48 per
cent and phosphorus at a 0.24 per cent level (Coombes et al., 1960).

The eptimal calcium and phosphorus levels for growing pappies is givea
at 0.27 per cent and 0.22 per cent, respectively, by Arnold anmd
Elvehjem (1937). An adequate level for afult dogs is appreximated by
MoCay (1949) at 0.5 per cemt for eech of the twe minerals. HNarris ot al.,
(1945) fousd that 0.51 per ceamt calcium was the minimal level allewing



normal dene development in grewing foxes.

The vitamip requirement. Bassett (1950), reporting en work at the
United States Tur Animal Experiment Station, states that symptoms of a
deficioncy dus to vitemins A, C, and D are difficult or impossible te
preduce in mink, Smith and Loosli (1940) found a sericus vitamia D def-
iciency eould not de induced frem weaning te pelting, although the
calcium and phosphorus centent of the bones was reduced., No discermidle
deficiency symptoms were observed in mink maintained for eight and ene~
half months on an ascerdic acid free diet, ascordiag %o Ioosli amd
Smith (1940).

Bassett, Leosli, and Wilke (1948) failed to produce symptoms of a
vitemia A deficiency in foxes and mink but moted that bleod and liver
levels of the vitamia varied with dietary intake, They foumd ascordie
acid exerted a sparing actien, or aided retentien, of vitemin A, lMayer
and Krehl (1948) found that both fox and mink require vitamia A at &
level of tweaty-five intermatienal umits per kilogram of body weight.
8t111 (1939) recemmended that 260 to 300 imternatienal uaits per pousd
of feed do previded ia pracsical ratieas.

Schasfor, Whitehair, and Elvehjem (1946) employed a purified ratienm,
fortified with all known orystalline vitamians, to predmce a serious
deficiency syndrems ia miak which texporarily respended te folie acid.
Recurrence of the syndroms respended to fresh liver or raw whole milk,

Contimuing this werk, Schasfer, Teve, Whitehair, and Elvehjem (1948)
found fresh liver contained at least two factors, eme methamel seludble and



anxd the other confimed to the residue, essential to the mink, Later
Tove, Schasfer, and Elvehjem (1949) found the methamel soluble liver
fraction exerted a sparing action on folic acid ro;;nirmntu. Thise
factor was fousd mot to be related to vitamin By,. Additiemal werk by
Tove, lalor sad Elvehjem (1950) confirmed the requiremeat of the mink
for the methanol insoluble facter snd it was determined further that fish
solubles contained the methanmol soluble factor,

Sabstitates for FPresh Meat

The wide use of a variety of unprocessed, perishadble amimal by
products as substitutes for the fresh mscle-meat normally imcluded ia
the mink ration has Veen previsusly pointed ocut. They are mot co'uidcrod
here, as attention will be confined to information and ingredients epp-
licable to a dry ration suitable fer the mink.

Beplacement of the fresh meat component of the ration imvolves,
essentially, the sudstitution of ingredients of the desired type whioh will
supply similar protein, fat, and vitamia values ia a ferm acceptable te the
mink,

Michand, Hoppert, and Hart (1947) discount the importance of palatab~
ility, which they define as "specific tastes essential to sppetite stiml-
ation.' They believe that an exclusive appetite for a specific Saste is
eatirely an acquired characteristic. They state "that under conditions of
domestication, an animal will accept and de satisfied with any substitute
that will furnish the matrients it requires.‘

Bobinson (1946) feund the blological value of feeds t0 de reduced



markedly by high temperatures. He moted en improvement when processing
temperatures were lowered from 240 to 180 degrees F. MNany of the commer-
cially available animal feed ingredients have deen subjected to temper-
atures as high as 380 degrees fahremheit.

Ia the same work, Rodinson (1948) reported that, although dogs 414
well on camned fo0d, sudmaximal reproductieon and minimal growth of pups
resulted from a meal type ration composed of processed ingredients. He
was uaable to fermlate a matritienally eptimal preduct from ingredieats
processed at high temperatures. Ne farther reported failure to cempound
s ration from ingredients of this type waich would allew the develepment
of kittens. This deficiency cald de corrected by the addision of deef
or liver and milk, He feuand that any large quaatity of cereal wuld
adversely effeot the repreductive ability of the female cat, dut mot the
male,

Morgan (1940) demonstrated that the heatiag of proteins cmmsed a
decrease in bdielegical value with aceoq;wiag loss of heat labile
thismine,

Koehn (1942) reported excellent repreduction iz degs on a dry-type
deg ration. MoCay (1949) accepts the dry-type dog ration as mutrisieaally
adeguate, snd Bassett (1943) states that mature fexed are utilfaetorlly
maintained on rations in meal eor cu.bo‘ fora, He found that, except for a
fow weeks aftor weaning, raw meat was mon-sssential but preferable.

Bassett (1942) reperts beef meal to be a well tolerated imgredieat in
the summer ration of weaned mink kits. In affecting a partial substitatien 4
in the fregh meat of the mink ration, soybean oil meal, blood meal, and






1liver meal were found to be effective (Bassett, 1943). TFish meal was
also found valusble as an extender for fresh fish and horse meat (Bassets,
1945) .

Schaefer, Whitehalr and Elvehjem (1946) reported ne difficulty inm
obtaining normal feed comsumption by mink fed a mquue ratioa consist-
iag of casein, sucrese, ¢il, minerals, and vitamins. Jurthermore, response
was normal uantil Body stores of folacin and liver factors were depleted.
Vhen these deficiencies were corrected dy the adiition of fresh liver,
normel maintenance and growth were allowed,

Travis ot al (1949) reporteld ca work - of which this is a contimu~
atien -~ with a dry-mash ratien made up of commercially processed ingred-
fents. ZThis ratiea allowed marginsl maintenance but not grewth. A
Tegponse was ebdtained frem addition of a mixture of three amino acids,
wothionine, lysine, and Sryptophamne. 1% was concluded that the principal
dietary defect was proteia im nature snd invelved st least ome of the
three added amino acids. Palatability and digestidility were mentsiened
as important limiting factors.
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III. GENERAL METHODS AND PROCEDURES

fhree successive basal rations (Tadbles 2, 3, sad 4) were employed,
As work progressed, a new ratien was evelved through the incerporatioa
of certain indicated matritional changes of major consequence. All were
of the dry mash type and consisted of commercially available feedstuffs.
They were designed as a "complete® ration, theoretically sdequate for all
of the dietary requirements of the mink. Normally, the dry ratioa was
foermalated in 200 pound lots. Mimor ratien componeats were blended inte
the mix by hand and the dry mash was thea mixed in a power mimer. Unless
otherwise stated, supplements iatroduced into the dasal ration at the
time of formlation were at the expense of the cereal. Adiitiens made
at the time of feeding were at the expense of the total ratien.

Three successive feeding trials were initiated to allew a comparisea
and study ef the responses of the miak $0 the dasal ratioas and thelr
several modifications. Supplementation was made in an attempt to determine
specific deficiencies inherent in the dasal ration. Daration of the feed-
ing trials was not fixed ia advance, dut rather the terminating date was
oontingent on the gathering of decisive data.

The animals availadble were dissimilar in age, sex, heredity, and
history. They were grouped inte similar groups and their iadividual and
collective responses were correlated with dletary variation. Ia each
experimeat, one greup was maiantained on a good quality fresh meat ration
typical of those fed on commercial ranches. This group will de referred
to as the Contrel Greup amd the ratien will de termed the Control Ratioa
(Table 1), Another group was kept on the basal ration sad will de
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1dentified as the Basal Greup.

All ratiens, as fed, were of similar moisture content. Vater was
added to each ration at the time of mixing in an smouns required to
produce the hamdurger-like consistemcy reportedly most appealing to the
mink, Rations were mixed dy hand each day prier to feeding, at which time
vater i supplenents were added te the 4dry ration. A premix of the 4dry
iagredients of the Coasrol Ration was comdined with the wet ingrediemts
and water was added.

The animals were individually fed each evening except during
lactation, when an additional morning feeding was offered the mothers
and their kits. TYeed was offered in excess of consumption and water was
constantly availabdle.

The animals were confined separately in adjacens, commercial-sype
cages of hoavy gamuge, one inch mesh netting. Bach cage was proved with
a watering cup, feed board, and nest box. They were kept in an open
englosare on the Michigaa State College campus. IXvery effort was made
to duplicate nomal ranch coaditions,

Response to the dietary variations was evaluated, primarily, in
terms of body weight. This is reported ia grams and converted to per
cent initial weight to facilitate comparison of smimals ualike in sise.
Differences ia body weight varistion dne to sise were fousd $0 de in-
significant when evaluated in this manner. This method was especially
useful in comparing animals of epposite sex, for a marked sex difference
ia sise exists in mink, WVeighings were made at weekly intervals at the
samé hour in order to minimise variation dae to ingested food amd waters



Whea spprepriate, mortality amd reproiuction were considered in evalmat-
ing the dietary treataents. Pelt quality was generally ignored due to the
complex of extra~dietary factors influemcing this srait.

