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Preface

This report is one of a series issued under the direction of the Committee on Animal Nutrition (CAN), of the Board on
Agriculture and Renewable Resources, National Research Council. It was prepared by the CAN Subcommittee on Furbearer
Nutrition and is the second revised edition. The subject was first addressed in Publication 296, Nutrient Requirements of
Foxes and Minks, published in 1953, and the first revised edition was published in 1968 as Nutrient Requirements of Mink
and Foxes.

The earlier reports were the first attempts to develop nutrient requirements for mink and foxes. In this report, additional
data are included for the formulation of diets using alternative feedstuffs to the traditional diets of fresh meat and fish as these
become increasingly scarce and expensive.
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Introduction

Fur-bearing species are the most recently domesticated group of animals; moreover, their domestication has been
accomplished over a relatively short period of time. Since mink and foxes are by nature carnivorous, their feeding has
involved different types of ingredients and different storage and handling practices than those used with most other species of
farm animals. Also, the major marketable product in the fur industry is the pelt, the production of which involves certain
considerations that are different from those emphasized with those species that contribute mainly to the production of human
food.

Mink (Mustela vison) are predominant among the several species of animals that are raised for their fur. Although the
size of the fur industry has fluctuated widely in response to varying economic and social pressures, it has formed a small but
significant part of the American agricultural economy for several decades. There has been an increase in the number of
animals raised since 1977, following a brief decline. In 1979, the mink pelts produced in the United States totaled
approximately 3.4 million, with a gross "farm gate" value of about $140 million. In fact, mink pelts are a significant trade
item, worldwide, totaling 20 million with an approximate market value of $800 million in 1979. The mink industry has been
served by significant research programs in the United States, Canada, and several other countries, notably the Scandinavian
bloc, and data from these form a major data base for this publication. Numerous color phases of mink have been developed;
however, the nutritional requirements of these types have generally been considered to be similar and are so reported, unless
differentiation is specifically mentioned.

Foxes were raised commercially earlier than mink, but their ranch production in the United States has declined greatly
since about 1948. The most common species grown include the silver fox (Vulpes fulva) and the blue fox (Alopex lagopus).
There has been increased production of both silver and blue foxes recently in Europe. Information in this publication relates
to the silver fox unless the blue species is specifically named.

The efficient production of fur has some points in common with the production of other animal products. It is contingent
on the economical maintenance of breeding animals, reproduction resulting in birth of large litters, excellent lactation
performance, rapid growth of the young animals, and desirable qualities in the fur including density and often subtle
differences in color. The relationship between nutrition and the first four of these items is evident. Desirable qualities in the
fur result from careful selection and exploitation of mutant genes, but the extent of their development is largely dependent on
nutrition.

Data on the nutrient requirements of mink and foxes are obviously incomplete, and a continuing program of nutrition
research with these species is essential for the completion of a comprehensive information base. Much of the information that
is available relates to the growth period for young and pelter mink. More data are needed on reproduction and lactation
requirements. More precise figures are also required on feed intake by both mink and foxes; the practice of feeding these
species wet diets on the cage wire increases the difficulty of assessing actual intakes, as contrasted with feed disappearance.

Supplies of fresh meat and fish for use in fur-bearer diets are becoming both scarce and expensive. Two alternatives
exist: (1) greater dependence may be encouraged on wastes and by-products (scraps, trimmings, viscera, etc.), in which case
information should be assembled on their specific nutrient contents, and (2) research should continue on the formulation of
diets totally from dry ingredients.
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Determining Nutritional Requirements

The nutrient requirements listed in this publication are recommendations based on experimental evidence. Results of
studies on nutrient requirements are reported in the text in the units in which they were originally published. The tables on
nutrient requirements present the values on the basis of comparable digestibility, and energy levels. Methods of calculation or
estimation are shown in the appendix of each table. In general, the investigators who provided such evidence followed
standard procedures:

•   Conclusions were based on the performance of groups of animals.
•   Performance responses, such as gains in body weight or efficiency of feed conversion, were arrived at on the basis

of average values from such animal groups.
•   Deficiency signs, when used as criteria of nutrient inadequacy, relate to appearance of such signs in an experimental

group and complete absence of signs in groups receiving the specific nutrient considered.

