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Foreword
"There is nothing, Sir, too little for so little a creature as man. It

is by studying little things that we attain the great art of having as
little misery and as much happiness as possible." (Johnson to Boswell
for his Private Journal).

Dr. Herrell DeGraff, a well known food economist, has said
"Our present American agriculture is a yeasty mass, bubbling with
technical, economic and sociological change."

Although the mink industry is a small, highly specialized seg-
ment of American agriculture, Dr. DeGraff has adequately described
it. The ever-changing fur market supply and demand, both domestic
and foreign, feed source and price fluctuations, threat of new and re-
curring disease outbreaks, genetic variations, and the genetic-nutritional
interrelationships provide a moving panorama of situations anti prob-
lems. These may he stimulating or discouraging, rewarding or dis-
astrous.

The tools with which, we work determine how well we meet the
challenge. New problems require new "tools," and effective "tools"
today may be obsolete tomorrow. We call this progress, and while
that may sometimes be debatable, we cannot question the inevitability
of change.

Research is the continuous study of "Little" things whose im-
portance is so fittingly described by Johnson. Providing new tools to
cope with new situations is the major goal of research. Success comes
slowly, in small bits, and like assembling- a jigsaw puzzle, it is mean-
ingful only when all the pieces are put in place.

Teamwork is an essential ingredient for progress in a research
program. Our success, if any, is due in part to the excellent support
and encouragement given by the Advisory Committee of the Oregon
State Fur Breeders Association. We are also grateful for contribu-
tions from the Mink Farmers Research Foundation, the Olympic Fur
Breeders Association, and the Oregon State Fur Breeders Association
in support of our research efforts and trust such support will be mu-
tually beneficial. We are pleased to present herein our annual report
for 1962.

J. C. MILLER, Head
Department of Animal Science

AUTHORS : John Adair is Superintendent, Experimental Fur Farm, F. M.
Stout is Research Associate and J. E. Oldfield is Animal Nutritionist, Depart-
ment of Animal Science. W. G. Brown, Department of Agricultural Economics,
provided guidance and assistance in linear programming techniques.
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Test Results at a Glance

Test Group No.

1A This control ration is a standard against which all other experi-
mental rations can be compared. It is an improved modification
of the original (horsemeat-containing) control. Mink growth
and fur characteristics are considered as very satisfactory on
this ration.

1B This ration, the original standard control containing horsemeat,
has remained unchanged for the past four years and serves as
an index to yearly ration improvement.

1C A modification of the control ration (1A) in which the fortified
cereal mixture was replaced solely by oat groats produced mink
that were equivalent to control mink in all respects.

1D This group received the control ration (1A) premixed at the
start of the test and held frozen. Production was equal in all
measures to those fed the freshly prepared ration, however feed
consumption and consequently costs were increased.

2A Increasing the dietary supply of carbohydrates by substituting
15% of oat groats for sole resulted in comparable size and fur
characteristics to control mink but did not decrease ration costs.

2B Substituting 15% of moist-cooked wheat for sole in the control
ration decreased ration costs by 7%, resulted in similar animal
size and fur color, but reduced assigned fur quality grades; sig-
nificantly so when compared to mink fed oat groats. Pelt prices
were higher for males and lower for females than either the
control or oat groat-fed groups.
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Test Group No.

3A This ration computed electronically to specifications of 30%
protein and 20% fat, and supplying 90% of the nutrients from
dried feedstuffs, produced mink of similar size and fur quality
but somewhat poorer color as compared to control animals. The
margin of profit was widened as pelt prices were slightly im-
proved and feed costs were 32% below controls.

3B A ration computed electronically to specifications of 30% protein
and 15% fat resulted in mink of smaller size but with improved
fur color and quality over controls. Although feed costs were
less than half control costs, this economy was offset by reduced
pelt prices.

3C This ration was compounded in a manner similar to 3A and 3B
except that protein level (25%) was lowered with a 1.5 :1 pro-
tein: fat ratio (16.7% fat). It produced somewhat smaller mink
with equal fur color and improved fur quality at 65% of control
ration costs. Male pelt prices were significantly reduced.

3D This ration computed electronically to specifications of 25%
protein and 12.5% fat produced mink smaller than controls but
with superior fur color and quality values at 28% less feed
costs. Pelt prices were higher for females but lower for males
and do not reflect high grader evaluations.

3E This ration was formulated to supply 20% protein and 13.3%
fat. Inadequacy of the protein level was apparent in that death
losses, poor growth, and unprime fur were recorded. Feed costs
were increased over other rations in this series and indicate an
inefficient ration.

3F This electronically computed ration, the lowest in both protein
and energy of this series (20% protein and 10% fat), clearly
demonstrates that these levels were subobtimal for growth and
furring of mink. Ration costs are equivalent to control costs and
pelt prices are much depressed.

4A	 This ration primarily based on dry ingredients produced mink
of smaller size but with fur characteristics equivalent to control
animals. Males sold for $3.00 more per pelt than controls at
less feed costs.
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Introduction

The setting of priorities in mink research is a complex and urgent
problem, just as it is in many other types of research effort. There are
so many problems requiring solution that it is not possible to approach
them all simultaneously. Priorities then must be set on the order of
attack on the various problems. There is no easy way to determine the
best research direction : certain problems may affect only a small
number of ranches, but may be extremely serious where they do exist.
It is hardly reassuring to such a beleagured producer to know that he
is one of only a small group in the country so affected. Likewise, it is
difficult to plan on the basis of complexity of the work, so that, per-
haps, certain short-term projects may be undertaken before becoming
involved in a long-term study. Complexity of research is impossible to
anticipate. If it were not, there would be considerably less need for it.
Frequently, what appears to be a simple problem develops an exten-
sive iceberg-like proportion when one probes beneath the surface. In
mink research a close liaison between producers and experimental
staffs is maintained through an industry research committee. It is
through the efforts of this committee that the perplexing problems
of research priorities are resolved.