All casualty animals were necropsied and the cause of death determ-
ined by members of the Animal Pathology Department of Michigaa State College.

Each basal ration was fed $o growing albiac rats for a period of feur
woeks. The terminal weight and condition of the basal fed rats were
compared with that of a similar greup fed a laboratery stock ratiea.

The scope of this prodlem, invelviag an iafinite mamber of possidle
combinations amd levels of ration ingredients, necessitated an early
delineation ¢f the more productive trends. It was felt that long-term
treatments involviag large groups of mink would be wasteful of time,
faoilities, and the limited mumber of available animals, In general, the
maximm mumber of Streatmeats of drief duration were admiaistered to
greoups of mall sise.



Whea gpprepriate, mortality amd reproiuction were considered in evalmat-
ing the dietary treataents. Pelt quality was generally igmored due to the
complex of extra~dietary facters influencing this Srait.

All casualty animals were necropsied and the caase of d¢ath determ-
ined by members of the Animal Pathology Department of Michigaa State College.

Each basal ration was fed to grewing albimo rats for a period of feur
wooks. The terminal weight and condition of the dasal fed rats were
compared wvith that of a similar greup fed a ladoratery stock ratiea.

The scope of this prodlem, invelviag an iafinite mumber of possidle
combinations amd levels of ratien ingredients, necessitated an early
delineation of the more productive treads. It was felt that long-term
treatnents invelviag large groups of miak would be wasteful of time,
fasilities, and the limited mumber of available animals, In general, the
maximm sumber of treatmeats of drief duration were admiaistered to
groups of mmall sise.
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TABLE I

CONTROL RAPION

Per cent
Horse muscle, greund 5.0
Camned fish (Ateo) 10.0
Cereal (Kellogg's Hexite) 9.9
Fresh liver 10.0
Cenkey's Y-0 1.0
Skim milk powder 2.0
Tomato puree, ecamned 2.8
Fish o1l (400D, 30004) J— 1Y -1

100.0

- Analysis (Oven dry Basis)

Orude Pretein  45.34% Rther Extract 26.19%
NFR 22.07 Ash 4.44
Cxrude Fider 1.96
Analysis (Ag formlgted)
Crude Protein 15.0 4 Bther Extract 8.6 ¢
) 4 | 7.3 Ash 1.48
Omde Pider 0.65 Vater 67.0
Analvals (As fed 309 Water added)
Crude Pretein 12.0 § Ether Extract 6.9%
Nre 5.8 Ash 1.1¢

Crade Mbder 0.82 Vater 73.62



TABLE 2

BIPERIMENTAL MINK EASAL RATION I

Per cent
Cora flakes .0
Shredded wheat 2.0
Theat germ meal 8.0
Yheat fleur middlings 10.0
Soybeaa 01l meal 20.0
Tish meal 10,0
Dried skim milk 4.0
Dehyirated alfalfa leaf meal 2.0
Brewer's dried yeast 1.0
Distiller's dried seludles 3.2
8alt (i1edized) 0.8
Tish o1l (460D, 20004) 0.3

100.0

Aaalysis

Protein .54 Fider 2.57%
b iy 81.% Yat 3.4
Caleiun 78 Phosphorus 75



TABIE 3

EXPERIMENT AL MINK BASAL RATION II

Pouads
Saredded wheat 24.9
Oorn flakes 2.0
Soybean 01l meal 2.0
Dried skim milk 10,0
Tish meal ' 10.9
Meat seraps 8.0
Idver meal 4.0
Dehydrated alfalfa leaf meal 2.0
Brewer's yeast 3.9
Theat gorm oil 1.0
Msh oil (400D, 20004) 0.8
Salt (iedised) 0.8
Manganese sulfate 8 grams —_—

100.0

Anplysis

Moisture 6.2 % Ether extract 4.69%
Ash 8.48 Tber 3.89
Proteia 3.5 NFE 45.28
Caleium 1.43 Phosphoras = 997



TABIE ¢

EXPERIMENTAL MINK BASAL BATION III

Rice Crispies

Soybean 0il meal

Dried skim milk

Fish meal

Meat scrad

Iiver meal

Alfalfa leaf meal

Brewer's yeast

Theat gorm oil

Tish o1l (400D, 30004)
Methionine

Fortafeed, lederle's 3-45C
Manganese sulfate 10 grams

Lederle 's Parve S grams
Analysis

Protein 27.2 % Pat

NFR 54.78 Mber

Rounds
“.1
15.0
15.0
10.0

5.0
4.0
2.0
3.0
1.0
0.8
0.2
0.2

100.€

3.86%
2.86



IV, THE MINK FEEDING AND MANAGEMENT QUESTIONNAIEE

Practical information concerniasg the care of the animals used in this
wrk was an initial necessity. At the same time, validated facts would
previde a basis from which to degia, as well as indications of promising
areas toward which the work should progress. It was felt that the pooled
experience of the commercial mink ranchers would furnish mach of what was
required. Their ebservations could be expected to de practical, detailed,
and reliadle, for they represeat a distillate of the leng-term findings of
many workers, all characterised by complete familiarity with the snimal
ooncerned and a real need %o accurately discern its meeds.

The questionnaire (Fig. 1) was an effert te assembls informatioa from
as many ranches as possidble. It was general in nature amd designed to
onCourage commeat as woll as secure somswhat detailed informatien ea feed-
ing practices. Consideration was given factors ether than mtritionmal,

208 only Decamse of the need for genmeral information per se, but decause
mtrition is s0 fundamental it canmet be successfully isolated frem the
overall picture. Reproduction was necessarily used as the measurement
criterion decamse of its unifeormity and the availability of accurate records.
It 1s also the basic means by which the rancher measures the success of his
feeding and mansgement Drogram. It was recogniszed that meany ether impiaging
factors would eloud and distort the effect of feed, Dut it was hoped a
general trend ceuld be detected whem the results of several ranches were
iategrated.

From the 314 mailed questionnaires, 76 returas were received. 1% was
aecessary to discard 50 of these becamse of lack of completeness, limited



experience or time iz the Wsiness dy the rancher, or too few animals.
The 26 remaining returas were gratifying ia their completeness, sincerity
axd grasp of the purpose of the gaestionnaire.

The results are tabulated in Tadles 5, 6 md 7, ZTadle 5 gives the
perceatage of each ratien ingredient fed by each of the 26 ranches reporte
iag. The size of the dreeding bherd is given te allow some weighting of the
results. The efficliency of the herd is expressed as kit average, ie., the
average maber of young for the tetal mamber of dreediang females stecked,
The everall average is shown to be 3.6 kits per female. This is in geod
agreement with the average of 4.0 which {s normally associated with satise
factery production. This agreemeat would tend to indicate that despite
the small mamber ¢f returns used, a relatively representative sample was
edbtained,

Tedle 8 shows herse meat and cereal te Do common $o all rations. The
coreal componeat is relatively comstant in all rations, averaging adous
11 per ecent. The level of horse meat is net so uniform, varyiag from 0
to 80 per cent. This variation is accempanied by compensatery changes in
the smounts of the ether fresh feedstuffs of animal origin. Then the
tetal fresh animal preducts are considered, the percentages are less var-
1adle with extremes of 72 and 835 per cent of the Setal rasien.

Vegotadles, fish and liver appear in nearly all of the ratiens.
Vegetables vary in amounts fmm 1 to 10 per cent, with an average of 4
por ocent. This variation is attriduted to the type of vegetadles used and
difference of epinion as te their value. The liver variatioa is due te cost
and availability, tea per ocent being indicated as the desired level. An



experience or tims iz the Wsiness dy the rancher, or too few animals.
The 26 remaining returns were gratifying ia their completeness, sincerity
an grasp of the purpose of the qaestionnaire.

The results are tabulated in Tables 5, 6 md 7, Table 8 gives the
perceatage of each ration ingredient fed bty each of the 26 ranches reporte
ing. The size of the dreeding herd is given to allow some weighting of the
results. The efficiency of the herd is expressed as kit average, ie., the
average mmber of young for the Sotal mmber of dreeding females stecked,
The everall average is shown to be 3.6 kits per female. This is in geod
agreement with the average ef 4.0 which {s mormally associated with satise
factery productien. This agreemeat would tend to indicate that despite
the small mamber of returas used, a relatively representative sample was
obtained,

Tadle 8 shows herse meat and coereal te de common te all ratiens. The
coreal compoment is relatively constant in all rasions, averaging abous
11 per cont. The level of horse meat is met s uniform, varying from 20
to 80 per cent. This variation is accompanied by compensatory changes in
the smounts of the other fresh feedstuffs of animal origin. When the
tetal fresh animal preducts are considered, the percentages are less var-
iadble with oxtremes of 72 and 85 per cent of the tetal ration.