The subcommittee believes that the values stated herein for the various nutrients will permit maintenance of normal
health and productivity in animals. It must be recognized, however, that adequate nutrition is dependent on other factors in
addition to the diet composition per se. While the values given have not been increased by any arbitrary "safety factors," fur
farmers or feed manufacturers catering to them may wish to increase the concentrations of nutrients to offset effects of stress
factors such as extremes of weather or incidences of certain diseases or parasitism. Such increases may be particularly
applicable in cases of nutrients that are known to be unstable and subject to deterioration in feed storage, processing, or
handling.

Recommendations on nutrient requirements are necessarily related to the size of individual animals and to their specific
production activities, e.g., reproduction, lactation, growth, furring. Unfortunately, base data on the nutrient needs for specific
physiological states are often lacking. In practice, although production activities throughout an animal unit may be reasonably
consistent, the sizes of individual animals may vary considerably. In particular, because of the great differences in size and
growth rates of males and females, specific requirements have been given separately for the two sexes.

Consequently, the data presented may need to be adjusted and should, therefore, be treated as guides to adequate
nutrition, rather than fixed standards to be rigidly followed.

Requirements are expressed on three bases: percentage of dietary dry matter (DM), or amount per kilogram (kg) of DM
fed (Tables 1 and 3), daily nutrient requirements per animal (Tables 2, 5, and 6), and amounts per 100 kilocalorie (kcal)
metabolizable energy. (ME) (Table 4). This last method of expression has been added because both mink and foxes are fed
varying amounts of fat, and this has a strong influence on energy. concentration of the total diet. When the energy
concentration is increased, other nutrient contents must be increased also, as the tendency will be for the animals to consume
lower quantities of the diet. This matter is discussed in the following section.

NATURE AND FUNCTION OF ENERGY: ITS CENTRAL ROLE IN NUTRITION

Energy. is not itself a nutrient but is, rather, a property. contributed to diets by the three macronutrients: fats (lipids),
carbohydrates, and proteins; it is measured as a physical property and expressed in either kilocalories (kcal) or kilojoules (kJ).
One kcal is equivalent of 4.184 kJ. Of these three energy. suppliers, the most concentrated source is fat, a unit weight of
which supplies more than twice as much energy as the same weight of carbohydrates or proteins.

The animal requires feed energy for body heat, for body biochemical reactions, for physical activity, and, as the life-
stage situation dictates, for one or more of the following: growth, fur production, reproduction, and lactation. In the absence
of adequate available energy supplies, the performance of the animals in these life phases will be suboptimal.

Thus, as in all other animal species, the role of feed energy is central to the metabolism and performance of mink and
foxes. Failure to recognize this vital fact in much of the earlier ex
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perimentation on nutritional requirements of mink very seriously limits the applicability of some of the data and the
confidence in the conclusions drawn from those studies. Responses to improved levels of various nutrients may be masked or
biased because of insufficient energy supplies in test diets. Unfortunately, the reports of numerous mink-feeding experiments,
especially those evaluating the use of practical feedstuffs, lack clear statements on the energy content of the diets involved.
Subsequent calculations of approximate energy content of such diets, where published information made this possible, have
suggested that many of the reported shortcomings in performance were due, at least in part, to inadequate dietary energy
concentration.

Similarly, many studies on requirements of protein or of micronutrients—or on responses to nonnutrient additives or
contaminants—have used diets either too low or entirely uncontrolled in energy content. Reported results from such
investigations may, thus, be unreliable or misleading.

Recognition of the central role of energy has led to the practice of expressing nutrient requirements and
recommendations on the basis of energy (i.e., nutrient-to-energy ratio). Insofar as practically possible, that principle will be
followed in this publication.

EXPRESSION OF ENERGY CONTENT OF DIETS AND ENERGY REQUIREMENTS

Several methods of stating energy content of fur animal diets and the energy needs of the animals have been used by
different investigators; this has posed difficulties for those wishing to interpret and compare statements and has caused
confusion in making practical application of the information.

Figures for energy values of feeds have been stated in three different ways: (1) gross energy (E), which is the total
combustible energy of feeds determined in a bomb calorimeter; (2) digestible energy (DE), which is that portion of the feed E
that does not appear in the feces; and (3) metabolizable energy (ME), which is that portion of the feed E that is utilized by the
animal for maintenance, production, and energy storage, as it is not lost in either feces or urine. ME, it is agreed, is the best of
these measures.