Test groups

Studies reported in this publication were undertaken during 1962,
and may be logically grouped into four general areas : (1) Basal diet
substitutions, (2) cereal-grain feeding, (3) linear programmed ra-
tions, and (4) high dry-matter diets. Results of investigations in these
areas are numbered accordingly, and specific sub-groups within these
are further identified by letter. Thus, for example, group 2B re-
presents an experiment in the area of cereal-grain feeding and spe-
cifically in the feeding of cooked wheat. In addition to the work re-
ported herein, a considerable number of mink were devoted to stu-
dies of wet belly disease and other fur abnormalities. Results of these
studies appear in the annual report of the Mink Farmers' Research
Foundation.

Experimental procedure

Procedures used in the various experiments were generally sim-
ilar. Groups of 24 standard dark mink, including 11 males and 13 fe-
males, were placed on each experimental treatment. An exception to
this plan occurred in the linear programming experiments, where each
sub-group comprised 5 males and 5 females. The animals were started
on their respective diet treatments on July 21, 1962, shortly after the
kits had been weaned (June 29). All mink were individually fed in
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conventional wire pelter cages, and were weighed at 4-week intervals
during the test. Tests were continued until pelting in early December.
Pelt grades were assigned on the basis of fur color and quality by a
commercial fur grader, after which the skins were sold at a regularly
designated public auction. In order to maintain breeding stock for the
experimental herd, certain animals in the various test groups were
selected as breeders. Values of the pelts in such cases were assigned
on the basis of live grades made by the same grader during the month
of November.

Presentation of results

Readers familiar with past publications in this series will find that
the presentation of results follows the usual format. Detailed descrip-
tions of all test diets are given, both in terms of amounts of ingredi
ents included in the formulas and the chemical nutrient content of the
mixed diet. This report also includes proximate analysis of all
feedstuffs used in these feeding trials (see the appendix on page 47).
Nutrient data were calculated from analysis of individual ingredients
for rations 1A-2B inclusive, and they were obtained by analysis of
the mixed ration for the others. Ration formulas and nutrient contents
are given both on an as-fed and a dry-matter basis since feedstuffs
vary so markedly in water content. This gives a chance to compare
individual ingredients ounce for ounce with the water removed. The
composition of the dry (cereal) mixture is listed separately. The area
listed "Production Data" shows average results of each experimental
treatment in terms of growth (weights and gains, in grams), length
of the animal (nose to base of tail, in centimeters) taken at pelting,
size of dried skin (weight in grams, length in centimeters), and actual
pelt sale value obtained at auction. Fur color and quality data are from
the grader's ratings, based on a numerical scale running from 100
(best) to 400 (poorest). Ration costs are based on costs of feed in-
gredients only, FOB source, and are reported as a percentage of the
cost of the control ration. Such data indicate whether the test diet is
less or more expensive than the control diet, and readers may calculate
actual costs using prices of the ingredients applicable under their own
particular conditions. Pelts were prepared skin side out for market
and sold raw at the February sale of the Seattle Fur Exchange, with
the exception of 15 which were part lotted and sold in the April sale.

Conclusions are presented separately for each test group, and the
high points are summarized in convenient form in the section entitled
"Test Results at a Glance" at the beginning of this report.

Overall experimental fur farm production data

Although the experiments reported deal with nutrition through
the growing and furring periods only, reproductive performance data
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are valuable as an indication of the productivity of the Experimental
Fur Farm as a unit. In 1962 the total number of kits born was 669,
including 485 standard dark, 92 sapphire, and 92 pastels. These data
allow calculation of ranch averages on all females kept from Decem-
ber: 3.76 for darks, 3.68 for sapphires, and 4.18 for pastels, or 3.80
overall. Reproductive performance, although adequate, was slightly
lower than for previous years perhaps due to perpetuation of certain
strains of "susceptible" mink for use in fur abnormality studies. All
of the mink weaned were allocated to some experimental treatment,
and at the termination of the feeding trials 33 males and 90 females
were selected, as previously noted, to serve as breeders.

In the OSU 52 and OSU 46A cereal mixes, the following ingre-
dients were obtained from the sources indicated: 2-4-9-10 vitamin
supplement	 Ray Ewing Co., Pasadena, California ; Terramycin
(TM-10)—Charles Pfizer & Co., New York; Methionine—Dow
Chemical Co., Midland, Michigan; and Santoquin—Monsanto Chemi-
cal Co., St. Louis, Missouri.
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Diet Studies

CONTROL RATION

Test Group 1A

Objective: To provide a control ration against which production on all other
experimental rations can be compared. This is an improved modifica-
tion of the original standard control.

Methods: Twenty-four standard dark mink (11 males and 13 females) and 10
sapphire females were fed this ration from July 21 to pelting.

PROXIMATE ANALYSIS

AS FED DRY BASIS

% %
Dry matter 	 26.8 100.0
Crude protein 	 13.5 50.4
Crude fat 	 5.7 21.0
Crude fiber 	 0.4 1.6
Ash 	 2.4 9.1
Nitrogen free extract 	 4.8 17.9

Composition of cereal mix OSU 52 as fed: Ground oat groats, 65.0%; alfalfa meal,
10.0%; wheat germ meal, 10.0%; soybean oil meal, 10.0%; brewer's yeast, 4,3%; 2-4-9-10,
0.4%; Terramycin (TM-10), 0.25%; and Methionine, 0.05%.



Results:

GROWTH CURVES
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Final weight (gm.) 	 2,036 1,155 906

Weight gain (gm.) 	 905 390 286

Animal length (cm.) 	 44.4 38.0 36.0

Fur color' 	 209 169 170

Fur quality' 	 164 139 150

Weight of dried skin (gm.) 	 114 65 49

Length of dried skin (cm.) 	 70.5 58.2 53.7

Wet belly incidence (%) 	 80.0 0 0

Average pelt sale price ($) 	 28.36 1425 10.662

Ration cost per mink (% of control) .... 100

2 Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).

2 Sale price estimated for sapphires.
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Conclusions: Mink performance on this ration, which is typical of the high fish-
containing rations of this area, is used as a standard for comparing
performance on all other experimental diets. The composition dif-
fered from the control ration of last year (61-1B) in the processed
meat product and the cereal mixture used. The cereal change was
made as superior performance has been repeatedly demonstrated
with the lower-protein, all plant material-containing, OSU 52.