Vegotables, fish and liver appear in nearly all of the ratiens.
Vegetadles vary in smounts fmm 1 te 10 per cent, with an average of 4
per oent. This variation is attriduted to the type of vegetadles used and
difference of opinion as te their value., The liver variatioa is due te cost
and availability, tea per cent being indicated as the desired level. An



average of 7 per cent was reported. The use of fish is common ani lavels
again are dependent on the levels of other meats.

Oommercial vitamin supplements and natural vitamia conceatrates are
gemerally added. Brewer's yeast snd wheat germ meal were used most ocommonly.
Bone moal was the oaly reperted mineral scurce added te the ration.

Iaformation ea Table § has deen divided as shown on Table € in an
effort to disclose ration differemnces accompanying reproductien variatien.
Ranches with a kit average of feur and over are combined into one growp as
are those with a kit average of three to four and those with a kit average
of under threes. It shold de moted that only four ranches fall inte the
latter greup.

No marked ration 4i fferences are evident ameng the three levels eof
repredaction. Similarity of averages is striking. Isvels of horse meat,
esreal, and total fresh feedstuffs of amimsl origia are mearly identical.
Seme significance might bde attriduted the reduced level of liver, and
vitemin supplements soted in the low production group. However, the limited
sumber of ramches in this group preveat the estadblishment of a trend.

Table 7 summarizes the expressed opinioms of ramchers as to the merit
of commonly fed ingredients. Jor the most part, they were im agreement.
Some items, such as tomatoes, reflect disagreement as they are reperted to
be essential by some and of deudtful value by others who have odtained
eqally good resalés without them. It is interesting to note that while
fresh meat is listed as of prime importance, rancid meas is a first prierity
offender.

Bight diseases, in erder of frequency reported, are also listed en



Table 7. Significantly, four of these disecases are of mutritional origis,
two are related te feed contamination, and of the remaining twe, pneumonia
is well kmown as a secomiary invader most prevalent among animals om a
marginal mutritional plane. The other disecase, bdoils and abscesses, is
maRy times attributadle to dome slivers in the ration. The impertance eof
feeding nd mutrition in mink mordidity is clearly indicated,

The ebjections given to the preseat ration are listed on Table 7 in
the order of frequency ef appearance. These ebjections are identical with
those which have deen previcusly discussed and serve to peint up the
impertance of work on the development of a modified miak ration,

The questionnaire was unsuccessful ia denoting an ingredient or
iagredient complex which wuld elicit a typical respomse in terms of re~
preduction. The similarity detween ratioas yielding poor amd superior
repreduction is surprisiag. The existence of factors sufficiently streng
te completely overshadow the mutritional aspects are imdicated,

The impertance of fresh meat and the complexity of the eurrent
practical ratiens are emphasised. The level of herse mest is apparently
20t as important as the level of fresh animal prodmcts. The role of fresh
liver in the ration was a0t clarified, for although most ratiems coentained
it at variable levels, rations without it were spparently fully as suecess-
ful.

Significantly, mo mention was made of the use of dessicated animal
protein feeds other than the two instances in which liver meal was used teo
supplement the fresh liver.



FIGURE I
NMINK FEEDING alND MANAGE.WLNT QUZOTIONNAIRE

liame Average No. of kits per litter

Address Age at weaning Variety of mink

Average No. of mink stocked

Mating &
Malntenance Gestation Growth Pelting
From From From From
Ration Ingredient To To To To
(date) (date) (date) (date)
1. Horsemeat % Z % %
2.
Se
4.
5.
6.
7.
8.
Q.
10.
Total 100 % 100 % 100 5 100 %

No. feedings per day

Oz fed each per feeding (before adding water)
Malee o o o o o o

Femalee o« o o « o

Remarks on ingredients you feel particularly essential for a well

balanced mink ration:

Remarks on lngredients you feel are harmful or of doubtful value 1n a

mink ration:




FIGUnE I continued

Remarks on disease incidence and methods of prevention:

What are your objections to your present ration, 1.e., labor in

preparation, expense, scarclty of feedstuffs, etc.?

Gilve a brief resume of any outstanding management and feedlng prac-
tices you feel may have contributed to past successes and fallures

in mink ranching:

Any further comments:
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TABLE 5

A COMPARISOM OF RATIONS FED ON COMMPRCIAL MICHIGAN MINK RANCHES
(Amounts in Percent of Total Ration)

W
Ration Components

L]
. &
. 71 a 9
PiE2q, 1 §2 1
“ g8 =,4 8 g 3.4 F =
. % P o354 3§E - 4 22 233 L ¥ §
£ £ o £33 388 » 33 £ 33, E = &
e & % kb & e o e » S H o &
B EBEEELNERLEBEERERIEE R
4 ¢ 3 a8 8Fs 8%8 ks e 3 &9 L i
1610 3 20 3.9
a6 8 10 10 GE_ 1 5 0.5 a0 40
3568 2 11§ 7 210 70 4.5
4 3710 28 10 7 3 5 150__3.7
5 8610 15 o1 3101 1 3 250 3.7
€ 256 2 @ 101 Z 5 175 3.8
7 156 Jo % 18 1o 151 L0 2 5 5 7 4% 4.0
8__60 20, 12 .1 2 $ X200 4,0
s 230 17 3 8 5 L& 5 0.5 60 3.0
10 26 & 20 25 10 261,51 ] 430 1,8
U430 0 12 0.5 B Y
1225 4 25 243z 5 2.0 150 5.0
1205 155 15 51 2 5z 20 30
1 $ 280 3,9
18 29 5 % 832 s 10 4.0
16 5015 Y2 S S W 3 3 7 4.0
Al 40 15 0 13 2 x50 1.2
T 8 I 2 2.0
19 5512 5 26 2 b x 5l 3.0
205 3 W G 0 3 3 1T 1 150 41
T B2 3
51 I S T00 4.3
14 1
8 2
) 2

Total Mink 8566

Kit Average 3.6

Note: The percentage composition of the rations givea is an average apprex-
imation, as rations are changed with the seasons and with ingredieat avail-
abdbility and cost. Generally, the rations given are those in effect during
Bating and gestation as particular care is given feed composition at this

time. Not all percentages will total exactly 100 per cent 4ume to the in-
corporation of ingredients fed periodically, i.e., weekly or on alternate days.



TABLE 6

A COMPARISON OF AVERAGE RATIONS FED ON MINK RANCHES GROUPED

ACCOBRDING TO REPRODUCTION LEVELS

“Ki“m‘

Overall 4 and over 3 to 4 under 3
v
Horse meat 46 42.5 45.3 47.5
Idver ? 6.9 7.8 3.7
Fish 13 10.8 13.9 12.0
Chickea dy-products 3 4.2 2.8 0.9
Other animal Ydy-preducts 14 18,2 7.2 2.0
Commercial ocereal mix 1 11.1 11.7 11,3
Vitemia & mineral supplement 1 3.7 1.0 0.8
Theat germ meal 1 0.92 0.88 0.0
Brewer's yeast 0.5 0.38 0.50 0.62
Dried skim milk 1.0 0.88 0.55 0.0
Bon.o meal 0.5 0.92 0.33 0.50
Tomato or leafy vegetable 4 4.2 4.0 3.5
Fish oil
Total fresh feedstuffs of
animal origin 8l 79.6 76.8 83.2

s)



TABLE 7

RESUI®S FROM MINK MANAGFMENF QUESTIONNAIRE (1950)
(Idsted in Order of Frequency Reported)

An Evaluation of Common Ration Imgredients

Beneficial r of Doubtful V
Tresh mascle meat Rancid meat
Tomatoes Fresh animal by-products
Brewer's Yeast Chicken Ydy-products
Milx (fresh or dry) Uncooked rough fish
Tish oil Groumd greea bone
Green vegetadles Raw egg white
Bone mesal Potatoes
Cereal Greea vegetables
Fresh animal Wy-products Tomatoes

Commercial vitamin mixtaures

Objectiens to Pregent Ration

Cest

Scarcity (imereasiag)
Handling, storiag, preocessiag
Complexity

Qommep Digegses

Boils and abscesses
Salmonella
Botulisa

Yellow fat

Acidoels

Renal calenll
Pacumonia
Gastreo~-enteritis



V. FEEDING TRIAL I

Methods and Proceiures

The Michigan State College experimental mink ration reported by
Travis ot al. (1949) was modified to form Basal Ration I. Carbohydrate
availadility was increased by the use of cooked cereals. Proteina
qualisy was improved by increasing the soybean oil meal and fishmeal amd
adiing powdered skim milk, Iacreased vitamin content was achieved by the
additien of powdered skim milk, wheat germ meal, dried drewerts yeast,
sad distillers solubles. The calciumephosphorus ratio was altered.

The seveanteea mink availadle for experimeat were those reported oa
by Travis ot al. (1949) and were curreatly on the dietary treatmeats
reported by him,

One group coasistiag of three animals, and another group of four
animals, were changed from the Contrel Ration (Table I) te Basal Ratien I
(Table 3), with ene week allewed for transition. At the end of the eighth
week of the feeding trial, the first group received a sapplement of
homogenisged fish at a 37 per ocent level. The addition was made at the
expease of the ratiea. This group was compared with the second grenp
which remained on the uasupplemented dasal ration.

