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Foreword
We are pleased to present our an-

nual report of progress in mink re-
search for 1961. Mink research, like
that in other fields, is time consuming,
expensive, and often unrewarding.
Rarely indeed is a problem solved com-
pletely and finally. Instead there are
complicating factors of heredity and
environment interacting to confound
and confuse results making interpreta-
tions difficult and application uncertain.

Survival and growth rate determine
number and size of pelter mink to
market. Fur quality is equally impor-
tant. Economy of growth-promoting
rations is meaningless without quality
pelts. Management and ration deter-
mine environment but evidence indi-
cates there are differences in heredi-
tary susceptibility to certain fur ab-
normalities, which arise primarily from

dietary causes or dietary disturbances.
Thus, an interaction between genetic
and nutritional factors must be recog-
nized. These relationships must be un-
derstood, heritabilities determined, and
causative agents identified. Observa-
tions of the "what" are not enough.
We must know "how" and "why"

these things happen. Solution to these
complicated problems involves physiol-
ogy, biochemistry, genetics, and statis-
tics plus the ever-present key to suc-
cess—good herd management. Experi-
mental design and procedures require
extensive care, time, and record-
keeping to accomplish the maximum
results from resources available.

J. C. MILLER

Head, Department of
Animal Science
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Test Results at a Glance

Test Group No.

1A The standard control diet containing horsemeat which has given
consistent satisfactory results was fed as a yearly reference for
comparative mink performance.

1B This control ration, revised by substituting a commercial beef
offal product (Red Heart) for horsemeat, was used as a stand-
ard for comparison of all groups except 9B. Animal perform-
ance on this ration was generally satisfactory and feed costs
were 8% below those noted for 1A.

1C Performance on a ration involving substitution of an all-plant
low-protein cereal (OSU 52) for the basic cereal (OSU 46A)
was good. Lower production costs coupled with trends toward
improved size and fur characteristics were noted.

A ration similar to 1B plus the addition of 0.5% of a polyphos-
phate feed additive, "Nerzone," supported performance equiva-
lent to the control with a significant increase noted in female
size.

3A Substitution of 15% cooked wheat for an equal amount of sole
in the control ration resulted in lower ration costs and animals
of equivalent size. Fur color of males was improved although
wet belly incidence was increased.

3B Inclusion of 15% cooked barley, replacing a like amount of sole
in the control ration, gave better color but poorer quality than the
cooked wheat ration. Ration cost was 8% below controls.

3C Substitution of 15% cooked oat groats, for an equal amount of
sole in the control ration, resulted in growth increases particu-
larly evident in animal length. Fur characteristics were some-
what poorer than those in the wheat and barley groups.

3D A ration containing 15% raw oat groats produced animals sim-
ilar to those fed the cooked oat groats (3C) ; however, a lower
incidence of wet belly was noted.

4A Whole beef blood at 20% replacing the sole portion of the con-
trol ration produced males of similar weights yet significantly
longer than controls. Fur characteristics were similar except
that female fur color was significantly reduced from control
females.

4B Blood meal of beef and pork origin, supplying the same amount
of dry nutrients as fresh blood in the preceding ration, resulted
in animals similar to those on 4A. Fur color of males was sig-
nificantly improved over those receiving fresh blood.
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Test Group No.

7A A ration electronically computed to specifications of 50% pro-
tein and 25% fat and supplying 90% of the nutrients from
dried sources, produced mink of equal size but lower fur color
and quality than the control at 29% lower feed costs.

7B A ration similar to 7A but lower (16.7%) in fat produced males
superior in color and free from wet bellies although smaller in
size. Females were significantly reduced in size and somewhat
lower in fur color and quality. Pelt values were increased over
controls at 29% lower feed cost.

7C A ration similar to 7A but specifying 40% protein and 20% fat
resulted in smaller animals with good fur color and quality and
a notable lack of wet bellies. Ration cost was 38% below the
control.

7D A ration similar to 7A but specifying 40% protein and 13.3%
fat resulted in animals of smaller size, comparable fur color,
and somewhat lower fur quality than the control. No wet bellies
were observed and ration costs were 35% below the control.

7E A ration similar to 7A but specifying 30% protein and 15% fat
resulted in lack of size and quality of both males and females.
Somewhat better fur color was noted for males. Ration costs
were 37% below the control.

7F A ration similar to 7A but specifying 30% protein and 10%
fat resulted in extremely small, short animals with good color
but poor fur quality. Ration costs were 38% below the control.

8A Animals fed a ration of 68% turkey offal without feet including
9% of a low protein cereal (OSU 52) showed increased size
over the control. Underfur greying caused significantly lower
fur color ratings in all animals.

8B A ration similar to 8A with the cereal increased to 19% lowered
ration costs 15% below the control. Underfur greying was evi-
dent in 88% of these animals indicating closeness to the critical
turkey level.

9A A ration containing 80% dry ingredients resulted in animals of
comparable size at ration costs 33% below the control. High in-
cidence of wet bellies resulted in a depressed pelt evaluation.

9B A completely dry ration (1A dried) rehydrated immediately
prior to feeding resulted in animals significantly poorer in fur
characteristics. Occurrence of yellow fat disease suggested inter-
ference from fat rancidity.
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Introduction

The complexity of nutritional prob-
lems facing the mink rancher is well
illustrated by the involved experimental
plan followed at the Oregon Agricul-
tural Experiment Station during 1961.
Research was divided into two broad
areas : 1) Ration evaluation studies,
and 2) fur abnormality and wet belly
research. The former area included
seven separate lines of approach; the
latter four. In all, 30 separate groups
of animals were fed rations containing
41 different ingredients. While the size
of the groups is smaller than formerly,
it is felt that the present plan of opera-
tion gives the opportunity to "screen"
a greater number of problem areas.
Those experiments giving promising
results will be confirmed in further
trials.

Approaches taken were as follows:
1) investigation of standard control
diet composition, 2) effect of a poly-
phosphate emulsifier feed additive, 3)
comparison of various cereal grains
in mink diets at moderately-high levels,
4) feeding value of blood and blood-
meal, 5-6) investigation of fur abnor-
malities occurring when turkey waste
or hake is fed, 7) application of linear
programming in formulation of mink
rations, 8) cereal supplementation de-
signed for diets high in turkey offal,
9) investigation of diets largely com-
posed of dry materials, and 10) red
hip fur abnormality studies with pastel
mink. Study of genetic aspects of wet
belly incidence was conducted with
sapphire mink and results will be re-
ported separately.

Within each of these areas of ap-
proach there are one or more sub-
groups of animals devoted to different
specific aspects of the problem. Results
are reported separately for each treat-

ment and are identified by a number
(indicating area approach, as above)
and a letter designating the specific
sub-group.

Each test ration is described both in
terms of the amounts of each feed-
stuff involved in the mixture and the
chemical nutrients supplied, as determ-
ined by laboratory analyses. In this
publication, for the first time, ration
composition is listed in two ways : 1)
as percentages of the complete wet
diet, as fed, and 2) in terms of per-
centages of dry nutrients supplied.
Both will be of practical value to the
mink rancher—the former as a direct
guide for ranch use and the latter as an
accurate means of evaluating the effec-
tiveness and economy of various in-
gredients.

Results are listed in terms of animal
growth, which is presented in graphic
form and fur color, quality and rela-
tive economies, which are tabulated.
Differences in performance between
groups have been subjected to statisti-
cal analysis and significance is des-
cribed on this basis. In the growth
charts, performance on the test diet is
shown by a solid line and that on the
standard control diet by a broken line.
In some cases, as in the linear pro-
gram study, comparison is made be-
tween various groups fed linear-
programmed rations in addition to the
control diet.