Males were about one-half pound heavier and females one-quarter
pound heavier than last years' control mink. Pelt lengths also aver-
aged an inch longer, indicating that overall size was improved and
that the increased weight gain was not solely due to fat deposition.

Wet belly incidence in males markedly increased over the 39%
shown the previous year; however prices received for males were
$3.00 higher. Female pelt prices were reduced, reflecting current
market trends. Performance was similar in all respects to mink fed
the original standard control ration containing horsemeat (62-1B)
except that males in 62-1A were larger. Ten sapphire females re-
ceiving this ration showed satisfactory growth and fur production,
and they are used for comparison with three other experimental
sapphire groups.
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Ration Composition

Percent—Dry Basis

Sole
Rockfish

21.7 %

Turbot

20.9 %

OSU 46A

25.3 %

11.8 %

Tripe
8.7%

Horsemeat

9.2 %

ORIGINAL STANDARD CONTROL

Test Group 1B

Objective: To provide a ration of feed ingredients proven adequate for mink
production. This diet has been unchanged for the past four years and
serves as a yardstick to check advances made by revising the control
ration from year to year.

Methods: Twenty-four standard dark mink (11 males and 13 females) were
fed this ration from July 21 to pelting.

PROXIMATE ANALYSIS

AS FED DRY BASIS

% %

Dry matter 	 27.0 100.0
Crude protein 	 14.2 52.4
Crude fat 	 6.0 22.3
Crude fiber 	 0.4 1.6
Ash 	 2.7 10.0
Nitrogen free extract 	 3.7 13.7

Composition of cereal mix OSU 46A as fed: Wheat germ, 25.0%; alfalfa meal, 12.5%;
skim milk powder, 8.3%; meat meal, 16.6%; soybean oil meal, 16.6%; ground oat groats,
16.6%; brewer's yeast, 4.2%; 2-4-9-10, 0.4%; Terramycin (TM-10), 0.25%; and Methio-
nine, 0.05%.
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Results:

PRODUCTION DATA

Males Females
Final weight (gm.) 	 1,878 1,141
Weight gain (gm.) 	 850 389
Animal length (cm.) 	 43.6 37.5
Fur color' 	 191 185
Fur quality' 	 164 131
Weight of dried skin (gm.) 	 105 62
Length of dried skin (cm.) 	 68.2 57.1
Wet belly incidence (%) 	 60.0 12.5
Average pelt sale price ($) 	 28.14 13.44
Ration cost per mink (% of control) 	 124

1 Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).

Conclusions: This ration has been fed unchanged in composition for four years
and provides a long-range guide to yearly improvement in the nu-
tritional adequacy of the control ration and in performance of the
mink herd generally. Sixty-four males on this ration from 1959 to
1962 have averaged 1,905 grams (4.2 lbs.) in weight and females
1,088 grams (2.4 lbs.). The depression in weight noted this year
may be partially explained by the fact that tests showed the horse-
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Conclusions:
(Continued)

meat to be slightly rancid. This presumably occurred through pre-
grinding and freezing the horsemeat. During these processes, the
high linolenic acid content of the unprotected (no antioxidant
added) horsemeat must have become oxidized due to increased
surf ace exposure.

Males weighed about one-third pound less than those fed the con-
trol ration (1A), probably because of the rancid material present.
Pelt prices received were similar ; however, ration costs were ele-
vated by 24% due to the horsemeat content.

REVISED CONTROL

Test Group 1C

Objective: To evaluate ground raw oat groats as a replacement for the fortified
cereal mixture present in the control ration.

Methods: Twenty-four standard dark mink (11 males and 13 females) were
fed this ration from July 21 to pelting.

Ration Composition

Percent—Dry Basis

PROXIMATE ANALYSIS

AS FED DRY BASIS

Dry matter 	 28.6 100.0

Crude protein 	 14.0 49.0

Crude fat 	 6.2 21.7

Crude fiber 	  	 0.3 0.9

Ash 	   2.5 8.6

Nitrogen free extract 	   5.6 19.8

In this test, OSU 52 cereal mix was replaced by oat groats (dehulled oat kernels).
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Final weight (gm.) 	 	 2,142	 1,165
Weight gain (gm.) 	 	 1,021	 382
Animal length (cm.) 	
Fur color' 	
Fur quality' 	
Weight of dried skin (gm.)
Length of dried skin (cm.)
Wet belly incidence (%) 	
Average pelt sale price ($)

45.6 37.9
200 192
136 131
122 64
71.4 57.3
90.9 9.1
29.07 14.06

Ration cost per mink (% of control) 	 	 105

Results:
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PRODUCTION DATA

Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).

Conclusions: Earlier studies have indicated improved growth in mink when un-
fortified cereals were fed in combination with high fish rations.
In this ration, oat groats (dehulled oat kernels) was the sole re-
placement for the fortified cereal (OSU 52) of ration 1A. No vita-
min, amino acid, or antibiotic supplement was added.
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Conclusions:
(Continued)

Male mink fed this ration were the heaviest of any experimental
group. Fur color was slightly better in males although poorer in
females, and fur quality in both sexes was improved over that of
controls; however, neither fur color nor quality differences were
statistically significant. Even though unfortified with added nutri-
ents, ration costs were 5% higher than control ration costs. This
increase resulted from greater feed consumption and probably re-
flects increased demands of larger animals.

Results indicate that fortification of cereals in diets containing high
levels of whole fish may be unnecessary to produce large, well-
furred mink.
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CONTROL (PRE-FROZEN)

p.

Test Group 1D

Objective: To test the effect on mink production of a ration similar to the con-
trol (1A) which has been prepared in advance, frozen, and fed
throughout the growing-furring season.

„1-

Methods: Twenty-four standard dark mink (11 males and 13 females) were
fed this ration from July 21 to pelting.