Tour animals currently eam Travis's ration were changed adbruptly to
Basal Ratien I. This allowed a direct comparison of the two ratioms.

A greup of five miak, previeusly used as a contrel group in the afere-
mentioned work, were centimaed ea the Control Ratioa as a coatrel greup.

1t was thought necessary to terminate the weekly weighings at the ead
of the tenth week of the feeding trial dessuse of mating and sudseguent



gostation and lactation., Dietary treatments were comtimmed umchanged.
Sapplenentation with the homegenised fish was discontimned oa the 138th
day of Teeding Trial I decause of the mortality among the animals of the
twe groups oa this $reatmeas. Duratien of the homogenized fish supplement-
ation had deen eighty-two days.

To allow some observations during the peried when weighiag was
restricted, four male mink were selected at random from the dasal groupse
and separated from the herd. Two of the males received the basal ratioa
sapplemented with 0.3 per cent dlemethiomine. The remaining two animals
received the basal ratioa supplemented with a mixture supplying 0.2 per
econt dl-methicaine; 0.28 per cent dl-lysine, and 0.3 per cent dl-tryptophane.
Daration of this treatment was six weeks, duriag which time the animals
were weighed weekly as usual.

Results and Discussien

The responses ¢f two dissimilar greups of adult mink to a change frem
the centrol ratioa to the Basal Ration I are given in the first period of
Tables 8 and 9 and ea Figure II. The similarity of response among ualike
snimals t0 identical treatment is feumd to de appareat when evaluated ina
terms of per ceat of the initial weight. Pigare II and Tadles 8 aad 9
reflect the unifermity of respomse between and within greups.

The iaadequacy of Basal Ration I is indicated by an average weight
loes of 31 and 34 per ceat for Group 1 aand Group 2, respectively. The
major portien of the weight loss ecoured duriag the first three weeks
follewing the ration shamge, (19 per ceat in the case of doth greups),
after waich dody weight tended to platemm.



The changes in dody weight h&doat to a change from the experimental
mink ration reported by Travis et al. (1949) to Basal Bation I are
reflected ia Tadle 10 and Pigure II. The first mentioned ration had beea
in effect for 145 days when Basal Bation I was iaitiated, No sigmificamt
responss was noted in the four females comprising the group. Initial
woight was maintained with little variation throughout the eight weeks of
the first peried.

The response to supplementation of the dasal ration with homogenised
fish is indicated during period 2 of Tables 8 and 10, and in Figare 1lI.
The two weekly weighings reflect a depressing effect in both greups, bat
more severe in Growp 3. This depressien is not moted ia the
unsupplemented Greup 2, Tadble 9.

The weekly weighings were digcontimmed at the end of the tenth week
of the feeding trial due to the inadvisadility of disturbing the animals
during matiag, gestation, and lactation, Fhe treatments were comtimned,
The homogeniszed fish supplement was discontimmed after eight weeks, due te
the moridbund conditiea of the animals receiving it.

A high and constant doldy weight was maintained by the animals in
Group 4, the Contzel Greup (Tadle II). A slight but uniform weight gainm
was demonstrated. This would indicate that the variations moted in the
other greups were primarily attriutadle to dietary facters.

The results of amino acid supplementation are shown in Table 12, A
moderately favorable response was exhidited by three of the animals,
Besponse frem the fourth was mildly depressed. None of the aninmals
indicated an adility to regain the weight lest on the basal ration.



Reproduction among animals on the experimental rations was markedly
depressed. Mating was difficult or impossidble. The males lacked the
weight and virility necessary to subdue the females fiom the Contmw 1l Group,
The females on the basal ration generally refused the males, exhiditing
20 signs of estrus. Only one dasal fed femals whelped. She had deen on &
ration devoid of fresh meat for a total of 30 days at the time of whelpiag.
Matings from a male fed the dasal ration for 120 days at the time of mating,
resulted in two litters from females of the Contrel Gromp.

Mink mumbers 8§ and 6 in Group ome, and mmmber 16 in Group three, died
during the oocurse of Feeding Trial I. All were on the dasal rationm
supplenented with homogenigzed fis. The disproportionate mortality ia
these greups resulted ia discontinnance of the homogenised fish supplement.
Necropsy revealed a similar patholegical synirome iz each of the animals.
Death was due te severe, chrenic gastro-enteritis with accompanyisg hepatic
and renal degenerative changes. These symptoms were attriduted to general
inanition. lesions peinting to a specific dietary deficiency were absent.

Iasaitien, often to & meriduni degree, was evident mmong the animals
subjected te the dasal ration. Admormal stools, excessive water consump-
tion, and a eonstant nervous running were generally observed. An obviocus
distaste for the bdasal ratiecn was displayed by all animals. Feed consump-
tt.on was sab-normal and many times amounted to complete refusal of feod for
extended perieds.

The performance of rats fed the dasal ration was fully equivaleat %o
that obtained on the stock ratiom. No deficiency signs were geen and
growth was normal.

A%



In general, sub=normal dody weight was maintained and mortality was
moderate on Basal Ratiean I. Owvulation, spermatogenesis, and gestation
were possible in at least one instance. Basal Ratien I, however, was
clearly showa to be iaadequate for maintenance and reproduction im mink.
There was no indication of improvemsat on the experimental mink ratiea
reperted by Travis ot al. (1949).

Sapplementation with a high level of homogenised fish falled to
correct any deficiencies, exerting a depressing effect instead,

Idmited work with crystalline amino acids indicated the primcipal
dietary deficiency of the basal diet not to be concerned with protein,

«d Qe
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TABLE 12

EFFECT OF AMINO ACID SUPPLEMENTATION ON BODY WEIGHT
OF ADULI MALE MINK ON BASAL RATION I
(Given in Grams and Percent Initial Weight)
(5/2/49 %o 6/20/49)

Average %

2 3 4 8 6
Initial
Veight
Methjoaine* .
Mink #10 660 70 750 70 765 760 610
%1.W. 106 114 117 116 115 92
Mink #11 8258 780 795 770 760 760 725
1.V 95 96 93 92 92 88
Amino Acid Mix**
Mink #12 840 908 910 830 8% 870 830
%I. W 108 108 105 106 104 99
Mak §l4 760 825 860 83 840 8T 800
41. V. 109 113 109 10 109 105

Initial We.
for Peried

110

93

105

109

*0,2% dl-methionine added to dry Basal Ration I

**in amino acid mixture was added to the dry Basal Ratioea 1

sapplying the following amounts of three amino acidst
dlemethionine  0.2%
dl-1ysine 0.25%

dl-tryptophane 0,30%

a4 e
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Vi. JYEEDING TRIAL II

Methods and Procedure

Basal Ration II (Table 3) was formilated in an effort to improve on
the inadequate Basal Ration I. Uncoocked cereal products were completely
eliminated in favor of cern flakes and shredded wheat. Meatscraps, liver
meal, and powdered skim milk were added to increase and improve the
pretein content. Forty-aime per ceat of the protein of the remlting
ration was of animel erigia.

Thirty-six dissimilar mink with a muatritional plane standardised ea
the Contrel Ration were car-ﬁil.y divided accoriing $o age, sex, heredity,
and sise into six similar groups. These were placed on differing
experimental ratioa treatments after ome week of gradual transition as
follews:

The dasal group received Basal Ratioa II,

@roup one received the basal ration supplemented with 0.2 per ceat
dl-methieaine.

Group two received the dasal ration and methionime with 3.5 per ceat
canned tomato puree.

Greup three received the Group two treatment, with 0.5 per ceat beef
extrasct added.

Group four received the basal ration supplemented with 0.5 per ceat
beef extract.

After ten weeks on the adove treatments, changes were imtroduced. The
beef extract supplementatien (Greup Feur) was discontimied, and Merck's

=49



Animal Protein Pactor Sapplement was added at i level to proviie 125 micro-
grams of vitamia By, per pound of the dry feed of all groups except the
basal and ceatrol,

These treatments were contimued for a period of five weeks, at which
time all existing sapplemeatation was discontimued, leaving enly the dasal
md. conxtrel groups unchanged. Group four was adbraptly changed to the
Control Ration. The remainimg three groups mo}vod the basal ration
sapplemented with casein at a 10 per cent level. Two weeks were allowed
for a respoase $0 these changes, at which time Peeding Trial II was
teminated to allow changes ia the basal ration.

Throughout this feeding trial, indepenieat exploratory efferts aad
observations were made on the effect of feed consistency amd the value of
fresh liver. The consistency of the dasal ration was varied from moist
gramlarity to scupiness by increasing er decreasing the amount of water
sdded. Gelatin added to the basal ratiom resulted in a congealed form,
similar in consistency to meat, which could de fed ia chunks,

Short term supplementation with various levels of fresh minced liver
was tried with animals exhiditing signs of depletion on Basal Ration II.
It was anticipated that, if ratien insufficiency was due to factors preseas
in liver, the depleted body stores would be repleaished and a favorabdle
grewth respomse should follow.