Twenty-five standard dark animals
(13 males and 12 females) were in-
cluded in each test group, with the ex-
ception of those on linear-programmed
rations, which included 10 each. One
hundred and two sapphire mink were
devoted to wet belly research. In addi-
tion, a small herd of 29 pastel breeder
animals has been developed for red-hip
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studies. This year, from 650 kits
weaned every one has served on some
experimental treatment. Total kits born
were 671, including 523 standard dark,
108 sapphire, and 40 pastel. Reproduc-
tive performance in terms of litter av-
erages was 5.03 kits for darks, 5.00 for
pastels, 5.40 for sapphires, or 5.08
overall. Twenty-seven males and 73 fe-
males were selected according to an
index system, as breeders to perpetuate

the herd. Results of these animals' per-
formance on test were compiled from
live data. Ration costs are expressed as
percentages of control ration (1B)
cost, rather than in direct dollar values.
It is felt that feed costs, transporta-
tion, storage, and preparation costs
vary so extensively from ranch to
ranch that the former is the preferable
system.
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Diet Studies

Standard Control

Test Group 1A

Objective: To provide a standard
control ration compounded of ingredi-
ents which have consistently resulted
in satisfactory growth and fur produc-
tion. This ration has been fed for 3
years, and allows some year-to-year
comparison.

Ration Composition %
(As Fed)

Methods: 25 standard dark mink
(13 males and 12 females) were fed
this ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Sole
11.8 %

Tripe
8.7 

Rockfish
21.8

Horsemeat
9.2 % 

Turbot

21%

OSU 46 A
25.2 % 

Cereal Mix OSU 46A
(Composition 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
Fortaf eed 2-4-9-c 	 0.4
Terramycin (TM-10) 	 0.25
Methionine 	 0.05

Proximate Analysis
As
	

Dry
Fed
	

Basis

Dry Matter 	  29.4% 100.0%
Crude Protein 	  14.9

	
50.7

Crude Fat 	  6.4
	

21.7
Crude Fiber 	  0.6

	
1.9

Ash 	 	 3.0
	

10.3
Nitrogen Free Extract.. 4.5

	
15.4
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Production Data
Males	 Females

Final weight (gm.) 	 1893 1139
Weight gain (gm.) 	 801 343
Animal length (cm.) 	 43.7 37.0
Fur color* 	 177 183
Fur quality* 	 146 175
Weight of dried skin (gm.) 100 59
Length of dried skin (cm.) 67.5 57.3
Wet belly incidence (%) 23.1 0
Estimated pelt value ($) 	 24.94 12.33
Ration cost per mink

(%) of control 1B) 	 	 108

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

Conclusions: Since test group 1A
was fed the same standard control diet,
containing horse meat, as used in the
past 2 years, it is interesting to com-
pare year-by-year performance. In
1960, group performance on this diet
was marred by high wet belly inci-
dence (67%) in dark males. This year
there were only 23% wet bellies in the
males, strengthening the theory that
this condition is under genetic, as well
as nutritional, control. Correlation of

wet belly incidence to growth rate is
evident, since the final 1960 male
weight was 137 grams higher than the
current year's. Although there appear
to be differences in growth and fur
characteristics between groups lA and
1B in favor of this group, they proved
insignificant when analyzed statistic-
ally. Largely due to inclusion of horse-
meat, costs of this diet were higher
than all others investigated.
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Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter 	
Crude Protein 	
Crude Fat 	
Crude Fiber 	
Ash 	
Nitrogen Free Extract__

29.0% 100.0%

	

13.7	 47.3

	

6.7	 23.2

	

0.6	 2.0

	

3.1	 10.6

	

4.9	 16.9

Revised Control

Test Group 1B

Objective: To evaluate a revised
control diet in which a commercial beef
product, "Red Heart," was substituted
for the horse meat in ration 1A. This
diet has been used as the standard for
comparison in all groups except 9B.

Ration Composition %
(As Fed)

Methods: 25 standard dark mink
(13 males and 12 females) were fed
this ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Cereal Mix OSU 46A
(Composition 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
Fortafeed 2-4-9-c 	 0.4
Terramycin (TM-10) 	 0.25
Methionine 	 0.05
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Production Data
Males Females

Final weight (gm.) 	 1810 1038
Weight gain (gm.) 	 744 262
Animal length (cm.) 	 43.4 37.1
Fur color* 	 231 175
Fur quality* 	 177 150
Weight of dried skin (gm.) 105 60
Length of dried skin (cm.) 67.8 55.5
Wet belly incidence (%) 38.5 8.3
Estimated pelt value ($) 20.77 12.79
Ration cost per mink

(% of control) 	 	 100

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

Conclusions: Test group 1B pro-
vides an opportunity to assess direct
replacement of horsemeat (as in group
1A) with a commercial beef offal pro-
duct. The purpose of this experiment
was to provide a standard control diet
as satisfactory as, yet more economical
than, that used previously; hence of
more direct interest in ranch applica-
tion. It is considered that this purpose
was achieved. No significant differ-
ences in growth rate or fur character-

istics occurred between this test group
and 1A; however, feed costs were 8%
lower. Wet belly incidence appears
higher on this diet and this point will
be checked further; however, it is possi-
ble that this may be due to inherent
differences in the animals in this group
rather than to diet alone. Test group
1B serves as the standard for com-
parison with other groups in the fol-
lowing pages.

11



Turbot
21.3%

Sole
12

Rockfish

Tripe
8.9 %

22.1"/.

Revised Control

Test Group 1C

Objective: To evaluate a revised con-	 Methods: 25 standard dark mink
trol diet in which an all-plant, low- (13 males and 12 females) were fed
protein cereal was substituted for a this ration from July 26 to pelting.
more highly-fortified cereal, in an at-
tempt to verify 1960 results which in-
dicated improved performance on this
cereal.

Ration Composition %
	

Ration Composition %
(As Fed)
	

(Dry Basis)

Cereal Mix OSU 52
(Composition 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
Fortafeed 2-4-9-c 	 0.4
Terramycin (TM-10) 	 0.25
Methionine 	 0.05

Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter 	  29.9% 100.0%
Crude Protein 	  13.0	 43.3
Crude Fat 	  6.3	 21.1
Crude Fiber 	  0.6	 2.1
Ash 	  2.8	 9.4
Nitrogen Free Extract.. 7.2	 24.1
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Results:

GROWTH CURVES

Production Data
Males Females

Final Weight (gm.) 	 1934 1098
Weight gain (gm.) 	 812 328
Animal length (cm.) 	 44.1 37.1
Fur color* 	 192 158
Fur quality* 	 169 158
Weight of dried skin (gm.) 116 58
Length of dried skin (cm.) 71.8 55.9
Wet belly incidence (%) 53.8 0
Estimated pelt value ($) 	 21.85 13.13
Ration cost per mink

(%) of control 1B) 	 	 93

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

Conclusions: Inclusion of an all-
plant, low protein cereal in the diet for
test group 1C reflects interest shown in
such cereal following its successful use
in high turkey offal diets in 1960. With
the meat-fish diet employed in this
group, this cereal also gave most satis-
factory results. Size of animals in this
group appeared generally larger than
the control, though the difference
proved statistically insignificant due

largely to presence of 1 abnormally-
small male in this group. Male pelt
weights were significantly greater than
the controls. Estimated pelt values
were greater, and ration costs were
lower than those for the controls. This
performance justifies further investi-
gation of cereal composition in relation
to overall nutrient content of pelter
mink diets.
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Ration Additive

Test Group 2

Objective: To test a polyphosphate	 Methods: 25 standard dark mink
emulsifying agent, "Nerzone," as a (13 males and 12 females) were fed
feed additive to a standard diet, de- this ration from July 26 to pelting.
signed to improve palatability, and as a
means of improving production.