Ration Composition
Percent—As Fed

Ration Composition
Percent—Dry Basis

Sole
11.9%

Tripe
8.7 % 

Rockfish

21.8 %

Drum-Pak
8.7% 

Turbot

21.0%

OSU 52

25. 5 % 

PROXIMATE ANALYSIS

AS FED DRY BASIS

Dry matter 	 33.7 100.0
Crude protein 	 17.0 50.4
Crude fat 	 7.1 21.0
Crude fiber 	 0.5 1.6
Ash 	 3.1 9.1
Nitrogen free extract 	 6.0 17.9

Composition of cereal mix OSU 52 as fed : Ground oat groats, 65.0%; alfalfa meal,
10.0%; wheat germ meal, 10.0%; soybean oil meal, 10.0%; brewer's yeast, 4.3%; 2-4-9-10,
0.4%; Terramycin (TM-10), 0.25%; Methionine, 0.05%; and Santoquin, 0.005%.
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Results:
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PRODUCTION DATA

Dark

Males	 Females

Final weight (gm.) 	 	 1,915	 1,105
Weight gain (gm.) 	 	 805	 355
Animal length (cm.) 	 	 44.4	 37.4

Fur color' 	 	 200	 154

Fur quality' 	 	 155	 139
Weight of dried skin (gm.) 	 	 106	 59
Length of dried skin (cm.) 	 	 69.2	 57.3
Wet belly incidence (%) 	 	 36.0	 0
Average pelt sale price ($) 	 	 28.48	 14.50
Ration cost per mink (% of control) 	 	 114

I Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).

Conclusions: Recently the trend in mink feeding has been toward the use of
ready-mixed feeds centrally prepared and distributed to the rancher.
Freezing such pre-mixed rations may become necessary because of
seasonal availability of certain ingredients and the distance of
ranchers from feed plants ; therefore, it is of interest to determine
the effect on mink production of using a frozen, pre-mixed ration.

1
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Conclusions:
(Continued)

Mink fed the control ration (62-1A) prepared in this manner with
an added antioxidant to prevent rancidity were somewhat lighter in
weight (males 120 grams, females 50 grams) than animals fed the
freshly mixed ration. Fur color and quality are comparable for
both groups. Production costs were increased 14% due to greater
feed consumption. A significant loss of moisture occurred when
the frozen ration was thawed, undoubtedly resulting in loss of solu-
ble nutrients and causing mink to require more feed. A practical
solution to this problem might be to add the cereal component at
the time of feeding to absorb released moisture.

The reduced incidence of wet belly noted in males fed this ration
is unexplained with regard to ration composition and contributes to
the increased price received for these pelts.
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RAW OAT GROATS

Test Group 2A

Objective: To confirm generally satisfactory results obtained in 1961 with a
ration containing 15% of raw oat groats. Approximately one-third of
the total nutrients in this ration is from this cereal grain.

Methods: Twenty-four standard dark mink (11 males and 13 females) and 10
sapphire females were fed this ration from July 21 to pelting.

Ration Composition

Percent—As Fed

Ration Composition

Percent—Dry Basis

PROXIMATE ANALYSIS

AS FED DRY BASIS

% %

Dry matter 	 33.5 100.0
Crude protein 	 13.0 38.7

Crude fat 	 5.7 17.1

Crude fiber 	 0.7 22

Ash 	 2.3 6.7
Nitrogen free extract 	 11.8 35.3

Composition of cereal mix OSU 52 as fed : Ground oat groats, 65.0%; alfalfa meal,
10.0%; wheat germ meal, 10.0%; soybean oil meal, 10.0%; brewer's yeast, 4.3%; 2-4-9-10,
0.4%; Terramycin (TM-10), 0.25%; and Methionine, 0.05%.
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Results:
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PRODUCTION DATA

Dark	 Sapphire

Males	 Females	 Females

Final weight (gm.) 	 	 1,957	 1,169	 868
Weight gain (gm.) 	 	 894	 417	 272
Animal length (cm.) 	 	 45.0	 37.7	 36.0
Fur color' 	 	 182	 208	 200
Fur quality' 	 	 136	 108	 150
Weight of dried skin (gm.) 	 	 110	 64	 50
Length of dried skin (cm.) 	 	 69.7	 58.8	 53.1
Wet belly incidence (%) 	 	 72.7	 0	 0
Average pelt sale price ($) 	 	 28.29	 14.37	 9.85'
Ration cost per mink (% of control) 	

1 Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).
2 Sale price estimated for sapphires.

Conclusions: This test was a continued evaluation of animal performance on
raw oat groats, since no improvement in animal performance as a
result of cooking was noted in an experiment in 1961 comparing
cooked versus raw oat groats as 15% of the ration (as fed basis).

Mink growth on this ration as judged by final weight, animal
length, and pelt length was equivalent to growth on the control ra-
tion (62-1A). Fur color was improved in dark males but reduced in

99
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Conclusions:
(Continued)

-4
dark females, and fur quality showed a consistent but statistically
nonsignificant improvement (24%) over the control mink of both
sexes.

The effect of substituting oat groats produces a marked effect on
the nutrient composition of the ration, i.e., protein level is reduced
by 12% and fat by 4% with a corresponding increase in ration
NFE content. Cereal grains generally are fed to promote economy,
but little advantage in feed cost was noted with this ration. Ac-
tually, the inclusion of oat groats did lower the cost per pound of
the ration considerably (control ration cost-14.80 per pound of
dry matter ; oat groat-containing ration-11.80), but this lower
feed price was offset by increased feed consumption. Overall re-
turns were slightly better as males averaged about $1 more per pelt.

Sapphire females weighed an ounce less but were equal in length to
control sapphires. Fur color was somewhat poorer, whereas fur
quality was identical.

Replacing 15% of the fish component of the ration with finely
ground raw oat groats produced large, well-furred mink but did
not reduce the costs required.
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COOKED WHEAT

Test Group 2B

Objective: To evaluate inclusion of 15% of moist-cooked hard red wheat as a
partial replacement for the fish component of the ration.

Methods: Twenty-four standard dark mink (11 males and 13 females) and 10
sapphire females were fed this ration from July 21 to pelting.