Results and Discussion
The individual and collective respomses of the animals to the varied
dietary treatments of pericd 1 are givea in Tables 13 through 18. Weekly
weights are reported in grams and in per cent of the imitial weight, The



means for the weeks and for the period are reported in per cent initial
weight only. The average per cent of imitial weight maintained during the
period, showa in the last column, allows comparison of animals and groups
on the dasis of perfermance darimg the entire period, without complete
emphasis on the termimal weight.

An snalysis of the variance smong terminal weights of she five
groups deing fed the dasal ration, with and withous supplementation, is

as follows:
Degrees of Mean
Source of Variation ____ TFreedom _____ Square
Total 26
Treatments 4 89.28
Animplg 22 113,72

The ¥ ratie poiats cut the complete absence of variation smong the
greups. It is quite apparent that the supplemmtation did not influence
the value of Basal Ratioa II. Any, er all, of the greups can therefore
be compared with the Coatrel Greup. ZTable 19 facilitates the comparisoa
of the weekly means of the six groups. The inadequacy of the dasal
ration, as compared with the control, is apparent. The control group
shows a gain during the period of 17 per ceat of the initial weight with
an average of 115 per cent of the initial weight maintained during the
period, These greups receiving the experimental treataeats show weigzhs
losses of from 12 to 22 per cent at the end of the period.
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Period 3 1s concerned with the effect of vitamin B,, supplementation.
The response of the animals are given in the same manner wsed for peried 1
in Tables 30 through 35. The per cent of initial weight given is based on
the weight at the start of the feeding trisl, rather than the weight at the
boginning of the period,

An amalysis of variance among groups of the terminal per cent initial
weight 1s given delow. Again, only the groups receiving Basal Bation 1l
and its modifications are included,

‘ Degrees of Mean
e of v tion

Total 25 -
Treatments 4 L2 Y
Animals 21 184,95

) 334/1“.95 a 1.8 r.gs (‘.21) - 2,84

The weight variance among groups on different Basal Ration II mod~-
ifications is insignificant at the 5 per cent level, although more
variation exists than in period 1. The addition of vitamin ’12 has not
sigaificantly influenced the ration, nor have the other contimmed
supplementations.

Table 36 allows comparison of the average per cent initial weights
of the greups on experimental and control rations. The Coentrol Greup
agala demonstrated its superiority by sbowing a weight increase while the
experimental groups failed to regain any of the weight previocusly lost,

Two majer comparisoms are made during the two weeks of period 3.
The respense to the addition of protein, in the form of casein at the



10 per cent level, is compared with that obtained when the Control Ration
replaced the dasal rutien.

Tables 31, 32, and 23 under period 3, show the absence of a favoradle
response in bdody weight within groups given a casein supplement in lieu of
the existing ineffectual supplemsnts. This can de compared with the
immediate axd strong response te the substitution of the Control Ratien for
the experimental ration. Group averages are compared in Table 26.

Observations on feed consumption as influenced by the consistency eof
the ration, were oconclusive. When the dasal ration was effered in a
relatively dry form, wastage was great and the animals consistently refused
to eat. When offered as a soupy consistency, there was little wastage
bt feed consumption was reduced, spparently decause the feed could mot
be carried into the mestbox. Additien of gelatin allewed the feed to be
fed in chunks amd the texture was thought to be similar to meas. This
414 mot appear to influence feed consumption. Neither was any appareas
benefit derived from this added easily digestible protein source.

Sarplus animals, fed Basal Ration II until signs of inanition
appeared, received minced liver mixed in the dasal ratien, at levels of
10, 20, and 20 per cent of the dry mixture. These treatments were Con-
tinued for seven days ard then the liver was discontimed. The animals
receiving liver at the X0 per cent level, exhidited marked weight gains
during the week the liver was fed. Animals receiving liver at the 30 per
cent level, gained in weight Wt the weight gains were less. Animals
receiving fresh liver at the 10 per cent level demonstrated mo significamt

weight increase. Weights imcreased during the liver supplementation were



non-persisting. Weight loss had occurred bty the end of the following
week and by the end of the second week, weights had returned to a point
slightly delow that shown before liver supplementation.

Apparently the weight increases were not the resuls of supplyiag a
depleted trace substance. If sach had been the case, some respoase
conld have been expected from the 10 per oent lsvel of liver. The
Tespomse coull de attribtuted to increased food consumption due to im-
ereased palatability. Unfortunately, feed consumption was mot measured.

Six animals fied during the course of the feeding trial as moted
ia the tabulations. All deaths occurred within groups oa the dry ration
treatments; however, correlation with sipplementations is impossidle.
The deaths are considered only to bde symptomatic of the inadequacy of
the basal ration. Without exception, the termimal cause of death was
a gastre-enteritis of varying severity. In mest iastances, gastriec and
intestinal hemorrhage was preseant, The chromic nature of the conditien

was indicated Dy the extent of accompanyiag remal and hepatic degeneration.

~Y
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VII. TFEEDING TRIAL III

Methods and Procedures

In an effort to correct deficiencies contributing to the failure of
Basal Ration II to support optimum maintenance of adult mink, Basal
Ration III was formulated (Table 4). The eutstaniing chamges were ia the
direction of improved protein quality ani imcreased vitamim content.
Povlered skim milk was increased § per ceat (from 10 %o 15 per cens) at
the expense of the soybesm oil meal, Lederle's *Fortafeed 2-49C" amd
"Parve® supplied imcreased levels of riboflavin, pantothenic acid, miacim,
choline, and folic acid. To counteract a vegetadble protein deficiency,
crystalline methionine was aided to the basal ratien, despite its past
failure to indnce a detectadle response. Rice Crispies replaced the
shredded wheat and corn flakes of Basal Ratiea II. The addition of sediua
chloride to the ration was discontimaed.

The dietary treatmemts of Feeding Trial II were terminated and new
treatments initiated without a gradmal transition. The animal groupiags
were contimied unchanged. "

The initial three weeks of Teeding Trial III were designed to dis-~
close say imprevement effected inm Bagal Ration III over Basal Ratioa II
and to contimme to test the value of caseia ami vitamin B, as a
sappleasnt. The Coatrel Group and ene group en Basal Ration II were
contimed without change. Three groups were changed $0o Bagal Ration III
from Basal Ratioa II plus 10 per ceat casein. Basgal Ration III was
sabstituted in the Basal Ration II - APF modification received by Group

P



Tour and Pair B of Group Six. Pair A of Group Six was contimued on the
basal ration - casein modification with Basal Ration III replacing the
previeus basal ration.

As the ead of the third week, it was felt some measure of the ability
of the animals to respond to a faverable dietary situation should bde
determined in view of preloaged previcus severe and differing matrisional
stresses. This would allow a compariscn of response poteatial imhereat
ia greups en different dietary treatments., It was also hoped this would
tend to standardize the mutritional plame among the greups. Accordingly,
at the begianing of the fourth week, all groups excepting the Comtrel
Group were givea & ratiea consisting of equal parts horse meat and Basal
Ration III.

After one week of the above mentioned recovery amd standariisatioa
period, the second phase of the feeding trial was introdueed. Its
parpese was to determine the offect of adding horse meat, two levels of
fresh liver, vitamin llz. smd casein on the value of Basal Rasion III as
a mink feed. The animal groupings were contimred uachamged, The Contrel
Group contimed to receive the control ration. ZRach of the animal groups
received one of the following additions te the basal ration: B0 per cent
horse meat; 30 per cent fresh liver; 10 per ceat fresh liver; 20 per ceat
fresh liver plus 1 per cent Merck's APT Sapplement; 40 per cent horse
meat plus 10 per cent fresk liver; 20 per ceat fresh liver plus 10 per
cent crude casein; amd 30 per ceat fresh liver plus 10 per ceat crude casein
plus 1 per cent Merck's APT Supplement. These treatments were contimmed for

seven weeks at which time whelping rendered it insdvisable to contime the



weighiag of the females.

The whelping females were eliminated from further dietary modifications
but the groupings were maintained and new treatments initialed with the
availeble mink. Some of the existing supplementations were discontimed
to allew a comparison of the effects-of sddition and deletion. Other
supplementations were replaced in an effort to determine the effective
principle inhereat in the original supplement. 4 short term trial was
made with soybean oil msal replacing 50 per cent of the ratiom in the
hope such an extreme level would give clearcut results on its palatability
and digestidility.

Daring the last two weeks of this final seven week period, all groups
except the contrel were placed on a recovery ration comsisting of equal
parts Basal Ration III and horse meat.

Phase I

Tadle 27 shows the four animals of Group One, contimmed on Basal
Ration II, to exhidit a uniform weight loss most severe in the first week
tut contiming steadily threugh the third week. Daring the fourth week,
the recovery ration effected a retura to the starting weight.