Ration Composition %
	

Ration Composition %
(As Fed)
	

(Dry Basis)

Proximate Analysis
	

Cereal Mix OSU 46A
As	 Dry
	 (Composition as Fed)

Fed	 Basis

Dry Matter 	  29.5% 100.0%	 Wheat Germ 	  25.0
Crude Protein 	  13.7	 46.5	 Alfalfa Meal 	  12.5
Crude Fat 	  7.1	 23.9	 Skim Milk Powder 	  8.3
Crude Fiber 	  0.5	 1.8	 Meat Meal 	  16.6
Ash 	  3.7	 12.5	 Soybean Oil Meal 	  16.6
Nitrogen Free Extract	 4.5	 15.3	 Ground Oat Groats 	  16.6

Brewer's Yeast 	  4.2
Fortafeed 2-4-9-c 	  0.4
Terramycin (TM-10) 	  0.25
Methionine 	  0.05
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Results:

GROWTH CURVES

O

K
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DEC
13 26	 23	 20	 16

DATE

Production Data
Males Females

Final weight (gm.) 	 1799 1163
Weight gain (gm.) 	 706 354
Animal length (cm.) 	 44.0 37.4
Fur color* 	 238 183
Fur quality* 	 177 175
Weight of dried skin (gm.) 102 61
Length of dried skin (cm.) 67.9 57.5
Wet belly incidence (%) 38.5 8.3
Estimated pelt value ($) 	 20.00 12.33
Ration cost per mink

( % of control) 	 	 95

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

•

Conclusions: Test group 2 illus-
trates effects of 0.5% "Nerzone" feed
additive in the standard control diet.
This material was intended to increase
the moisture-holding capacity of the
diet, thus keeping it from drying out
on the wire. Results do not indicate
significant performance differences be-
tween this group and the standard con-
trol. Although final female weights and
weight gains were greater in this

group, there was no significant differ-
ence in growth of the males in this
group and group 1B. Neither fur char-
acteristics nor incidence of wet bellies
was significantly different from those
items in the control animals. The cost
of the feed additive was not included
in ration cost evaluation ; therefore, the
figures listed should be increased some-
what.
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Cooked Wheat

Test Group 3A

Objective: To evaluate inclusion of	 Methods: 25 standard dark mink
15% cooked wheat (representative of (13 males and 12 females) were fed
a non-fibrous grain) in pelter mink this ration from July 26 to pelting.
rations as a means of lowering ration
costs while maintaining or improving
production.

Ration Composition %
	

Ration Composition %
(As Fed)
	

(Dry Basis)

Proximate Analysis
	

Cereal Mix OSU 46A
As	 Dry
	 (Composition as Fed)

Fed	 Basis	 %

Dry Matter 	  31.5% 100.0%	 Wheat Germ 	  25.0
Crude Protein 	  11.4	 36.3	 Alfalfa Meal 	  12.5
Crude Fat 	  5.3	 16.9	 Skim Milk Powder 	  8.3
Crude Fiber 	  1.4	 4.4	 Meat Meal 	  16.6
Ash 	  2,3	 7.2	 Soybean Oil Meal 	  16.6
Nitrogen Free Extract_ 11.1	 35.2	 Ground Oat Groats 	  16.6

Brewer's Yeast 	  4.2
Fortafeed 2-4-9-c 	  0.4
Terramycin (TM-10) 	  0.25
Methionine 	  0.05
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Results:

GROWTH CURVES 

- 3A

W -WEAN WT.
V - ON TEST 

Production Data
Males Females

Final weight (gm.) 	 1737 1043
Weight gain (gm.) 	 660 273
Animal length (cm.) 	 44.2 38.0
Fur color* 	 177 233
Fur quality* 	 154 175
Weight of dried skin (gm.) 104 61
Length of dried skin (cm.) 66.8 56.6
Wet belly incidence (%) 61.5 8.3
Estimated pelt value ($).. 21.85 11.17
Ration cost per mink

( %of control) 	 	 87

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

Conclusions: Increased use of cereal
grains to improve pelter mink ration
economy has been a subject of interest
for several years. Test group 3A as-
sesses the value of cooked wheat fed
as 15% of the wet diet. It should be
noted that this supplies considerably
more than 15% of the diet nutrients on
a dry basis. The wheat was cooked at
the mill. Initially it was fed rolled but
subsequently it was finely ground to
allow for thorough and complete mix-
ing in the diet, thus preventing wast-

age. Ration costs on this diet were only
87% of the control. Fur color in males
was better and in females was poorer
than the controls, although neither of
these differences were significant. Size
of males appeared less, though insig-
nificantly so, than the controls, but wet
belly incidence was higher. Estimated
pelt values were higher for the males,
lower for the females, than the con-
trols, largely reflecting color differ-
ences.
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Cooked Barley

Test Group 3B

Objective: To evaluate inclusion of
15% cooked barley (representative of
a fibrous grain) in pelter mink rations
as a means of lowering ration costs
while maintaining or improving pro-
duction.

Ration Composition %
(As Fed)

Methods: 25 standard dark mink
(14 males and 11 females) were fed
this ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Cereal Mix OSU 46A
(Composition 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
Fortafeed 2-4-9-c 	  0.4
Terramycin (TM-10) 	  0.25
Methionine 	  0.05

Proximate Analysis
As
	 Dry

Fed
	

Basis
Dry Matter 	  32.0% 100.0%
Crude Protein 	  11.6

	
36.2

Crude Fat 	  5.2
	

16.2
Crude Fiber 	 	 1.7

	
5.4

Ash 	  2.2
	

6.8
Nitrogen Free Extract_ 11.3

	
35.4
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Results:

GROWTH CURVES

7c:	 
- 34

IS
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V - ON TEST  
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JULY	 AUG SEPT OCT

13 26	 23	 20	 1E1
DATE

Production Data
Males Females

Final weight (gm.) 	 1827 980
Weight gain (gm.) 	 814 233
Animal length (cm.) 	 44.4 37.3
Fur color* 	 200 164
Fur quality* 	 193 182
Weight of dried skin (gm.) 100 57
Length of dried skin (cm.) 67.8 54.8
Wet belly incidence (%) 28.6 0
Estimated pelt value ($) 22.15 12.59
Ration cost per mink

(% of control) 	 	 92

Fur color and quality, taken from dried
skins, is rated from 100 (best) to 400 ( poorest).
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Conclusions: Test group 3B pro-
vides a direct comparison with 3A in
choice of cereal grain. This group in-
volved barley ; 3A included wheat. The
levels fed (15%) and the method of
preparation were identical. Analyses of
performance data showed no signifi-
cant differences between groups 3A
and B ; however, there were apparent
trends towards heavier male weights in
the barley group than the wheat-fed
group. Although barley is cheaper than
wheat, ration costs were slightly higher

for the barley group (although they
were still below control costs). This
may be accounted for either by actual
higher food consumption or greater
wastage when barley was included in
the ration. Estimated pelt values were
higher for both males and females on
the barley diet than for those on the
wheat diet. The reason for this is the
lower wet belly incidence on the barley
diet; however, the significance of this
observation is not clear.
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Turbot
15.9%

OSU 46A
19.2 %

Rockfish
16.6%

Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter 	
Crude Protein 	
Crude Fat 	
Crude Fiber 	
Ash 	
Nitrogen Free Extract..

35.0% 100.0%

	

12.1	 34.4

	

5.8	 16.5

	

1.0	 3.0

	

2.5	 7.2

	

13.6	 38.9

Cooked Oat Groats

Test Group 3C

Objective: To evaluate inclusion of
15 % cooked oat groats (representative
of an improved product from a fibrous
grain) in pelter mink rations as a
means of lowering ration costs while
maintaining or improving production.