Ration Composition

Percent—Dry Basis

h-y

PROXIMATE ANALYSIS

AS FED DRY BASIS

Dry matter 	 30.3 100.0
Crude protein 	 11.7 38.4
Crude fat 	 4.8 15.9
Crude fiber 	 0.6 2.1
Ash 	 2.0 6.6
Nitrogen free extract 	 11.2 37.0

Composition of cereal mix OSU 52 as fed: Ground oat groats, 65.0%; alfalfa meal,
10.0%; wheat germ meal, 10.0%; soybean oil meal, 10.0%; brewer's yeast, 4.3%; 2-4-9-10,
0.4%; Terramycin (TM-10), 0.25%; and Methionine, 0.05%.
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Results:
4
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PRODUCTION DATA

Dark	 Sapphire

Males	 Females	 Females

Final weight (gm.) 	 	 2,010
Weight gain (gm.) 	 	 893
Animal length (cm.) 	 	 43.9
Fur color' 	 	 182
Fur quality' 	 	 173
Weight of dried skin (gm.) 	 	 118
Length of dried skin (cm.) 	 	 70.6
Wet belly incidence (%) 	 	 90.9
Average pelt sale price ($) 	 	 29.98
Ration cost per mink (% of control) 93

1,195	 945
422	 361

37.2	 35.7
208	 170
162	 150
60	 48
57.5	 52.4
10.0	 0
13.79	 10.632

1 Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).
2 Sale price estimated for sapphires.

Conclusions: A previous trial (1961) run with 15% of dry-cooked, finely ground
wheat showed that mink with equal size and fur production to
those fed high fish rations could be raised with a 13% decrease in
ration costs. The current trial included a similar level of moist-
cooked wheat which was finely ground and boiled in an open kettle.
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Conclusions:
(Continued)

Inclusion of whole, cooked wheat in the ration was not feasible be-
cause mink sorted and wasted it. Wheat caused similar ration ef-
fects to those noted when oat groats replaced sole; protein level
was reduced by 12%, fat reduced 5%, crude fiber increased
slightly (0.5%), and nitrogen-free-extract was elevated by 19%.

Increased feed consumption over the controls was expected and
measured on this lower-protein, lower-energy ration. Feed costs
excluding those of cooking were reduced by 7%.

Animal growth was similar to 1A with females 40 grams heavier
but slightly reduced in length perhaps indicating fatter animals.

As with the raw oat groat-fed group, fur color of males was im-
proved and that of females was poorer than the control group. Fur
quality did not attain the level noted for controls but the difference
was statistically nonsignificant. Wet belly incidence was very high,
but prices returned for male pelts averaged $1.62 more than for
control males.

Comparing cooked wheat with raw oat groats at the same level
shows a trend toward slightly heavier although shorter animals in
the wheat group. On the other hand, it should be noted that pelt
lengths for males fed wheat are longer than for those fed oats, and
this substantiates the findings of others indicating that body weight
is a better indicator of pelt length than is body length. Fur color of
both groups was identical. Differences in fur quality, however,
show a highly significant improvement in females and an improved
quality which approaches significance in males in the group fed
oat groats.

Sapphire females were slightly heavier, measured shorter, and had
equal fur color and quality to those fed the control ration.
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LINEAR PROGRAMMING

Test Group 3A

Objective: To test an electronically-computed, least-cost ration designed to pro-
vide 30% crude protein (dry basis) and a protein :fat ratio of 1.5 to 1
in a continuing experiment to determine protein and fat requirements
for growth and fur production of mink.

Methods: Ten standard dark mink (5 males and 5 females) were fed this ra-
tion from July 21 to pelting.

Ration Composition

Percent—Dry Basis

Note: 2% of beet pulp was added to hold feed on wire.

PROXIMATE ANALYSIS

AS FED DRY BASIS

% %

Dry matter 	 40.8 100.0

Crude protein 	 12.1 29.7

Crude fat 	 7.6 18.5

Crude fiber 	 1.0 2.4

Ash 	 2.5 6.2

Nitrogen free extract 	 17.6 43.2

Composition of Premix 3A as fed: Wheat flour middlings, 69.6%; herring meal, 21.8%;
meat and bone meal, 6.8%; barley malt sprouts, 1.7%; and steamed bone meal, 0.13%.
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•	 Results:

2500

	

2000 	

GROWTH CURVES

3A
--- IA

W = WEAN WT.
V ON TEST

DEC
10

Final weight (gm.) 	 	 2,028	 1,244Weight gain (gm.) 	 940	 494Animal length (cm.) 	 44.1	 36.9Fur color' 	
240	 240Fur quality' 	 100	 180Weight of dried skin (gm.) 	 	 108	 62Length of dried skin (cm.) 	 	 70.2	 58.8Wet belly incidence (%) 	 	 100	 0Average pelt sale price ($) 	 	 29.40	 14.00Ration cost per mink (% of control) 	 	 68

Fur color and quality, taken from dried skins, is rated from 100 (best) to400 (poorest).

Conclusions: Ration 3A is the first of a series devoted to continued investigation
of feed formulation by electronic computer techniques (linear pro-
gramming) . Three different protein levels were tested at two dif-
ferent protein : fat ratios. It was found in 1961 that 30% protein
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Conclusions:
(Continued)

was adequate for growing-furring mink, thus 30, 25, and 20% lev-
els were tested in 1962. Since energy previously appeared to be a
limiting factor, a higher energy : protein ratio was employed in these
trials. Ration 3A was designed to supply 30% crude protein on a
dry basis, and a protein : fat ratio of 1.5 :1. In effect, this was a high
cereal ration, containing 46% of wheat flour middlings on a dry
basis. Potential usefulness of this cereal by-product in mink ra-
tions is indicated by this limited trial.

Final weight of lot 3A males was comparable to that of the con-
trols (1A) ; however, 3A females were heavier than those in any
other 1962 test group. Interestingly, the body lengths of females
were shorter than the controls when measured at pelting; however,
their pelts were longer, indicating that weight is a fair index to pelt
size. Fur color was somewhat poorer in both sexes ; however,
fur quality of the males was improved over the controls. All males
in group 3A were affected with wet belly to some extent, but pelt
sales showed returns of $1.04 more per skin and reflect improved
fur quality at a savings of 32% in feed cost.
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LINEAR PROGRAMMING

Test Group 3B

Objective: To test an electronically-computed , least-cost ration designed to pro-
vide 30% crude protein (dry basis) and a protein : fat ratio of 2 to 1.
This is one of a series of rations formulated in this manner to de-
termine protein and fat requirements of growing mink.