Whichever of the three measures is used, energy is most appropriately expressed as kilocalories per gram (or per 100 g,
or per kilogram) of dry matter in the feed.

Among the many forms used for stating requirements or recommended intakes of energy by the animals are the
following:

1.  in relationship to composition of the ration—kcal of E or DE or ME per stated weight (1 g or 100 g or 1 kg) of
diet dry matter.

2.  daily energy intake in relationship to body size of the animal—kcal of E or DE or ME per 100 g (or per
kilogram) of body weight.

3.  daily energy intake in relationship to metabolic body size (MBS) of the animal—kilocalories of E or DE or ME
per kilogram of metabolic body size.

Much scientific work has shown that the most suitable basis for expressing requirements of energy in an animal is the
metabolic body size (MBS) of the animal, rather than the actual body weight (BW). MBS, a concept of the metabolizing mass
of the body, is defined as body weight (in kilograms) raised or calculated to the 0.75 power or, as commonly expressed:
MBSkg = BWkg

0.75 (Kleiber, 1947). This basis of MBS is one that does not lend itself readily to practical applications, largely
because of the introduction of a concept and a calculation with which mink producers may not be familiar. In such situations,
actual body weight (BW) is a more familiar and comprehensible basis; consequently, practical recommendations may be
more usefully converted to and expressed on the BW basis, even though investigational results may have been expressed
originally on the basis of MBS. This practice has been followed in the present publication.

Despite the biological superiority of ME as a measure of energy, especially for research purposes, its practical use is
severely limited by the paucity of available data on ME values of common feedstuffs and diets for mink and foxes. (It should
be emphasized that published ME values of feedstuffs for omnivores such as poultry or swine are not valid for the naturally
carnivorous mink.) Many more data on E of feedstuffs are readily available, and additional data can be much more easily
determined. (E values are independent of species.) In view of the fact that ME values are not strictly additive, i.e., the ME
value of a mixed diet is not necessarily the sum of the ME values (even if available) for all the ingredients, it can be argued
that relatively little error will be introduced by multiplying E values for mixed diets by a factor representing a typical
experimentally determined ratio between the ME and the E values for such diets. E values are additive. Evans (1967b, 1976,
1977) has found, in numerous experiments, that ME values of conventional North American mink diets usually range from 72
to 85 percent of E values, the overall average being 77 percent. ME as a proportion of E was usually greater for high-than for
low-energy diets and for conventional diets than for diets with more vegetable protein. Chwalibog et al. (1979) in Denmark
found ME values to be 80 percent of E for diets of low and moderate protein content (18 percent and 34 percent, respectively,
of E), but this fell to 72 percent for diets in which 61 percent of the E was supplied as protein. There is obviously general
agreement between the Danish and North American (Canadian) values.

Considerably more data are available for DE of feedstuffs than for ME, but DE data are still much less available than E
data. DE values also are not completely additive and will vary with ration composition and quality, of ingredients. Literature
reports of digestibility of E of mixed rations ranges from approximately 65 to 88 percent, the lowest generally being for low-
energy rations high in vegetable sources and the highest for high-energy rations of high-quality conventional, predominantly
animal, ingredients. For purposes of estimating dietary E, the following E values for protein, fat, and carbohydrate of 5.7, 9.5,
and 4.0 kcal/g, respectively, may be used. Calculations for estimating DE and ME from these figures are presented in Tables
8 and 9.

The expressions of energy requirement in relation to animal weight are, of course, often much more useful for strict
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research purposes than are the expressions on the basis of feed composition but, again, for practical purposes the latter are
often more readily comprehensible and more useful. Thus energy. recommendations in this report are presented in both forms.

GROWTH BATES

Growth curves for mink (Figures 1 and 2) and for foxes (Figures 3 and 4) are presented as indicators of normal, expected
performance. The various color types of mink are not differentiated in these figures, as it is now assumed that they will grow
similarly if given adequate nutrition in satisfactory environments. Early growth is extremely rapid for the young mink and
constitutes a period of critical nutritional demand. This period is illustrated separately in Figure 2 to allow more detail than is
possible in a comprehensive growth curve. Separate growth data are presented for silver and blue foxes in Figures 3 and 4,
respectively.

Figure 1 Standard dark mink growth curve. Source: N. Wehr, J. E. Oldfield. and J. Adair, Oregon State University,
Corvallis.