Tables 28, 29 and 31 tabulate the weights of the animals in Groups
Two, Three, and Tive, changed from Basal Ration II plus 10 per cent crude
casein to Basal Rasion III. A moderate weight loss similar smong indiviinals
and groups, is showa to occur during the first three weeks. The recovery
ration, fed during the fourth week, resulted in a recovery ef lest body
weight.

The weights of the animals comprising Greup Four in which Basal Batien III



Plus APF replaced Basal Ration II plus APP, are given on Table 30. The
mean weight loss here is very slight, but a variation from 79 to 106 per
cent of the starting weight is displayed among the individusls of the
group at the end of the third week. The recovery ration resulted in a
gain by all animals, but again considerable variation is moted in
individual response.

Table 32 gives the weights of animals comprising Pair A and B of
Group Six, following the substitution of Basal Ration I1II for Basal 1I.
Both animals of Pair A on the 10 per cent casein supplement, are showm
to exhibit a slight weight increase during the first three weeks follewed
by a moderate increase durisg the week of the recovery ration. The two
animals of Pair B, receiving 1 per cent Merck's APT Supplement ia .addltion
te the casein, are unlike in their response. Mink #114 displayed a mild,
steady weight loss during the first three weeks and a slight weight in-
crease after the recovery ration - a response typical of the pattern set
by the other groups. Mink #1 gained slightly the first week, maintained
weight during the second, mmd lost slightly the third, The recovery ratien
d4id not yield a weight increase; instead, a further moderate weight loss
resulted.

Table 33 gives the weekly average weights for animals of the Contrel
Greup. ZThe consistent weight decline resulted from a purpesely restricted
food inteke to reduce body weight to the level believed to de best for
reproduction.

A tabulated comparison of group average weight ehanges in terms of per

cent of the starting weight is given oa Table 34 and a graphic represeatation



is made on Figure I1I.

It is reaiily aspparent that the introductiorn of the mew dasal ration
414 mot result in a marked body weight increase except in the case of
Pair A, Levels wers, however, markedly above the group contimued on Basal
Ration II, in which a more marked and consistent weight decline is motel.

An indication of the effect of casein supplementation should be
uppliod by a comparisom of the response of Groups Two, Three, and Five
ia which casein supplementation was discontimmed, anid Pair A smd B of
Group 8ix ia which casein supplementation was contimmed.

The first mentioned three groups demonstrated a similar respomse
to the diet change. The initial weight loss following the elimination
of the casein is felt to bde indicative of its past beneficial effect.
Although the accompanying change im basal rations makes the respomse less
specific, it would seem likely the depression below the level of
comparative groups could de attributed to an additive effect resulting
frem the deletion of the casein. The weight gaimn exhibited bdy Pair A -
the most clearcut evidence of ration improvement - would tend to attridute
a stimlating effect to the casein cemdined with an improved dasal ratiom.
This is not Dorae ocut by the typical response shown by Pair B to a diet
identical except for the aidition ef 1 per cent Merck's APT Sapplement.
This pair departed from the pattern established by the other groups by
maintaining body weight during the first twe weeks btut failing to respond
te the recovery ration, Im fact, a mi1d weight depression followed the
addition of meat to the bdasal ration. This could mot be attridutei to the

presence in the supplemented dasal ratiom of the weight stimalating factor



present in the meat for both animals were losing weight at the time of
initiation of the recovery ration. Jurthermore, it wouli seem in-
conceivable thet the APP supplement could suppress an existing favorable
response to the casein. Table 32 shows that most of the aberrant response
is attributable to one mink of the pair, and in view of the limited mumber
of animals, no conclusions can be made, It would seem that this dis-
crepancy could be well attributable teo individual variation.

Group Four, contimed en an APP supplemented ration, displayed a
weight pattern differing from those receiving the unsupplemented Basal
Ration III only i a reduced weight loss in the first week and in the
variadility of response of the amimals comprising the gremp.

Besults from the first phase of FTeeding Trial III would seen to
indicate a Basal Ration III te be an improvement on the preceeding dasal
ration, Casein would geem to de the most effective non-fresh meat
sapplement attempted as evinced by weight loss when removed and impreoved
performance whea added, The effect of the addition of vitamia 312 and
antibiotics in the form of Merck's APT Supplement was mot clearly demon-
strated. It would geem that any existiag effect tended to depress bedy
weight. Basal Ration III, when supplemented with a high level of fresh
meat, was more eoffeotive in producing weight gain than when fed alone or

with the supplementation intreduced.



TABLE 27

WEEKLY WEIGHTS OF MINK IN GROUP ONE®*
(Given in Grams and Percent Initial Weight)
(2/18/50 to 3/18/50)

Iime in Wooks 1 2 3 4 Average Percent
Initial Initial Weight
VWeight for Peried
Mnk $#27 780 720 700 680 70
%1, W 92 90 87 99 92
Miak #12 610 670 8580 560 880
$ 1. W 93 95 92 95 94
Mink #2 680 600 580 850 640
41, W 88 8s 81 94 87
Mink #103 1000 980 980 940 1050
$1. W 98 98 94 108 99
Mink $108 1210 1200 1140 1130 12370
$1.W. 99 94 92 105 97
Group Average
% Initial W&, 94 92 89 100 99

*Diet: =« Contimned on Basal Ration II
4th week - Bagsal III plus 50% horse meat



WEEKLY WEIGHTS OF MINK IN GROUP TWO*

TABLE 28

(Given in Grams and Percent Initial Weight)

(2/18/50 to 3/18/50)

Vee 2 3 4 Average Perceat
Initial Initial Weight
Veight for Period
Mink $#26 660 520 640 540 580
$ 1. W 7 97 82 88 86
Mink #24 670 600 640 620 700
1. W 89 95 92 104 95
Mink #7 690 520 580 540 640
$I.W, 88 98 91 108 96
Mink $105 1050 960 920 900 %40
% 1. W 91 88 86 90 89
Mink #113 910 840 900 870 930
$I1.W, 92 99 96 102 4
Group Average
% Initial W&,

*Diet: - Changed from Basal Ration II plus 10% caseia to
Basal Ratieon II1 at start of peried.
4th week -~ Basal Ration III plus 50% horse meat



TABLE 29

WEEKLY WEIGHTS OF MINK IN GROUP THREE*
(Given in Grams and Percent Imitial Weight)
(2/18/50 to 3/18/50)

Zime in Veoeks 1 2 3 4 dverage Percent
Initial Inisial Veight
Veight , for Period
Miak $#28 700 620 700 630 760
%$1.W. 88 100 20 108 98
Mink $18 660 €70 720 600 660
41, W 101 109 91 100 100
Mink #21 630 880 580 840 600
$1. W 92 92 86 95 )|
Mink #6 600 6520 520 8560 620
$1. W 87 87 93 103 92
Mink $106 70 730 T80 800 920
$1.W, 98 101 104 119 105
Mink #115 1270 1200 1150 1160 1260
$1. V. % 90 91 99 93

Group Average
% Initial Wt, 93 96 92 104 9%

*Diet: - Changed from Basal Ration II plus 104 crule casein to
Basal Ration III at start of period.
4th week - Basal Ratier III plus 50% horse meat.



TABLE X0

WEEKLY WEIGHTS OF MINK IN GROUP FOUR*
(Given in Grams and Percent Initial Weight)
(2/18/50 to 3/18/50)

[ 1 2 3 4 Average Percent
Initial Initial Weight
Veight for Peried
Mink #15 740 0 740 700 760
%I, W 100 100 %4 103 99
Miak #20 640 680 740 680 780
1.V, 106 116 106 122 112
Miak 430 740 680 700 700 720
%$1.W. 92 94 94 97 94
Mink #5 740 720 780 740 800
$ 1.V, 97 105 100 108 102
Mink #116 880 750 800 700 800
$1. W 85 9% 79 91 86
Group Average
4 Initial We. 96 101 95 104 99

*Diet: - Changel from Basal II plus 14 Merck's APT Supplement
to Basal III plus 1% Merck's AFT Supplement at stars
of peried,
4th week - Bagal Ration III plus 850% horse meat,



TABLE 31

WEEKLY WEIGHTS OF MINK IN GROUP FIVE®*
(Given in Grams and Percent Imitial Weight)
(2/18/50 to 3/18/50)

Time ia Veeks | 2 3 4 Average Percent
Initial Initial Weight
VWeight for Peried
Mok #23 620 550 600 540 620
$1. V. 87 95 86 98 9
Mink #17 540 480 480 460 560
$1. W, 89 89 8s 104 92
Mink #101 950 900 900 940 940
1.V 95 98 99 99 97
Mink #109 970 890 940 940 1070
$1. W, 91 97 97 110 99

Group Aversge
4 Imitial We, 90 94 92 103 1

*Diet:= Changed from Bagal II plus 10% crude casein teo
Basal I1II at start of period.
4th week -~ Basal III plus 50% horse meat.