Methods: Ten standard dark mink (5 males and 5 females) were fed this ra-
tion from July 21 to pelting. 

Ration Composition

Percent—Dry Basis

Liver

Note: 2% of beet pulp was added to hold feed on wire.

PROXIMATE ANALYSIS

Dry matter 	 38.2 100.0
Crude protein 	 10.4 27.4
Crude fat 	 4.8 12.6
Crude fiber 	 1.0 2.5
Ash 	 3.3 8.6
Nitrogen free extract 	 18.7 48.9

Composition of Premix 3B: Wheat flour middlings, 63.3%; herring meal, 19.5%;
ground cooked yellow corn, 8.5%; meat and bone meal, 4.9%; steamed bone meal, 3.7%; and
limestone flour, 0.12%.



Final weight (gm.) 	
Weight gain (gm.) 	
Animal length (cm.) 	
Fur color' 	
Fur quality' 	
Weight of dried skin (gm.) 	
Length of dried skin (cm.) 	
Wet belly incidence (%) 	
Average pelt sale price ($) 	
Ration cost per mink (% of control) 	

— 38
-- I A

W= WEAN WT.

V ON TEST

PRODUCTION DATA

Dark

Males	 Females

1,538	 1,076
600	 376
41.7	 36.5

160	 180
140	 120
89	 59
64.1	 57.0
80.0	 0
25.00	 14.50

48

Results:

GROWTH CURVES
2500

2000

Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).
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Conclusions: Ration 3B provided a similar protein level (30%) but a lower en-
ergy content (2:1 protein : fat ratio) than 3A. The two diets con-
tained practically identical ingredients ; 3B had 4% less lard, the
difference was made up by cooked, ground corn. Specifications for
ration 3B were identical with those for ration 7E fed during 1961
and allow some year-to-year comparison. In this, as in other diets
of this series, 10% of the total dry matter was supplied by fresh
materials, one-tenth of which was beef liver. Generally, the remain-
ing fresh material was supplied as turbot, indicating that this was
the cheapest source of nutrients among the fresh ingredients avail-
able.

Both male and female weights in 3B were lower than those in 3A,
indicating the effect of reduction of energy supply and confirming
past observations. There was considerable weight variation in
males in this group (1,200-1,930 grams) at pelting. On the other
hand, fur color ratings were higher for males and females than in
3A, and this possibly is a reflection of lower dietary fat. Wet belly
incidence was 20% lower than in 3A and equivalent to the control
diet. Cost of ration 3B was less than half the cost of the control
diet; however, returns for male pelts were $3.36 below controls,
probably due to smaller size.
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LINEAR PROGRAMMING

Test Group 3C

Objective: To test an electronically-computed, least-cost ration designed to pro-
vide 25% crude protein (dry basis) and a protein :fat ratio of 1.5 to
1. This is one of a series of rations formulated in this manner to de-
termine protein and fat requirements of growing mink.

Methods: Ten standard dark mink (5 males and 5 females) were fed this ration
from July 21 to pelting.

Ration Composition

Percent—Dry Basis

Note: 2% of beet pulp was added o hold feed on wire.

PROXIMATE ANALYSIS

AS FED DRY BASIS

Dry matter 	
Crude protein 	
Crude fat 	
Crude fiber 	
Ash 	
Nitrogen free extract 	

39.0
9.1
5.5
0.9
2.5

21.0

100.0
23.3
14.1
2.4
6.4

53.8

Composition of Premix 3C as fed: Wheat flour middlings, 36.8%; ground cooked yellow
corn, 32.4%; herring meal, 17.1%; wheat bran, 11.3%; steamed bone meal, 2.3%; and lime-
stone flour, 0.25%.
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--- I A

W =WEAN WT.

V = ON TEST
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DATE

PRODUCTION DATA

2

Results:

2500
GROWTH CURVES 

*

Dark

Males	 Females

Final weight (gm.) 	 1,796 996
Weight gain (gm.) 	 690 314
Animal length (cm.) 	 432 35.9
Fur color' 	 200 200
Fur quality' 	 140 120
Weight of dried skin (gm.) 	 100 53
Length of dried skin (cm.) 	 66.6 53.6
Wet belly incidence (%) 	 60.0 0
Average pelt sale price ($) 	 25.64 14.22
Ration cost per mink (% of control) 	 65

Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).

Conclusions: Ration 3C was a continuation of the linear-programmed series, and
was formulated to supply 25% of crude protein on a dry basis,
with a protein : fat ratio of 1.5 :1. An important specification rela-
tive to plant materials was the restriction of crude fiber level to 3%
or less, on a dry basis, throughout this series. Mink cannot digest
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Conclusions:
(Continued)

crude fiber effectively. Lowering of the protein level in 3C from
that in 3A and 3B was accomplished by reducing animal protein
feeds like herring meal or meat and bone meal and making up the
difference with cooked corn or wheat bran.

Size of both 3C males and females was somewhat less than in
group 3A; however, this reduction appeared more the result of
lowered fat level than of lowered protein. In general throughout
this series there appeared to be a higher correlation between animal
weight and fat level than between weight and protein level. Fur
color was not significantly different from that of the controls, and
fur quality in 3C was improved by 15% over 1A. This suggests
that 25% of dietary protein is adequate for production of quality
fur. Male pelt prices on 3C were superior to the controls, with the
exception of one (cotton) animal which did poorly throughout the
experiment resulting in an average pelt price of $2.70 below the
controls. Females were equivalent to the controls. Ration costs
were again lowered significantly ; they were 35% below controls.
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LINEAR PROGRAMMING

Test Group 3D

Objective: To test an electronically-computed, least-cost ration designed to pro-
vide 25% crude protein (dry basis) and a protein :fat ratio of 2 to 1.
This is one of a series of rations formulated in this manner to de-
termine protein and fat requirements of growing mink.

Methods: Ten standard dark mink (5 males and 5 females) were fed this ra-
tion from July 21 to pelting.

Note : 2% of beet pulp was added to hold feed on wire.