Figure 2 Standard dark mink early growth curve. Source: N. Wehr, J. E. Oldfield, and J. Adair, Oregon State
University, Corvallis.

Figure 3 Silver fox growth curve. Source: H. Rimeslåtten, Agricultural College of Norway, Vollebekk.

Figure 4 Blue fox growth curve. Source: H. Rimeslåtten, Agricultural College of Norway, Vollebekk.

INTRODUCTION 4

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Nutrient Requirements of Mink and Foxes, Second Revised Edition, 1982
http://www.nap.edu/catalog/1114.html

http://www.nap.edu/catalog/1114.html


Formulating Diets or Feed Mixtures

Diets adequate for mink and foxes should supply sufficient nutrients in the correct proportions to meet the physiological
requirements of maintenance, or maintenance plus other biological functions such as reproduction, lactation, growth, and fur
production. The range of nutrient levels that can be used to provide satisfactory production is quite wide and permits some
flexibility of feeding practice by the fur farmer. If ingredients are cheap and abundant, diets may be fed that provide nutrients
in excess of those actually required, and such practice may be beneficial in terms of increased productivity. At times,
however, it may be economically advisable to feed fur animals to grow at submaximal rates. Similar advantage has been
demonstrated in studies of the protein requirement of foxes (Harris et al., 1951a; Rimeslåtten, 1976). Foxes fed a fresh meat
diet gained faster than those fed meatmeal, but there was no difference in the ultimate size of the animals or in the size or
quality of the pelts (Bassett, 1951).

The values of certain feed ingredients for mink are improved by cooking. In some cases, as with cereal grains, cooking
improves digestibility of the carbohydrates. In others, such as fish known to contain the enzyme thiaminase or eggs that
contain avidin (see sections on Biotin and Thiamin, pp. 13 and 15), adequate cooking overcomes the effects of substances
that interfere with normal metabolic availability, or action of essential nutrients. In some cases, steam treatment or popping or
flaking processes applied to cereal grains involve sufficient heat to produce a higher digestibility coefficient.

A number of ingredients such as liver, yeast, skim milk, whey, distillers dried solubles, fish solubles, and fish meal are
useful as specific nutrient sources. The use of appropriate combinations of such feeds may reduce or eliminate the need for
further supplementation with trace mineral and vitamin preparations.

Conventionally, diet ingredients fed mink and foxes contain varying amounts of moisture, and, because of such
variation, it is desirable to calculate diets on a ''dry matter'' (moisture-free) basis and then convert the amounts to an "as fed"
basis or relate the nutrient values to energy content. This may be done by use of the formulas given in Tables 7, 8 and 9.
Some sample formulas are given for mink diets in Table 10 and for fox diets in Table 11.

Diets or feed mixtures may be calculated by using the data for nutrient requirements presented in Tables 1 to 6 and the
data for composition of feeds given in Table 12. It must be remembered that these have been calculated as average data from
varying numbers of samples analyzed. Under some conditions where variation from normal or expected values might occur,
it would be advisable to have specific analyses conducted on a feed ingredient.

Alternatives exist in the types of feed ingredients that may be used for mink and foxes. Conventional diets contain both
fresh and dried materials, but interest has been shown in, and research devoted to, the formulation of diets from dried
ingredients only. These can be mixed with water, or fed dry as pellets. To date the use of dry diets has not been widely
applied in practice.

FEED SANITATION

Feeding practices are important considerations for optimal growth and performance of mink and foxes. Feed should be
kept as fresh and wholesome as possible. In the Scandinavian countries where mink feed is prepared in large central
"kitchens," the quality of the feed ingredients, as well as the finished feed, is closely monitored according to standards
described by Poulsen (1978).

Fresh (wet) feed ingredients require rapid freezing to assure good quality. Freezing fresh products in thin (3"-4") blocks
reduces bacterial growth, as the products can be thoroughly frozen and thawed rapidly. A minimum storage time is desirable
for all feedstuffs, as prolonged or improper storage may result in oxidative rancidity, vitamin destruction, and loss of taste
appeal. The use of feed or feed ingredients of questionable quality is inadvisable. When animals are fed conventional (wet)
diets, any unconsumed feed from the previous feeding should be removed before additional feed is provided. Dietary
alterations should be initiated gradually, as sudden
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drastic changes in the diet may cause the animals to go "off feed."