Ration Composition %
(As Fed)

Methods: 25 standard dark mink
(13 males and 12 females) were fed
this ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Cereal Mix OSU 46A
(Composition 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
Fortafeed 2-4-9-c 	 0.4
Terramycin (TM-10) 	 0.25
Methionine 	 0.05
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Production Data
Males Females

Final weight (gm.) 	 1905 1064
Weight gain (gm.) 	 808 289
Animal length (cm.) 	 45.3 36.8
Fur color* 	 200 225
Fur quality* 	 192 200
Weight of dried skin (gm.) 108 57
Length of dried skin (cm.) 68.7 55.7
Wet belly incidence (%) 53.8 0
Estimated pelt value ($) 21.28 11.00
Ration cost per mink

(% of control) 	 	 85

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

Y-
,„, v

500

Conclusions: Past years' perform-
ances have indicated the suitability of
cooked oat groats in pelter mink diets
and this group provides a comparison
of oat groats with barley (3B) and
wheat (3A). Again, levels (15%, wet
basis) and methods of preparation
were similar to those described for
group 3A. Although significant growth
rate differences were not demonstrated,
there were trends toward larger males
and females as compared to either the
standard control or the other grain-fed
groups. Males were significantly longer

in this group than in the controls. Wet
belly incidence increased over the con-
trol and over the barley-fed group,
again paralleling growth rate. Fur char-
acteristics were generally similar to
those of the other grain-fed groups and
estimated pelt values likewise did not
differ significantly; however, female
pelt values were significantly below
controls. Ration cost was equivalent to
that of the wheat-fed group and was
below that of either the barley-fed
group or control.
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Raw Oat Groats

Test Group 3D

Objective: To evaluate raw oat	 Methods: 25 standard dark mink
groats fed as 15% of a ration for pel- (13 males and 12 females) were fed
ter mink. This diet allows an evalua- this ration from July 26 to pelting.
tion of cereal cooking and may be com-
pared with the cooked product fed at
the same level to Group 3C.

Ration Composition %
	

Ration Composition %
(As Fed)
	

(Dry Basis)

Proximate Analysis
	

Cereal Mix OSU 46A
As	 Dry
	 (Composition as Fed)

Fed	 Basis	 %
Dry Matter 	  33.8% 100.0%	 Wheat Germ 	  25.0
Crude Protein 	  11.5	 33.9	 Alfalfa Meal 	  12.5
Crude Fat 	  5.7	 16.9	 Skim Milk Powder 	  8.3
Crude Fiber 	  0.8	 2.3	 Meat Meal 	  16.6
Ash 	  2.7	 8.0	 Soybean Oil Meal 	  16.6
Nitrogen Free Extract.. 13.1	 38.9	 Ground Oat Groats 	  16.6

Brewer's Yeast 	  4.2
Fortafeed 2-4-9-c 	  0.4
Terramycin (TM-10) 	  0.25
Methionine 	  0.05
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154 200
111 61
69.0 57.6
15.4 0
22.62 11.50
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Production Data
Males Females

Final weight (gm.) 	  1878	 1117
Weight gain (gm.) 	  770	 344
Animal length (cm.) 	
Fur color* 	
Fur quality* 	
Weight of dried skin (gm.)
Length of dried skin (cm.)
Wet belly incidence (%)
Estimated pelt value ($)
Ration cost per mink

(% of control) 	 	 84

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

Conclusions: Test group 3D offers
an evaluation of raw versus cooked
grain for mink feeding. Its diet in-
cluded 15% "raw" oat groats (although
oats are subjected to some heat in re-
moval of the hull) as compared with
15% cooked oat groats in an other-
wise identical diet fed group 3C. Elim-
ination of the cooking allowed a slight
reduction in ration cost, at no apparent
sacrifice in performance. Both growth

and fur characteristics were similar on
the raw and cooked oat groats diets,
and were reflected in similar estimated
pelt values. Wet belly incidence was
low on this diet, even though good
growth was obtained; however, more
experimentation will be necessary to
develop the relationship, if any, be-
tween cooking and occurrence of this
problem.
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Rockfish

21.9 %

Fresh
Beef

Blood
13.1

Red Heart
7.5% Turbot

21.1 %

OSU 46 A

25.3 % 

Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter 	
Crude Protein 	
Crude Fat 	
Crude Fiber 	
Ash 	
Nitrogen Free Extract._

32.0% 100.0%

	

14.8	 46.3

	

7.6	 23.9

	

0.9	 2.8

	

2.5	 7.8

	

6.2	 19.2

Whole Blood

Test Group 4A

Objective: To test the inclusion of
fresh-frozen beef blood at a 20% level
(wet basis) replacing sole, in pelter
mink rations.

Ration Composition %
(As Fed)

Methods: 25 standard dark mink
(13 males and 12 females) were fed
this ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Cereal Mix OSU 46A
(Composition 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
Fortafeed 2-4-9-c 	 0.4
Terramycin (TM-10) 	 0.25
Methionine 	 0.05
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Production Data
Males Females

Final weight (gm.) 	 1837 1123
Weight gain (gm.) 	 731 328
Animal length (cm.) 	 45.7 38.1
Fur color* 	 215 233
Fur quality* 	 177 183
Weight of dried skin (gm.) 110 62
Length of dried skin (cm.) 68.6 59.2
Wet belly incidence (%) 30.8 0
Estimated pelt value ($) 22.16 11.38
Ration cost per mink

(% of control) 	 	 96

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

Conclusions: In addition to its nu-
tritive value, mainly as a source of
protein, whole beef blood might be ex-
pected to aid palatability of mink diets.
It was collected at a slaughter plant,
frozen immediately, and thawed just
prior to inclusion as 20% of the diet
for this test group, replacing a like
amount of sole. Male weights were sim-
ilar, but females were larger on the
fresh blood diet, but the differences
were not generally significant. Male

animal lengths were, however, signifi-
cantly greater on this diet than on the
control. Fur characteristics were sim-
ilar to those of the control animals ex-
cept in the instance of fur color in fe-
males on the blood diet which was sig-
nificantly poorer. Ration costs, while
below the control, were not as low as
in the cereal groups (group 3 series).
Overall performance is judged satis-
factory enough to warrant further
study of the feed use of fresh blood.
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Tripe
8.7 %

Liver 2.

Red Heart

7. 5 %

Blood Meal

Test Group 4B

Objective: To test the inclusion of	 Methods: 25 standard dark mink
spray-dried beef and hog blood meal to (13 males and 12 females) were fed
supply the same dry matter content as this ration from July 26 to pelting.
the fresh blood in experiment 4A.

Ration Composition %
	

Ration Composition 0/0
(As Fed)
	

(Dry Basis)

Cereal Mix OSU 46A

	

Dry
	 (Composition as Fed)

	

Basis	 %

100.0%	 Wheat Germ 	  25.0

	

48.5	 Alfalfa Meal 	  12.5

	

18.9	 Skim Milk Powder 	  8.3

	

1.8	 Meat Meal 	  16.6

	

8.3	 Soybean Oil Meal 	  16.6

	

22.5	 Ground Oat Groats 	  16.6
Brewer's Yeast 	  4.2
Fortafeed 2-4-9-c 	  0.4
Terramycin (TM-10) 	  0.25
Methionine 	  0.05

Proximate Analysis
As
Fed

Dry Matter 	  32.9%
Crude Protein 	  16.0
Crude Fat 	  6.2
Crude Fiber 	  0.6
Ash 	  2.7
Nitrogen Free Extract 	  7.4
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Production Data
Males Females

Final weight (gm.) 	 1824 1113
Weight gain (gm.) 	 709 318
Animal length (cm.) 	 45.7 38.8
Fur color* 	 162 233
Fur quality* 	 185 192
Weight of dried skin (gm.) 110 63
Length of dried skin (cm.) 68.3 58.3
Wet belly incidence (%) 46.2 8.3
Estimated pelt value ($) 23.52 11.07
Ration cost per mink

(% of control) 	 	 90

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

DEC
7

Conclusions: An alternative to freez-
ing as a method of preserving blood
for mink feed use is drying into blood
meal. Test group 4B was fed a diet
similar to 4A except that beef and
pork blood meal was used to supply
the same amount of diet dry matter. A
high-grade product was selected. This
imparted some adhesive quality to the
diet which aided in holding the feed on
the wire and probably reduced wast-
age. Performance results were almost
identical with those reported on the

fresh blood diet (4A) with the excep-
tion that fur color was significantly
improved in the males, and poorer in
the females. As did the fresh blood
diet, this one resulted in significantly
longer males and a trend toward longer
females. On the basis of the limited
data available from this and the pre-
ceding test group, it would appear that
either dried or fresh blood may be a
satisfactory adjunct to pelter mink
diets at the levels used.
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Linear Programming

Test Group 7A

Objective: To test a ration formu-
lated with an electronic computer to
provide 50% crude protein (dry basis)
and a protein:fat ratio of 2 :1 in a
"least cost" formula.