PROXIMATE ANALYSIS

AS FED DRY BASIS

Dry matter 	 37.3 100.0
Crude protein 	 8.3 22.2
Crude fat 	 3.9 10.4
Crude fiber 	 1.1 2.9
Ash 	 2.3 6.3
Nitrogen free extract 	 21.7 58.2

Composition of Premix 3D as fed : Ground cooked yellow corn, 42.3%; wheat flour mid-
dlings, 27.7%; herring meal, 16.1%; wheat bran, 11.5%; steamed bone meal, 2.2%; and lime-
stone flour, 0.23%.
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Results:

GROWTH CURVES
2500

2000

t, 1500

ti

tu 1000                      

--------------   

— 3D
-	 1A

W WEAN WT.

V ON TEST             

500 	

0 	
JUNE	 JULY	 AUG	 SEPT	 OCT	 DEC

29	 23	 20	 IT	 15	 10

DATE

PRODUCTION DATA

Dark

Males	 Females

Final weight (gm.) 	
Weight gain (gm.) 	
Animal length (cm.) 	
Fur color' 	
Fur quality' 	
Weight of dried skin (gm.) 	
Length of dried skin (cm.) 	
Wet belly incidence (%) 	
Average pelt sale price ($) 	
Ration cost per mink (% of control) 	

1,760	 1,000
708	 250
42.7	 36.7

160	 140
140	 100
99	 62
66.9	 54.3
20.0	 0
27.25	 14.75

72

Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).
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Conclusions: Ration 3D was equal in protein content (25%) to 3C, but was
lower in energy level, since it has a protein : fat ratio of 2 :1. This
was accomplished by lowering the lard and increasing the ground,
cooked corn content. Molasses was included in this diet at a 10%
level—the maximum allowable under the specifications imposed.
There are both physiological and nutritional reasons for limiting
molasses which would otherwise have been included at higher lev-
els by the computer because of its low cost.

Weights in 3D were equivalent to 3C, which was surprising in
view of previous observations that reduced energy levels usually
result in lowered weights at pelting. Color was much improved in
both males and females over color on rations containing higher
levels of fat. Fur quality was equal in males and improved by 25%
in females over controls. Pelt prices were about $1.00 lower than
those received for controls and do not reflect the superior color
and quality ratings assigned by the grader. Ration cost was in-
creased somewhat over 3C, probably because of higher feed con-
sumption, but nevertheless was only 72% of the controls,



LINEAR PROGRAMMING

Test Group 3E

Objective: To test an electronically-computed, least-cost ration designed to pro-
vide 20% crude protein (dry basis) and a protein : fat ratio of 1.5 to 1.
This is one of a series of rations formulated in this manner to de- 4
termine protein and fat requirements of growing mink.

Methods: Ten standard dark mink (5 males and 5 females) were fed this ration
from July 21 to pelting. 

Ration Composition

Percent—Dry Basis

Chicken offal
without feet

Liver
0.9%

Drum-Pak—*
2.4%

Note : 2% of beet pulp was added to hold feed on wire.

PROXIMATE ANALYSIS

AS FED DRY BASIS

% %

Dry matter 	 37.5 100.0

Crude protein 	 7.0 18.6

Crude fat 	 4.6 12.4

Crude fiber 	 1.4 3.6

Ash 	 1.7 4.5

Nitrogen free extract 	 22.8 60.9

Composition of Premix 3E as fed : Ground cooked yellow corn, 58.4%; whole ground
barley, 28.4%; herring meal, 11.3%; and steamed bone meal, 1.9%.
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Results:
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DAT E

PRODUCTION DATA

Males	 Females
Final weight (gm.) 	 	 1,674	 742Weight gain (gm.) 	 	 708	 42
Animal length (cm.) 	 	 42.0	 37.0Fur color' 	 	 200	 240Fur quality' 	 	 200	 220
Weight of dried skin (gm.) 	 	 92	 46
Length of dried skin (cm.) 	 	 64.8	 50.8-,- Wet belly incidence (%) 	 	 40.0	 0Average pelt sale price ($) 	 	 22.50	 9.80
Ration cost per mink (% of control) 	 	 83

Fur colar and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).

Conclusions: Ration 3E was formulated to supply the lowest protein level tested,
20% , (which is below the requirement listed by the National Re-
search Council) and a protein :energy ratio of 1.5 :1. This diet only
actually contained 18,5% protein, which illustrates the problem of
exactly meeting a formula. Calculations are based on average pub-
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lished analytical values and frequently specific lots of ingredients
vary somewhat from these values.

Both rations 3E and 3F, at the lowest protein level, are quite dif-
f erent in composition from the others tested. Chicken waste and
Drum-Pak were included to meet the fresh ingredient specification,
and several feedstuffs used extensively in other rations were com-
pletely omitted. Herring meal was standard in all rations in this
series to insure adequate protein quality and was added as one-half
of the total protein.

Two observations suggest that this protein level was inadequate :
(1) extreme variation in final weights occurred in both males and
females, and (2) some deaths occurred among the females. Feeding
a "stress-type" ration such as this usually increases the variations
in animal response. Fur quality was definitely inferior in the two
low-protein groups (3E, 3F) and the pelts were unprime in many
instances. This suggests that 20% protein is inadequate for opti-
mum fur growth. Interestingly, fur color was equivalent to that on
the two higher levels of protein having the same energy relation-
ship. Pelt prices were generally depressed, reflecting the poor fur
quality. Ration cost actually increased over the others in this series,
reflecting higher consumption, since this was a nutritionally ineffi-
cient ration.
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Chicken
offal

without feet
12.1

LINEAR PROGRAMMING

Test Group 3F

Objective: To test an electronically-computed, least-cost ration designed to pro-
vide 20% crude protein (dry basis) and a protein : fat ratio of 2 to 1.
This is one of a series of rations formulated in this manner to de-
termine protein and fat requirements of growing mink.

Methods: Ten standard dark mink (5 males and 5 females) were fed this ration
from July 21 to pelting.

Chicken offal
without feet

4.7% -->
Liver

Drum-Pak —>

2.3 %

Ration Composition

Percent—Dry Basis

Note : 2% of beet pulp was added to hold feed on wire.