WATER QUALITY

Clean fresh water should be available at all times. In addition to avoiding microbial contamination and excessive
ammonia, nitrite, and nitrate levels, the fur farmer should seek a water source that does not contain excessive quantities of
such minerals as lead, arsenic, cadmium, etc., which might interfere with essential mineral balances or general animal health.
Availability of water to animals can constitute a problem in extended periods of freezing temperatures. Use of granular or
chipped ice or snow may be helpful in such situations.
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Mink: Recommended Dietary Allowances

ENERGY

Maintenance

Hodson and Smith (1945) found that mink require 273 kcal of gross energy, per kilogram of body weight daily for
maintenance. More recently, Perel'dik et al. (1972) have listed calculated daily maintenance requirements on a monthly basis,
with allowances for variations in environmental temperatures and in body weights. These latter values, ranging from 191 kcal
ME per animal (nonpregnant female) in April-May to 237 kcal ME per animal in March to 334 kcal ME per animal in
October, agree quite closely with practical observations of Rimeslåtten in Norway (1964).

Farrell and Wood (1968) reported that female pastel mink used from 202 to 258 kcal of DE (estimated as 182-232 kcal
of ME) per kilogram per day for maintenance in the months September to November (in a location of moderate climate). The
range resulted from different activity, levels attendant upon housing in very small or conventional farm cages. Perel'dik et al.
(1972) have summarized daily maintenance requirements as 200 kcal of ME per kilogram of body weight throughout the year.

More recently, on the basis of regression analysis of the energy gain: energy intake response in growing male mink,
Harper et al. (1978) have reported the daily ME requirement for maintenance as 147.8 ± 6.06 kcal/kg MBS. From this they
have calculated the daily requirement for E as 203 kcal/kg MBS. (In their work, Harper et al. (1978) used BWkg

0.73 — rather
than BWkg

0.75 —for the calculation of MBS). These authors also recalculated the data of Hodson and Smith (1945), arriving at
the value of 260 kcal E/kg MBS/day.

Conversion of the value of Harper et al. (1978) to the actual body weight basis yields daily maintenance requirements
ranging from 176 kcal ME/kg BW for an animal of 500 g down to 124 kcal ME/kg BW for an animal weighing 2,000 g.

Chwalibog et al. (1979) also used regression analysis of the results of energy balance experiments to estimate the
maintenance requirements of adult male mink; they found a marked effect of environmental temperature and of dietary
protein level on the retention of energy by the animals. In the thermoneutral zone (20°C), the maintenance requirement was
found to be 126 kcal ME/kg MBS. (In addition to using MBS as a basis, these workers expressed energy as kilojoules;
conversions to kilocalories have been made for the present discussion.) For comparison with the values of Harper et al.
(1978), this maintenance requirement corresponds to values for mink ranging from 500 to 2,000 g BW of 150 to 106 kcal ME/
kg BW. The lower values of Chwalibog et al. may be related to the strict temperature control in their experiments or to the
use of older animals or to both. Glem-Hansen and Chwalibog (1980) found that the requirement for ME increased by 3.7 kcal/
MBS per degree Celsius per day.

In the light of the diverse experimental methods and circumstances involved in the various studies described above and
the ranges of results reported, the establishment of a firm recommendation for maintenance energy requirements is
impossible. However, giving extra weight to the results of the more recent careful studies, a daily intake of 140 kcal ME/kg
BW for the maintenance of mature mink is suggested as a tentative guideline.

Pregnancy

Limited experimental data are available on the requirements of energy by mink during pregnancy, largely as a
consequence of the obvious difficulties of conducting and assessing such studies. One common suggestion, on the basis of
limited North American studies (Travis and Schaible, 1961; Evans, 1964a), has been that adequate performance will be
achieved by providing diets of energy content comparable to that of diets used for optimal early growth of kits.
Recommendations on a more fundamental basis have been made by European investigators. Perel'dik et al. (1972), after
reviewing Scandinavian production records and recommendations, as well as the recommendations for other furbearing
species, suggested that the needs of the pregnant female mink will be met by increasing the maintenance energy, allowance
by 15 percent during the last month of pregnancy. Thus, a level of 230 kcal of ME per kilogram of body weight per day was
recommended by these authors. This level, being based on maintenance recommendations of Perel'dik et al. (1972), which
are much higher than
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those proposed in the preceding section, appears rather high. In the absence of any more fundamentally derived estimates,
however, there is no justification for proposing an intake of less than 200 kcal ME per kilogram of body weight during the
last month of pregnancy.