Ration Composition %
(As Fed)

Methods: 10 standard dark mink
(6 males and 4 females) were fed this
ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter 	 43.5% 100.0%
Crude Protein 	 21.7 49.8
Crude Fat 	 8.9 20.5
Crude Fiber 	 1.2 2.8
Ash 	 2.7 6.3
Nitrogen Free Extract 	 9.0 20.6

Premix 7A
(Composition as Fed)

Blood Meal 	 	  44.0
Wheat Bran 	  29.6
Herring Meal 	  20.6
Meat Meal 	  5.3
Tomato Pomace 	  0.5
Dicalcium Phosphate 	  0.05
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Production Data
Males Females

Final weight (gm.) 	  1778	 1015
Weight gain (gm.) 	  728	 268

DEG

Animal length (cm.) 	
Fur color* 	
Fur quality* 	
Weight of dried skin (gm.)
Length of dried skin (cm.)
Wet belly incidence (%)
Estimated pelt value ($)
Ration cost per mink

42.9 36.8
217 250
200 175
101 63
66.8 56.1
50.0 0
19.97 10.63

(% of control) 	 	 71

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

Conclusions: Test group 7A is the
first of six groups devoted to an exper-
iment in linear programming or use of
the electronic computer in ration for-
mulation. Such formulation is con-
ducted by providing the computer with
certain specifications regarding animal
requirements and feedstuff values and
requiring from it the ration combina-
tion that will meet the specifications at
least cost. In this series of experiments
the specifications were varied to include
3 protein levels (50%, 40%, 30%) and
2 ratios of protein to fat (2:1, 3:1).

Group 7A received a 50% protein ra-
tion containing 90% of the nutrients
from dry ingredients including 26%
blood meal and 17% wheat bran as fed.
Performance of the males was similar
to the controls except wet belly inci-
dence was increased, presumably due
to high dietary fat level. Female per-
formance resembled that of control fe-
males except that fur color was some-
what poorer. Ration cost was only
71% of the controls, largely due to the
extensive use of dry ingredients.
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Linear Programming

Test Group 7B

Objective: To test a ration formu-	 Methods: 10 standard dark mink
lated with an electronic computer to (6 males and 4 females) were fed this
provide 50% crude protein (dry basis) ration from July 26 to pelting.
and a 3:1 protein:fat ratio in a "least
cost" formula.

Ration Composition %
	

Ration Composition %
(As Fed)
	

(Dry Basis)

Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter 	  43.8% 100.0%
Crude Protein 	  20.6	 47.0
Crude Fat 	  6.5	 14.8
Crude Fiber 	 	 1.2	 2.8
Ash 	 	 2.5	 5.7
Nitrogen Free Extract.. 13.0	 29.7

Premix 7B
(Composition as Fed)

%
Blood Meal 	 42.7

Wheat Bran 	 30.7
Herring Meal 	 20.8

Meat Meal 	 5.4

Tomato Pomace 	 0.4
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Production Data
Males Females

Final weight (gm.) 	  1603	 870
Weight gain (gm.) 	  558	 145
Animal length (cm.) 	  42.9	 36.8
Fur color* 	  167	 200
Fur quality* 	  217	 175
Weight of dried skin (gm.) 101 	 57
Length of dried skin (cm.) 	 65.9	 53.6
Wet belly incidence (%)	 0	 0
Estimated pelt value ($) 	 25.58	 11.63
Ration cost per mink

(% of control) 	 	 71

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

Conclusions: Test group 7B received
a linear programmed ration designed
to supply 50% crude protein and a
protein: fat ratio of 3 :1. This diet is
similar to that fed group 7A except
that the amount of lard is lowered
molasses making up the difference. A
restriction was put on the maximum
level of molasses at 10% of the diet;
otherwise the computer would have
used it more extensively due to its low
price. Size of both males and females
on this diet was depressed, that of fe-

males significantly so from the con-
trols. Fur color tended to be improved
over that exhibited by group 7A, in
both males and females; however, qual-
ity was no better. Increased pelt value
estimates were made in this group due
largely to improved color and absence
of wet bellies. In this latter connection
it should be noted that the major dif-
ference between this ration and 7A
was its lower fat content. Ration cost
was only 71% of the controls.
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Linear Programming

Test Group 7C

Objective: To test a ration formu-	 Methods: 10 standard dark mink
lated with an electronic computer to (6 males and 4 females) were fed this
provide 40% crude protein (dry basis) ration from July 26 to pelting.
and a 2:1 protein:fat ratio in a "least
cost" formula.

Ration Composition c/o 	 Ration Composition %
(As Fed)
	

(Dry Basis)

Liver
0.9%

Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter' 	  43.2% 100.0%
Crude Protein 	  16.1	 37.2
Crude Fat 	  7.9	 18.4
Crude Fiber 	  1.4	 3.2
Ash 	  2.9	 6.7
Nitrogen Free Extract.. 14.9	 34.5

Premix 7C
(Composition as Fed)

%
Wheat Flour Middlings 	 26.7

Blood Meal 	 23.5

Herring Meal 	 22.0

Wheat Bran 	 20.9

Meat Meal 	 6.5

Tomato Pomace 	 0.4
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Production Data
Males Females

Final weight (gm.) 	 1648 938
Weight gain (gm.) 	 605 193
Animal length (cm.) 	 43.0 36.1
Fur color* 	 217 200
Fur quality* 	 167 150
Weight of dried skin (gm.) 100 58
Length of dried skin (cm.) 66.4 54.0
Wet belly incidence (%) 0 0
Estimated pelt value ($) 24.33 12.00
Ration cost per mink

(% of control) 	 	 62

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

Conclusions: The diet for group 7C
was formulated to contain 40% crude
protein and a 2 :1 protein :fat ratio. Re-
duction in protein level from the pre-
vious two diets was accomplished mainly
by substituting wheat flour middlings
for blood meal and wheat bran. To-
mato pomace was included in several
of these computed rations, but at a
very low level due to its high fiber con-
tent. Restrictions like this one on fiber
level were introduced so that the ma-
chine would assemble suitable rations
from a palatability and nutrient stand-

point. Growth performance was some-
what reduced from 1 B, though not sig-
nificantly so, and neither males nor fe-
males were smaller than on the higher
protein rations 7A and B. No wet bel-
lies occurred in the males, and this is
consistent with smaller sized animals,
even though the diet contained 18.4%
fat. Fur color and quality were slightly
improved in males, similar in females
to the control. Ration cost was reduced
to 62% of the control cost : this was
probably the most economical ration
in terms of returns received.
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Linear Programming

Test Group 7D

Objective: To test a ration formu-	 Methods: 10 standard dark mink
lated with an electronic computer to (6 males and 4 females) were fed this
provide 40% crude protein (dry basis) ration from July 26 to pelting.
and a 3 :1 protein :fat ratio in a "least
cost" formula.