TABLE 32

WEEKLY WEIGHPS OF MINK IN GROUP SIX*
(Given in Grams and Percent Initial Weight)
(2/18/50 to 3/18/50)

Xime in Vecks 1 g 3 4 Average Percent
Initial Initial Weight
Weight for Periocd
Salr A
Mink #117 1340 1220 1280 1320 1380
$I1. V. 98 103 106 111 104
Mink #110 840 800 849 860 920
%I, W 9 100 102 109 101

Pair A Average

% Initial Wt. 97 102 104 110 102
Pair B

Mink f114 1300 1240 1250 1160 1220

%I, W, 95 9% 89 94 93
Mink §1 750 780 780 740 680

$1.V, 104 104 99 9l 99

Pair B Average
% Iaitial Ws. 100 100 94 93 2

*Diet: ~ Pair 'A’
Changed from Basal Ration II plas 10§ crude caseia to
Basal Ratiom III plus 104 crude casein at start of peried.

Pair 'B?*

Identical with Pair 'A' with an added 1% Merck's AP?
Sapplement.

.. 9



TABLE 33

WEEXKLY WEIGHTS OF MINK IN CONTROL GROUP*
(Given ia Grams and Percent Initial Weight)
(2/18/50 to 3/18/50)

1 2 3 4 Average Percent
Iaitial Initial VWeight
VWeight for Period.
Mink #10 870 800 760 750 780
$1. W, 92 87 86 2 89
Miak 413 810 800 760 720 700
$1I.W ] 94 89 86 92
Mink #14 800 800 760 70 720
1. V. 100 95 91 90 94
Mok #3 980 870 88 840 840
$I.W 89 90 86 86 88
Mink #102 1550 1500 1540 1460 1460
$1. W 97 29 94 9 96
Miak 111 1440 1400 1480 1380 1360
41,V 97 101 94 94 98
Group Average
4 Initial W, 96 9% ) 9 93
*Diet: = Conmtrol Ratioen



TABLE 34
FEEDING TRIAL III

A COMPARISON OF THE AVERAGE PERCENT INITIAL WEIGH?

MAINT AINED BY GROUPS ON VARIED RATION TREATMENTS*
(2/18/50 to 3/18/50)

Jime in VWeeks D 2 3 4 Average Percent
Initial Weight
for Period

Coatrol Group 96 % 80 90 93

Group One 94 92 89 100 94

Group Two 8s 95 89 98 93

Group Three 93 96 92 104 96

Group Four 96 101 96 104 99

Group Five 90 94 92 103 %

Group Six

Pair A 97 102 104 110 102
Pair B 100 100 %4 93 96
*Diets: - Control Group - Control Ration contimmed from previcus period.

Group One « Basal Ration II contimed frem previcus peried.

Oreup Two ~ Changed from Basal Ration II plus 10% crude
casein to Basal Ration III at start of peried.

Greup Three -~ Identisal with Group Two.

Group Your - Changed from Basal Ration II plus 1% Merck's
APT Supplement to Bagal Ration III plus 1%
Merck's APF Supplement at start of period.

Group Five = Identical with Group Two.

Group Six:

Pair 'A' « Changed from Basal Ration II plus 104 crude
casein to Basal Ration III plus 10% crude casein
at start of period.

Pair '»! ~ Identical with Pair 'A' with an added 1¥ Merck's
APY Sapplement.

All groups changed to Basal Ration III plus 50% horse meat at
end of 3rd week, except the Control Group.
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Phase II

Responses to the indicated dietary changes introduced during the
seoond phase of the feeding trial are tabdulated on Tables 35 through 43
inclusive, and graphically depicted on Figure IV. The responses are, in
some instances at least, confused by variations attritutadble $o re-
production. Especially is this nmoted im gravid females in the latter
stages of gestation. Animals whelping shortly after the final weighing
are indicated.

The equality of weight response in the Control Group smd Group Ome
would indicate the basal ration to be equal to the control ration whem
supplemented with an equal amount of horse meat.

The weight response of Group Five shows no ration improvement when
10 per cent on the 50 per cent meat supplement is replaced with fresh
liver. Veight patterns observed in this group are similar and slightly
lower than those of Greup Onme.

Groups Two, Three, and Four are similar in their response. This
would indicate 1little or mo difference between a 10 or 20 per cent level
of liver., Neither level resulted in a mormal weight iacrease. The
addition of 1 per cent Merck's AP? Supplement again seemed to result ia
a mil4 depression of dody weight,

The response to casein and liver as evaluated by Pair A of Group
Six mld‘corta&nl,y again indicate failure of the liver to replace the
horse meat of the procoodind ration. However, even after the weight loss
subsequent to the replacement of the horse meat with 10 per cent liver,
the weights are within the limits of normalcy.

Any effect of APY on the casein and liver supplementation is not



demonsgtrated dy Pair B. The two animals gave differing responses, the
male in & manner similar te Pair A, The weight increase exhibited by
the female would well be attriduted to gestation for she whelped within
seven days after the final weight.

Again Bagal Ration III was shown to be fully equal to the Comtrol
Ration when supplemented with §0 per cent horse meat. Liver gave mo
indication of being superior to horse meat as a supplement. The moderate
response resulting from liver supplementation would appear directly
related to its ability to furnish the mutrieat facters and palatability
of fresh meat. Animal Protein Factor supplementation again tended te
demonstrate a slight weight depressing action. Casein again gave seme
evidence of value as a supplement, although it was ineffective to
pPrevent loss when 20 per cent liver was sudbstituted for 50 per cent horse

meat supplement,
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Phase 1II

At the end of ths eleventh week of Feeding Trial 1II, dietary Sreat-
ments were again readjusted. Groupings were mo longer intact, due to the
elimination of whelping and lactating females. The animsls contimaed on
experiment were left in the previcus groupings to preveat the confusing
iafluence of differing dietary history. The males and females are treated
_separately becanse of possible variation in response during repreductiona.

The first three weeks shown on Table 43 iniicate the weight respense
following an abrupt withdrawal of the supplementation of the previous
pericd. The animals of Group Your, receiving Bagal Ration III supplemented
with 20 per cent liver and 1 per cent Merck's APF Supplement at the start
of the period, are showa to display a weight loss. The three males of
Group Six, receiving the 20 per cent liver and 10 per cent casein, demone
strate a similar weight decline.

The effect of the addition of an equal amcunt of soybean oil meal to
the dasal ration is shown in the second peried of Table 43. Surprisiagly,
a markedly favorable respomse resulted iam all animals. The respomse d1d
not persist threugh the second week ia the females of Group Four; however,
the effect was generally more persisting in the males. Mink #6 died the
day following the termination of the soybean 0il meal supplement. The
cause of death was determined to Ve panecumonia so could mot be directly
attriduted to a dietary imadequacy. No degenerative changes in the organs
was noted and adequate body fat was preseat.

Increased feed consumption observed during the time the soybean oil
meal supplementation was in effect, is believed to be respomsidle for a
part of the faverable respomse. This would indicate soybesm oil meal to

~ -



be relatively acceptable to the mink.

The soybean 0il meal supplementation was discontimued after two weeks
and replaced with horse meat. The uniformly favoradble response is in-
dicated in the last two week period on Table 43. Again, increased food
congumption was noted,

Table 44 compares the responses of mon-whelping females to the
indicated dietary treatments, Only imitial and terminal weights are givea
for it was felt to De imadvigable to contimue weekly weighings during the
time when pregnancy was im doudt. Table 45 gives the same information for
the males and weekly weights are reported. Corresponding groups of the
two tables received ideatical dietary treatments. Separation was made only
$0 segregate any sex variation.

The Control Group demonstrates the general weight decline, most
evident in the females, mormally observed during the first warm months,
This is also spparent iam Group Ome which was contimued on the 50 per cent
horse meat supplementation, Similarity of responscs iz the two groups
would indicate a similar matritional plane.

The weight less incurred by doth sexes in Greup Two follewing the
sabstitution of 1 per cent amino acid mixture for the 10 per cemt liver,
would indicate the failure of these amino acids to replace the liver, The
male and female constituting Group Five show even greater weight loss
following the substitution of the amino acii mixture for 40 per cent horse
meat and 10 per ceat liver,

The weight response of the males of Group Three (Table 45) indicate
& 10 per cent casein supplement to de as offoctﬁe as a 10 per cent liver

supplesent. A similar response is moted in one ef the females (Table 44)
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bat the other is shown to lose markedly., This mink, however, is shown to
be in a refractory state as evinced by her failure to responi favoradly to
the sabsequent recovery ration.

The response to the recovery ration, Basal Ration III plus 50 per
ceat horse meat, is shown on Tables 44 anl 45. The Comtrol Group amd
Group One were contimaed unchanged, and little weight change is imdicated,
All other averages show a favorable respomse. There is little imdication
that any of the supplementations had either altered the adility of the
animal to respond er sericusly modified the mutritional plawe.