PROXIMATE ANALYSIS

AS FED DRY BASIS

Dry matter 	 36.9 100.0
Crude protein 	
Crude fat 	
Crude fiber 	
Ash 	

6.6
3.8
1.4
1.7

18.0
10.3
3.7
4.7

Nitrogen free extract 	 23.4 63:3

Composition of Premix 3F as fed : Ground cooked yellow corn, 61.6%; whole ground
barley, 25.5%; herring meal, 10.9%; and steamed bone meal, 2.0%.
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Results:

GROWTH CURVES
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JUNE	 JULY	 AUG	 SEPT	 OCT	 DEC

29	 23	 20	 17	 15	 10

DAT E

PRODUCTION DATA

Males Females

Final weight (gm.) 	 1,468 984

Weight gain (gm.) 	 404 286

Animal length (em.) 	 41.7 36.3

Fur color' 	 160 240

Fur quality' 	 200 220

Weight of dried skin (gm.) 	 86 51

Length of dried skin (cm.) 	 62.9 55.2

Wet belly incidence (%) 	 20.0 0

Average pelt sale price ($) 	 24.70 12.55

Ration cost per mink (% of control) 	 93

1 Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).
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Conclusions: The last in the linear-programmed series, ration 3F was formulated
to supply 20% and a 2 :1 protein : fat ratio. It was thus the lowest
in supply of both protein and energy. Ration 3F differed from 3E
mainly in its reduced lard content. Turbot did not appear in 3F (or
3E) due to its high fat content. As with all the linear-programmed
rations, 3F had total ash (mineral) content restricted to 10%. If
some such restrictions were not imposed, excessive, amounts of
mineral substances might be included because of their low cost.

This and other rations in this series were pre-mixed with water and
2% 'beet pulp four hours before feeding in order to provide a mix
that would not crumble on the wire.

Final animal weights on 3F were the lowest in the linear-
programmed groups and again, as with 3E, showed extreme varia-
tion. Likewise, pelt lengths were substantially shorter, however
color was fairly good. Again, the relationship between fur color
rating and low dietary fat level is evident. Fur quality was low and
many pelts were unprime. Pelt prices, although below the controls,
were improved over those obtained in 3E, reflecting the improved
color. Ration cost was almost as high as the controls, indicating an
inefficient formula for this type of diet. Although ingredient cost
was low, the ration was not nutritionally adequate, thus the ani-
mals ate excessively in attempts to meet their needs.

Wet belly incidence through the linear programmed series showed a
high positive relationship to diet fat level. Calcium and phosphorus
levels have also been implicated in the cause of wet belly, but in
this series they were held constant, allowing expression of the
effect of fat.
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HIGH DRY

Test Group 4A

Objective: To check the validity of results (increased pelt values at s less ration
costs) obtained in 1961 with this electronically-computed ration based
on dry rather than wet ingredients.

Methods: Twenty-four standard dark mink (11 males and 13 females) and 10
sapphire females were fed this ration from July 21 to pelting.

Ration Composition

	

	 Ration Composition

Percent—Dry Basis

Liver
1.0 % —>

PROXIMATE ANALYSIS

Dry matter 	 45.6 100.0

Crude protein 	 17.2 37.8

Crude fat 	 9.4 20.6

Crude fiber 	 1.1 2.3

Ash 	 2.9 6.4

Nitrogen free extract 	 15.0 32.9

Composition of Premix 4A as fed : Wheat flour middlings, 26.7%; blood meal, 23.5%
herring meal, 22.0%; wheat bran, 20.9%; meat meal, 6.5%; and tomato pomace, 0.4%. (Blood
meal, spray-dried product, obtained from Pacific Adhesives Company, Hillsboro, Oregon.)
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Results:

— 4A
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V = ON TEST

0
JUNE	 JULY	 AUG	 SE PT	 OCT

29	 13	 23	 20	 17	 15
DATE

PRODUCTION DATA

Dark

Males
	

Females

DEC
10

Sapphire

Females

Final weight (gm.) 	
Weight gain (gm.) 	
Animal length (cm.) 	
Fur color' 	
Fur quality' 	
Weight of dried skin (gm.) 	
Length of dried skin (cm.) 	
Wet belly incidence (%) 	
Average pelt sale price ($) 	
Ration cost per mink (% of control) ....

1,785
727
42.9

200
154
102
68.4
33.3
31.36

67

1,112
407

36.6
162
146
61
57.3
0

14.65

969
3C6
36.5

170
180
50
54.1

0
10.37'

1 Fur color and quality, taken from dried skins, is rated from 100 (best) to 400 (poorest).
2 Sale price estimated for sapphires.

Conclusions: The greatest opportunity to increase efficiency of mink production
lies in lowering feed costs since these represent the largest single
production expense. From a series of six 1961 rations which were
electronically computed to provide the most economical combina-
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Conclusions:
(Continued)

tion of available feeds needed to meet specific ration requirements,
one showing the greatest promise was chosen to 'be re-evaluated in
1962. This ration was similar to that fed in 1961 except that the
fat level was increased to overcome the somewhat smaller size of
mink so produced.

Again a substantial savings in feeds costs resulted (33% less ex-
pensive than the control ration). Males were significantly smaller
in final weight than controls, but showed equivalent fur color and
quality, had much fewer wet bellies (33% as compared to 80%),
and sold for $3.00 more per pelt. Increased profits, therefore, are
realized both in savings of feed costs and through greater returns
for the pelts.

Females showed comparable body weights but were significantly
shorter in body lengths than control females. Fur characteristics
and prices received for pelts were similar. A group of 10 sapphire
females fed this ration showed slightly increased final weights, but
gained significantly more and had equal fur color and somewhat
poorer fur quality than those fed the control ration.

A field trial involving 45 dark males and 45 dark females fed this
ration and a like number of mink receiving a conventional high fish
control ration was run for 90 days from September 1 to pelting.

Males gained slightly more and females the same as animals fed
the control ration. Live fur color and quality grades indicated that
the experimental group was statistically significantly better in
both color and quality. Females also graded higher in color and
quality, but differences were not statistically significant.

This ration shows definite promise for the growing-furring period
in both efficiency and in improved fur characteristics as based on
two trials at OSU and on a field trial set up with a mink rancher.
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