Ration Composition %
	

Ration Composition %
(As Fed)
	

(Dry Basis)

Liver
0.9%

Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter 	  40.2% 100.0%
Crude Protein 	  15.4	 38.3

Crude Fat 	  4.3	 10.8

Crude Fiber 	  1.0	 2.8

Ash 	  2.6	 6.5
Nitrogen Free Extract.. 16.7	 41.6

Premix 7D
(Composition as Fed)

%

Wheat Flour Middlings 	 50.0

Herring Meal 	 19.8

Blood Meal 	 17.8

Meat Meal 	 6.1

Wheat Bran 	 5.9

Tomato Pomace 	 0.4
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Production Data
Males Females

Final weight (gm.) 	 1618 963
Weight gain (gm.) 	 587 230
Animal length (cm.) 	 42.9 36.4
Fur color* 	 233 175
Fur quality* 	 183 200
Weight of dried skin (gm.) 94 58
Length of dried skin (cm.) 62.5 53.2
Wet belly incidence (%) 0 0
Estimated pelt value ($) 22.92 12.00
Ration cost per mink

(% of control) 	 	 65

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

Conclusions: To insure a high qual-
ity of protein, the linear programming
specified 15% herring meal and 0.9%
fresh beef liver on a dry basis (equiv-
alent to 3% fresh liver). Test group
7D received a 40% crude protein,
13.3% fat diet, formulated by reducing
the lard and increasing the wheat flour
middlings at the expense of wheat bran
in previous diets. Influence of protein :
fat ratios is apparent in these experi-
ments, and considering the series of six

together, the higher energy rations
consistently improved growth—signifi-
cantly so in the males. In this group,
both males and females were slightly
smaller, though not significantly so
than IB. Fur color and quality were
generally similar to the controls. No
wet bellies occurred and prices aver-
aged about equal to the controls. Ra-
tion cost was 65% of control cost,
since although the feed cost itself was
lowered, consumption was increased.
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Linear Programming

Test Group 7E

Objective: To test a ration formu-	 Methods: 10 standard dark mink
lated with an electronic computer to (6 males and 4 females) were fed this
provide 30% crude protein (dry basis) ration from July 26 to pelting.
and a 2:1 protein :fat ratio in a "least
cost" formula.

Ration Composition %
	

Ration Composition %
(As Fed)
	

(Dry Basis)

Liver
0.9%

Proximate Analysis
As	 Dry
Fed	 Basis

Dry Matter 	  40.4% 100.0%
Crude Protein 	  11.5	 28.5
Crude Fat 	  5.0	 12.4
Crude Fiber 	 	 1.1	 2.6
Ash 	  2.7	 6.7
Nitrogen Free Extract.. 20.1	 49.8

Premix 7E
(Composition as Fed)

Wheat Four Middlings 	 63.2
Herring Meal 	 20.1
Ground Milo 	 10.7
Meat Meal 	 4.8
Crab Meal 	 0.9
Dicalcium Phosphate 	 0.3
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Production Data
Males Females

Final weight (gm.) 	  1643	 973
Weight gain (gm.) 	  627	 228
Animal length (cm.) 	
Fur color* 	
Fur quality* 	

	

Weight of dried skin (gm 	 )
Length of dried skin (cm.)
Wet belly incidence (%)
Estimated pelt value ($)
Ration cost per mink

(% of control) 	 	 63

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

Conclusions: The lowest protein
level (30%, dry basis) fed throughout
the experiments is exemplified by diets
fed test groups 7E and F. This group
received 30% crude protein and 15%
fat, which was arranged largely by
eliminating blood meal and wheat bran
and introducing lower-protein feeds
like ground milo. Another restriction
imposed in the formulation is illus-
trated by the small amount of crab
meal allowed to keep the mineral con-

tent within prescribed limits. Reduc-
tion of dietary protein level from 40%
to 30% did not depress either male or
female weights, as long as an adequate
energy level was maintained. Fur color
was somewhat better and quality
poorer in the males than in 1B males,
while female fur characteristics were
similar to the controls. Ration econ-
omy was again attained, since cost of
this ration was only 63% of the con-
trol diet.
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Linear Programming

Test Group 7F

Objective: To test a ration formu-
lated with an electronic computer to
provide 30% crude protein (dry basis)
and a 3 :1 protein:fat ratio in a "least
cost" formula.

Ration Composition %
(As Fed)

Methods: 10 standard dark mink
(6 males and 4 females) were fed this
ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Liver
0.9%

Proximate Analysis
As
Fed

Dry
Basis

Dry Matter 	 40.1% 100.0%
Crude Protein 	 10.6 26.5
Crude Fat 	 3.2 8.1
Crude Fiber 	 1.1 2.7
Ash 	 2.4 6.0
Nitrogen Free Extract._ 22.7 56.7

Premix 7F
(Composition as Fed)

Wheat Flour Middlings 	  55.7
Ground Milo 	  21.3
Herring Meal 	  18.9
Meat Meal 	  3.6
Dicalcium Phosphate 	  0.5
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Production Data
Males Females

Final weight (gm.) 	  1307	 848
Weight gain (gm.) 	  278	 123
Animal length (cm.) 	  41.2	 36.4
Fur color* 	  217	 150
Fur quality* 	  217	 175
Weight of dried skin (gm.) 77	 49
Length of dried skin (cm.) 62.9	 49.8
Wet belly incidence (%) 	 16.7	 0
Estimated pelt value ($)	 22.50	 12.38
Ration cost per mink

(% of control) 	 	 62

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

Conclusions: The diet fed test group
7F was similar in protein but lower in
fat content than that fed group 7E.
This contained 30% crude protein and
10% fat and was formulated by in-
creasing ground milo content to 13%
at the expense of lard. Lowering, of
the energy value by reduction of die-
tary fat apparently restricted growth
of both males and females. Pelt length

was significantly reduced from con-
trols in both males and females. Fur
color values were slightly improved,
and quality values slightly lowered
from those assessed group 1B ; how-
ever, estimated pelt prices remained ap-
proximately equal to the controls. Ra-
tion cost was 62% of the control cost.
Only one wet belly male occurred in
this group.
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Turkey Offal

without Feet

62.4 %

Turkey Offal

Test Group 8A

Objective: To evaluate a ration con-	 Methods: 25 standard dark mink
taining 68% turkey offal and a special, (13 males and 12 females) were fed
all-plant, low-protein cereal (OSU 52) this ration from July 26 to pelting.
fed at a 9% dietary level.

Ration Composition %
	

Ration Composition
(As Fed)
	

(Dry Basis)

Proximate Analysis
	

Cereal Mix OSU 52
As	 Dry
	

(Composition as Fed)
Fed	 Basis

Dry Matter 	  32.3% 100.0%
Crude Protein 	  13.3	 41.2
Crude Fat 	  8.6	 26.5
Crude Fiber 	  0.5	 1.6
Ash 	  2.0	 6.1
Nitrogen Free Extract.. 7.9	 24.6

%
Ground Oat Groats 	 65.0
Alfalfa Meal 	 10.0
Wheat Germ Meal 	 10.0
Soybean Oil Meal 	 10.0
Brewer's Yeast 	 4.3
Fortafeed 2-4-9-c 	 0.4
Terramycin (TM-10) 	 0.25
Methionine 	 0.05
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Results:
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Production Data
Males Females

Final weight (gm.) 	 1967 1084
Weight gain (gm.) 	 900 342
Animal length (cm.) 	 45.3 37.9
Fur color* 	 400 400
Fur quality* 	 169 200
Weight of dried skin (gm.) 110 60
Length of dried skin (cm.) 70.6 57.8
Wet belly incidence (%) 692 8.3
Estimated pelt value ($) 9.89 5.49
Ration cost per mink

(% of control) 	 	 92

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

Conclusions: Successful perform-
ance in 1960 on a diet containing 50%
turkey offal without feet and 9% of a
special cereal (OSU 52) suggested a
confirmatory trial with the same cereal
and a higher level (68%) of the tur-
key product. In test group 8A size of
both males and females tended to be
larger than on the control diet, and
this type of growth has been charac-
teristic of turkey offal diets in the past ;
however, improvement did not reach
statistical significance. Again, parallel-
ing higher dietary fat level and in-

creased growth, wet belly incidence in-
creased in the males. Fur quality was
rated significantly poorer in the fe-
males. The dominant feature of this
group was the appearance of underfur
greying or banding (referred to as
"turkey waste syndrome") which oc-
curred consistently throughout the dark
mink. This situation resulted in sig-
nificant lowering of fur color ratings
and consequent lowering of estimated
pelt values. It should be emphasized
that these observations apply to stand-
ard dark and not to mutation mink.
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Turkey Offal

Test Group 8B

Objective: To evaluate an increased
level (18%) of special cereal (see
Group 8A) fed with a diet containing
68% turkey offal.