The fimal phase of the feeding trial was handicapped by the emall sisze
and dissimilarity of greups. Interpretation of results was made difficult
by the masking effect of weight variation normal in mink at this seasom.

It was intended only to make the best possidle use of the time and animals
available to disclese the more obvious tendencies. JFor these reasons, mo
fine distinctions are attempted.

Iiver at the 20 per cent level again demonstrated an adbility o exers
a favorable influence on the basal ration. Not, howsver, im the dramatic
manner of a critical deficlency correctien, Its rele seemed to be that of
any fresh meat ratioa ingredieat. Casein at the 10 per cent level appeared
to have an effect similar to liver at a like level.

A high-level supplementation with soybean o1l meal resulted in the ealy
markedly favorable respomse ia the drief time allotted. It was noted that -
the meal seemed relatively palatable to the mink, increasing feed comsumption.

Other supplementations failed to demonstrate a digscernidle effect.

This does not negate their ability to imfluence the ration, but an iaflueace
less than critical is indicated,



001 LOT £6 -] 8 &8 98 28 @2 ¢£6 ‘419
0811 0got 096 008 008 006 O20T OOIT 4TT#f XuUIN
AOQSV
Y8 duexp
434 § 20wl 6 00t 16 -7 68 OOt D6 ‘A1
oylT BTl 008 O28 008 006 098 O©0068 9TIT$ WM
?ogv
T 3 6 9% % %8 68 % %8 o8 16 3 (9T
§ oFexeay
*el8 c8 08 ~08 8L o6 OOt LIy
099 09 g9 Ows 008 008 o NN
-7 3 0T 8 e 18 48 —08 W 7 ‘R ‘19
e 009 008 O9S %S O08y 08y 029 024 UM
[ %€ o9 8 %8 00% [1] ¥ V8 46 8 ‘1§
eeL 0Bl o 0% o9 oW OB 092 ST# X=M
Jﬂaﬂ;ﬂuﬂ«g (seTomey)
suyd II1 uoyyey Teseg surd II] wolIwy yeseqg 111 uwotawy jeseg
¥aoy doelp
wieg
303 @t potIeg 103 potIeg 103 sy2ren
TeIIT8] 3uep wTtep TOTITR] AITeA TUILIUI T3]
~30g oFvIeay T 1 Wueeaeg eFe3eay” ¢ | sweoleg edexeay” ¢ 4 1 Yo%) ©Y WELL

(0g/0t/9 © 08/9/8)
(YG2TO8 TPTATU] 3USOISZ PUR SWEID W] WeATD)
SLXINIVINL HOIIVE QIIUVA RO STYRINY &0 HOSIHVANOD ZHOITA V

£y TVl



equz Apoq eswvbepe YITA POUSTITOU TIOA ‘soPueyd eAtIvIcoUsTOp OF cwuomnoud 0y SUVP YI®H(Jee

~ g0t — It oot ~ ¥ % 16 £ ~48 &6 €6 —*3% (I8l
eFexeay
1 JOT o6 6 26 26 6 10 Jw ~ 00V M..—J.ﬁw..
Q0IT OLE 098 096 ovs o¥oT OPOT T4 XUTN
B 1430 j 0T oYL Ot o0t 86 ﬂd Lmq_wl 1§
008 008 084 008 O1l$ XU
||ﬂumd§]ﬂamﬂ§
supd 111 wopISy Tesvg surd ]I UOTIvE (vseg 111 uvegawy yeseqg
poyxed
207 uFtep potIed 303 potIeg X0 su?tepn

TeTaTU] U9 uFTopn TOTAIV] uFton TeTMTE] 13Tl

30 OPu304Y € 1 JuedIsd oFuIeay 2 T sues3eg eduxery ¢ 2 1 syooy UT WYY

(vomuiauo)) £¥ FIAVI



TABLE 44

A WEIGHT COMPARISON OF FEMALE MINK ON VARIED RATION
PREATMENT S
(Given in Grams and Percent Initial Weight)
(5/6/50 to 6/24/50)

Initial End of 5~Week End of 2~Week
Yeight 1 od Recovery Peried
Control Group
Mink »13 740 620 600
$1.7. 84 81
Mink #14 820 740 800
%I. W 90 98
Aversge %
Initial W, 87 89
Group One
Mink #27 840 700 660
$1. W 83 79
Mink #2 880 660 740
1. W, 75 84
Aversge %
Initial Wt. 79 8l
Gr
Mink #26 760 580 660
$1.W, 76 87
Mink 424 820 660 640
$I.W. 80 78
Mink #7 760 540 600
%I.W 7 79
Average %
Initial W¢, 76 81
Thre
Mink $28 700 720 800
%I W, 103 114
Miank #6 700 540 540
$1.W 7?7 7
Average %
Initial Wt, 90 98

RaAT 500

$1.V. 78
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VIII, OBSERVATIONS ON RESPONSES OTHER THAN BODY WEIGHT

Mention of morbidity and mortality has been intentionally omitted
heretofore. Neither established a trend which could de attributed to
any dietary treataent, with the exceptioa of the inoreased mortality
apparently resulting from the homogenized fish supplement ia Feeling
Trial I. Furthermore, it was delieved impossible to attribute death
to a particular dietary treatment whea the same animals were sudjected
to a contimaous series of varied, short term ration modifications. These
facters nﬁ thought to be illustrative of the overall experimemtal
period,

The total casualties duriag the three feeding trials mumbered 16.
Four animals died during Feeding Trial I: eight during the second feeding
Srial and four in the last, ZThe patholegy exhidited a similar pattera
throughout., The terminal cause of death was typically inamition
accompanied by, and prodadly resulting from, a severe gastro-enteritis,
usually hemorrhagic. Typical perenchymal changes foumd at post morteam
included severs fattiy degeneratioa of the liver and renal damage. In
soas instances, signs of imanition were completely abseat. Diseases and
infections commonly occurrisg im mink were generally abseat.

Reproduction was mot reported im the foregoing. It eoccurs Wt once
each year and, as previcusly pointed ocut, is depenient on many mon=
mtritienal factors as well as past dietary treatment of undeterminmed
duration.

Two mating seasons were mo-jaa:ed in the period covered by this



work, Ia both, reproduction was sub-normal in both the control and ex-
perimental groupings - markedly so i{n the latter. Animals on the
experimental treatments were founsd loath to mate and often darren ani
sterile. Normal reproductive ability, however, was demonstrated dy doth
sexss on the mash type rations. Lactation was successful, although
depressed.

All experimeatally fed animals displayed a merveus restlessness
and irritability. Teed consumption was erratic and submormal whea
compared with the comtrol group. The general lack of palatadility eof
the basal rations was apparent,

A persistent 4diarrhea and excessive water consumption were the
principal odservable physiologic respemses to the mash type ratieas.

Jar quality, although important, was mot considered due %0
difficulties inhereat ia classification and the dependeace of $his
characteristic oa hereiity.

2103



IX. SUMMARY AND CONCIDSIONS

Considerable progress was made in approximating a fresh meat mink
ration with a d4ry fe;d comprised of cereals, dessicated animal products,
vegetadble proteins, vitamin concentrates, and minerals. Successive
improvements ia protein quality, digestidility, and vitamin content
resulted in a steadily improved animal response. The last and most
successful basal ration was found to support subnormal growth and re-
production when fed alone. The rapid recovery and reproduction perform-
ance obtained from the aldition of 50 per cent horse meat in Feeding
Trial III would indicate normal growth and reproduction to be possidle
when the basal ration was supplemented with a level of mesat comsideradly
lower than in the control ration.

Efforts, through supplementation, to identify the critical fresh meat
facteors lacking in the dry mash rations, were generally ineffective. Results
would indicate the shortcomings mot to be vitamin in nature, for high levels
of all known major vitamins, from matural and concemtrated sources, fuut
to effect correction. JTurthermore, liver, a rich source of vitamin and
essential micro-matrients, failed to yield a markedly faverable effect whea
fed at levels intended to minimise the fresh animal protein values. Fresh
meat mist be incorporated at levels far above those commonly associated with
trace factor scurces before corrective action is moted. AMditional evidence
against a vitamin deficiency is offered by the adbsence of any synirome
typical of an avitaminosis.

The favorable response to the excellent protein quality of casein would



indicate a minor part of the deficiency to bde protein ir nature. Amino
acid supplementation disclosed the deficliency not to be in the three most
likely amino acids, methionine, lysine, and tryptophane. Failure to
effect complete correction indicated the critical deficiency to dDe else~-
where.

Absence of evidence for a specific mtrient deficliency, ocombined with
the apparent adequacy of the experimental rations, would strongly indicate
the principal famlt to lie in the direction of palatability amd digest-
ibility. This is dorme cut by observations on feed consumption and fecal
volume,

A successful contimance of work in this field would appear to de
predicated on an i.qprovenent in the palatability of the dry ration. When
satisfactory food consumption is achieved, the prodlem of improved
digestidility will become of cardinal importance.
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