Ration Composition o
(As Fed)

Methods: 25 standard dark mink
(13 males and 12 females) were fed
this ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Proximate Analysis
As
Fed

Dry
Basis

Dry Matter 	 38.1% 100.0%
Crude Protein 	 13.2% 34.5%
Crude Fat 	 10.5 27.7
Crude Fiber 	  0.8 2.2
Ash 	 2.2 5.8
Nitrogen Free Extract.. 11.4 29.8

Cereal Mix OSU 52
(Composition as Fed)

Ground Oat Groats 	  65.0
Alfalfa Meal 	  100
Wheat Germ Meal 	  10.0
Soybean Oil Meal 	  10.0
Brewer's Yeast 	  4.3
Fortafeed 2-4-9-c 	  0.4
Terramycin (TM-10) 	  0.25
Methionine 	  0.05
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Production Data
Males Females

Final weight (gm.) 	  1849	 1030
Weight gain (gm.) 	  796	 283
Animal length (cm.) 	  45.4	 37.8
Fur color* 	  400	 358
Fur quality* 	  162	 183
Weight of dried skin (gm.) 109	 60
Length of dried skin (cm.) 69.7	 56.8
Wet belly incidence ((A) 462	 0
Estimated pelt value ($)	 12.12	 7.04
Ration cost per mink

(% of control) 	 	 85

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

Conclusions: Test group 8B was de-
signed to test a high turkey-offal diet
with an elevated level of the special
OSU 52 cereal. Performance was quite
similar to that of group 8A containing
the lower cereal level except that fur
quality was somewhat improved, and
wet belly incidence was reduced. These
improvements resulted in increased pelt
value estimates for both males and fe-
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males ; however, the values remained
significantly lower than the controls
by reason of the underfur color defi-
ciency. Ration cost for group 8B was
down to 85% of the controls, suggest-
ing that when a satisfactory method of
controlling the "turkey waste syn-
drome" is found, this diet may be an
economically satisfactory one.
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High Dry

Test Group 9A

Objective: To test a ration composed
of 80% dry ingredients (meals, etc.)
and formulated to approximate the nu-
tritional specifications of the control
ration.

Ration Composition cA
(As Fed)

Methods: 25 standard dark mink
(13 males and 12 females) were fed
this ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Tripe
7

Liver 3 •0

Chicken Offal
without
feet
10°4 Lard

10 %

OSU 53

70 %

Liver
1.0%

/1.
Chicken
Offal

without
Feet
3.8 %

Proximate Analysis
As
Fed

Dry Matter 	 41.2%
Crude Protein 	 17.2
Crude Fat 	 8.7
Crude Fiber 	 0.8
Ash 	 3.9
Nitrogen Free Extract.. 10.6

Cereal Mix OSU 53
Dry (Composition as Fed)

Basis

	

100.0%	 Wheat Germ 	  5

	

41.8	 Alfalfa Meal 	  2

	

21.1	 Skim Milk Powder 	  5

	

1.9	 Soybean Oil Meal 	  10

	

9.4	 Ground Oat Groats 	  20

	

25.8	 Herring Meal 	  40
Meat Meal 	  15
Brewer's Yeast 	  1
Beet Pulp 	  2
Guar Gum 	  0.7
Fortafeed 2-4-9-c 	  0.09
Terramycin (TM-10) 	  0.05
Methionine 	  0.01
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Results:

Production Data
Males Females

Final weight (gm.) 	 1808 1024
Weight gain (gm.) 	 719 260
Animal length (cm.) 	 45.3 38.0
Fur color* 	 192 200
Fur quality* 	 192 170
Weight of dried skin (gm.) 109 58
Length of dried skin (cm.) 68.6 56.4
Wet belly incidence (%) 83.3 10.0
Estimated pelt value ($) 17.98 11.55
Ration cost per mink

(% of control) 	 	 77

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

Conclusions: Experience with high
cereal grain diets in 1961 and with
high dry-matter diets in 1960 has sug-
gested advantages to be gained in
terms of ration economy by use of
such materials. Group 9A therefore
tests the use of a diet containing 80%
dry materials and adjusted to 20% fat
(dry basis) by addition of lard. Ra-
tion cost per animal was considerably
reduced to 77% of the standard con-
trol. Animal performance was reason-
ably good. In weight, both males and

females closely resembled the controls,
and in length the males in this group
were significantly improved over the
control group. Wet belly incidence was
very high in the males and this may
have some significance in relation to
the added fat content of the diet. It
should be noted, however, that total
ration fat content was lower than in
ration 8A, while wet belly incidence
was higher. Largely as a result of the
wet bellies, estimated pelt values were
depressed in the males.

45



Sole
Rockfish11.8 %
21.8 %

Tripe
8.7 %

Turbot

21 %

OSU 46 A

25.2 %

Horsemeot

9.2 %

High Dry

Test Group 9B

Objective: To test performance on a
completely dehydrated ration. This ex-
periment involved the standard control
diet (see Group 1A) dried by an azeo-
tropic process and rehydrated just
prior to feeding.

Ration Composition %
(As Fed)

Methods: 25 standard dark mink
(12 males and 13 females) were fed
this ration from July 26 to pelting.

Ration Composition %
(Dry Basis)

Proximate Analysis
As
Fed

Dry
Basis

Dry Matter 	 45.5% 100.0%
Crude Protein 	 21.9 48.2
Crude Fat 	 8.9 19.4
Crude Fiber 	 1.0 2.3
Ash 	 5.3 11.6
Nitrogen Free Extract.. 8.4 18.5

Cereal Mix OSU 46A
(Composition 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
Fortafeed 2-4-9-c 	 0.4
Terramycin (TM-10) 	 0.25
Methionine 	 0.05
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Results:
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Production Data
Males Females

Final weight (gm.) 	  1739	 1052
Weight gain (gm.) 	  647	 337
Animal length (cm.) 	  45.1	 38.4
Fur color* 	  309	 210
Fur quality* 	  200	 200
Weight of dried skin (gm 	 ) 107	 58
Length of dried skin (cm.) 	 68.8	 55.7
Wet belly incidence (%)	 63.6	 10.0
Estimated pelt value ($) 	 13.82	 10.81
Ration cost—	 Not available

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

Conclusions: One method of ap-
proaching dry ration investigation is
to take a standard, adequate mink diet
and dry it to a powder—rehydrating
before feeding. Through the courtesy
of the VioBin Corporation the original.
standard diet (as fed group 1A) was
dried and its fat content extracted. The
two portions were mixed together in
original proportions and water and
small amounts of beet pulp and gum
guar added as binders before feeding.
Although female performance was
fairly satisfactory growth-wise, male

gains were significantly less than the
control. Fur color and quality was sig-
nificantly poorer in the males, less so
in the females. Wet belly incidence was
high in the males. Five "cotton" ani-
mals appeared in this group, and on
pelting many carcasses showed evidence
of yellow fat. The latter observation in-
dicates that in addition to dehydration,
a second variable, fat rancidity, was
imposed upon these mink making it im-
possible to assess the effects of feeding
a completely dry ration.
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Research With Fur Abnormalities
Cotton-Fur Abnormality

It has been a common observation,
both commercially and at the Oregon
Agricultural Experiment Station Ex-
perimental Fur Farm, that cotton mink
can occur on rations other than those
containing known causative fishes such
as hake and whiting. In 1960, no cot-
ton mink were produced when mink
were fed rations imposing various
types of nutritional stress, such as
restricted energy, low vitamin fortifi-
cation, or rancid fat. The most notice-
able effect of these stress-type rations
was interference with normal growth.
In 1958, however, four cotton mink
were produced on a ration containing
25% tuna scrap, rancid to the point of
causing death loss by yellow fat dis-
ease. Resulting cotton mink showed
typical characteristics (achromotrichia
of the underfur, failure of normal
growth and anemia) of cotton mink
produced on hake rations.

A similar experience occurred this
year. Ration 9B, originally designed to
test mink performance on a completely
dehydrated feed, provided an unin-
tended rancid feed resulting in produc-
tion of five cotton mink in addition to
yellow fat disease in most animals.
Blood values of these cottons showed
presence of varying degrees of anemia,
which was corrected by an injection of
iron dextran. This suggests the possi-
bility of an iron deficiency precipitated
as a result of poor fat quality. In an-
other case, hemoglobin level of a cot-
ton mink which occurred on a normal
control ration (1C) was raised from
9.8 to 17.1 grams percent by injection
of 1 cc. of iron dextran containing 50
mg. of iron. This mink was from a
family previously recognized as sus-
ceptible to cotton fur. This evidence,

while not conclusive, supports the view
that cotton mink may arise from sev-
eral seemingly unrelated causes which
actually may act as a common point to
produce similar results.

Hake and whiting-containing rations
have been shown to induce iron defi-
ciency in mink consuming them, thus
causing cotton fur. This abnormal con-
dition can be prevented by iron injec-
tion or by heat treatment of the re-
sponsible fish ; iron salts fed are not
effective in prevention. The inference
from these observations is that hake
contains a factor, destroyed by heat-
ing, which makes dietary iron physio-
logically unavailable.

To obtain information on the man-
ner in which this inhibitory factor
acts to make iron unavailable, trials
were established to analyze excretory
patterns of iron in mink fed either
normal or raw-hake-containing rations.
Values from a preliminary trial involv-
ing six mink (three each on a normal
and cotton-causing ration) indicate
that cotton animals are excreting about
50% more urinary iron and 20% less
fecal iron than normal mink. One in-
terpretation of these limited data might
be that intestinal absorption of iron is
not the inhibitory mechanism, but
rather there is some interference with
retention or utilization of iron.

A second trial involving excretory
iron patterns of 8 animals over a 3-
day period substantiated results of the
first trial. Data indicate that urinary
iron excretion is greater in hake-fed
mink than in normal mink. On an av-
erage these mink are excreting 62%
more iron via the kidneys than are nor-
mal mink. Concentration of iron in the
urine is likewise greater (overall 78%
more iron per unit of urine). These
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data show that there is a difference in
the kidneys' ability to excrete iron in
these two groups of mink. If iron is
bound. to a hake protein the combina-
tion product may be more filterable
than the normal plasma iron com-
pound, transferrin. Further, plasma
iron levels may be higher in hake-fed
mink resulting in a greater differential
and more iron excretion. These points
require further study.

The daily fecal iron excretion is
47% less for mink fed the cotton-
causing rations. About half of this
amount results from the smaller vol-
ume of fecal material excreted (23%

less weight for the hake-fed mink) ;
however, the remainder of the defici-
ency results from a lowered fecal-iron
concentration. There could be several
explanations for a decreased iron con-
centration in the feces of this group.
One possibility is that more of the iron
in the feed is being absorbed by the
animals. This is inconsistent with the
thinking that the primary difficulty in
this anomalous condition is an inter-
ference with iron absorption. How-
ever, it is conceivable that the site of
interference occurs after iron is taken
into the circulatory system. This ex-
planation is supported to some degree
by the observed increase in iron ex-
cretion from the kidneys of cotton
mink.

A more plausible explanation which
has certain supporting data is that the
higher concentration of iron in the
feces of normal animals is a result of a
more efficient utilization of the in-
gested food and lessened excretory
volume. Average food consumption for
hake-fed mink was 170 grams ; for nor-
mal mink 369 grams. The fecal matter
excreted represents 50% of the in-
gested food for the former group and
30% for the latter group, demonstrat-

ing a more efficient digestion for nor-
mal mink. This increased efficiency
would serve to concentrate fecal iron
for normal as compared to cotton
mink. In order to precisely establish
this point, extremely accurate records
of iron ingestion are necessary which
is not an easy task with mink. Studies
are currently being conducted to eluci-
date the points in question, including
more precise investigation of iron ab-
sorption, and determination of plasma
and liver iron levels. Knowing these
values will help greatly in determining
where the interference lies.

Red-Hip

To determine which factors are re-
sponsible for the red-hip fur abnor-
mality in mink, a nucleus herd of 19

(6 males and 13 females) pastel
breeder mink were obtained prior to
the 1961 breeding season. These ani-
mals represented two strains of normal
pastels and a third strain in which the
animals were either actively showing
red-hip or had previously produced
red-hip kits.

From matings made with intent to
maintain and concentrate blood lines of
these strains, 40 kits were produced.
No kits resulted from matings of two
red-hip females to a red-hip male;
however, 4 carrier females had 23 kits
sired by a red-hip male. If this charac-
teristic is genetically influenced these
kits can be considered as carriers of
red-hip susceptibility. Four normal fe-
males produced 17 kits by normal
males. All kits were placed on a similar
ration (control ration 1B) July 26 and
remained on this feed until they were
pelted in early December. There was
no evidence of the red-hip abnormality
occurring in either red-hip carrier or
normal animals at any time during the
experimental period.
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Earlier experiments here showed im-
portance of genetic factors in the con-
dition and this view is strengthened by
the widely observed higher susceptibil-
ity of pastel mink as compared with
other mink types. Nevertheless the
view has been expressed that environ-
mental influence—ration composition
and management, for example—is of
even greater importance. Analysis of
data obtained previously indicates that
red-hip mink are not so likely to occur
on rations providing physiological
stress sufficient to depress growth,
whereas adequate rations are more con-
ducive to red-hip formation.

Turkey Waste

The "turkey waste syndrome" was
first observed at the Oregon State Ex-
perimental Fur Farm in 1959 in dark
mink fed rations containing 70% of
turkey offal. A very high percentage of
these mink exhibited a greying of the
underfur, which was distinct from cot-
ton fur in that pigment depletion was
not so severe and quite often restricted
to a peripheral band. Associated physi-
ological abnormalities such as reduced
body size and anemia were not de-
tected. 1960 trials verified the produc-
tion of abnormal fur coloration on ra-
tions high in turkey offal and specific-
ally implicated the feet as causative,
since rations containing 50% of tur-
key waste without feet produced nor-
mally colored mink whereas those con-
taining 50% of turkey with feet and
shanks produced 88% abnormally pig-
mented mink.

Since removal of the causative fac-
tor was coincident with removal of a
portion of the product (the feet and
shanks), it was speculated that causa-
tion was a matter of dietary interfer-
ence or imbalance and not one of defi-
ciency. Quite often interfering agents
are inactivated by heating (for exam-

ple, iron-interfering (CF) factor pres-
ent in Pacific hake and thiaminase of
certain fishes which destroys vitamin
BO. In testing the possibility of a heat-
labile factor, 10 dark mink were fed
a ration containing 70% of turkey with
feet which had previously been heated
to 200 degrees F. Interestingly, not one
of these animals developed an abnor-
mal fur color as opposed to a control
group fed 70% of the same product,
uncooked, which resulted in all abnor-
mally colored mink. This experiment
supports the view of the presence of
an agent in turkey waste which acts to
interfere very specifically with pig-
ment production. It also demon-
strates that cooking offers a practical
solution to the problem for the mink
farmer who desires to feed turkey
waste at these high levels.

Evidence in 1960 trials that turkey
feet were primarily responsible for the
condition has not been substantiated by
data obtained this year, as 47 mink fed
rations containing 70% of turkey
waste without feet showed greying of
underfur. It would now appear that the
factor is present throughout the turkey
product but probably more concen-
trated in the feet and shank portion.

The effect of feeding mink high per-
centages of other types of poultry offal
on fur coloration was not known;
therefore, a group of 10 experimental
mink was fed a ration containing 70%
of chicken offal including heads, vis-
cera, and feet. At the end of the ex-
perimental feeding period all mink in
this group were normally pigmented,
suggesting that turkey alone is respon-
sible for the decreased pigment pro-
duction. Continuation of this work
will involve determination of the na-
ture of the interference, i.e, nutrients
which are involved, etc., and determin-
ation of levels which can be fed safely.
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