Lactation and Growth

The growth of kits during the first 3 weeks of life depends upon energy. supplied by the dam's milk, and, to a declining
extent, this demand continues until weaning. Consequently, the lactating female must receive additional energy for milk
production, the amount required increasing with the increasing demands of the developing kits for energy and nutrients.
Based on calculations from production data on Russian and Scandinavian farms, Perel'dik et al. (1972) have presented
recommendations for increased energy supplies to lactating females on the basis of the following scale of daily levels of ME
per kit during successive 10-day periods of the lactation: 5, 20, 50, 70-90, and 110-150 kcal. Multiple regression studies in
Denmark (N. Glem-Hansen, National Institute of Animal Science, Hilleroed, Denmark, personal communication, 1978) have
provided information on the additional requirements of the lactating female for ME, above the maintenance requirement, to
provide for weight increase in her kits. A mean value of 2.6 kcal ME per gram of kit weight increase was derived. Although
this mean value can serve as a guide, it should not be applied indiscriminately. In practice, the increments required will be
achieved by increased consumption of the high-energy diet by the female.

The weaned kit must obtain its entire energy supply from the growth diet; the requirements will increase rapidly with the
rapid growth, especially during the early weeks. The kit will be able to meet these requirements by increasing the
consumption of the diet, provided the energy content of the diet is high enough. Because of the rapidly changing kit weights,
requirements are more commonly expressed as averages per day rather than on the weight basis (per kilogram). Rimeslåtten
(1964) and, later, Perel'dik et al. (1972), working from data from numerous Scandinavian and Russian practical studies,
calculated average combined figures for male and female kits for each month of the growing period. These figures also in-
eluded an increase of 10 percent to cover practical environmental conditions and were as follows:

Early Period ME kcal/day Late Period* ME kcal/day
Late June 200 September 340
July 250 October 330
August 310 November 300

December 280

* Includes furring as well as growth.

These authors noted that the male required 33 percent more energy than the female. These different requirements will
usually be met by differential intakes of a single diet of adequate energy, concentration.

Practical recommendations for energy supplies for growing mink have most commonly been made in terms of energy.
per kilogram (or per 100 g or per gram) of diet.

Allen et al. (1964) reported that a minimum of 4.9 kcal of E or 3.7 kcal of apparent DE per gram of feed dry matter
(DM) would be required for optimal early growth of male mink kits and that 4.5 kcal of E per gram DM (3.4 kcal DE) would
suffice for female kits. Later recommendations from the same laboratory, based on further studies with larger genetic strains
(Evans, 1964a; Evans and Travis, 1967), repeated and confirmed over several years using different dietary ingredients and at
different locations, were 5.3 kcal E per gram DM of diet for males and 5.1 kcal E per gram DM of diet for females. This
recommendation for males was supported by Wood and Farrell (1965).

Using the previously cited average figure of 77 percent for converting E to ME values, the above E recommendations of
5,300 and 5,100 kcal become, respectively, 4,080 and 3,930 kcal ME per kilogram DM of diet, values adopted for use here.

Energy Density and Its Implications

The concept of energy density of diets is of both theoretical and practical importance. It deals with the concentration of
energy in the diet. A diet of high-energy density (often referred to simply as a "high-energy diet") provides more kilocalories
per gram than does a diet of low-energy density ("low-energy diet"). In the recommendations cited in the preceding section,
the diet of 4,080 kcal ME per kilogram is of greater energy density than the one of 3,930 kcal ME per kilogram. Diets used
experimentally and practically, however, have ranged from much higher to much lower energy densities than these. For
example, records from 45 Danish central feed-processing units during 1969 and 1970 showed variations in energy density
from 3,400 to 3,900 kcal ME per kilogram of DM (Nielsen, 1973). Similarly, Swedish practical mink diets have ranged from
3,500 to 4,500 kcal ME per kilogram of dry matter (E. Aldén, Department of Animal Husbandry, Agricultural College of
Sweden, personal communication, 1978).

It is of interest that some Scandinavian investigators are convinced that the optimal energy densities of diets vary
depending upon the DM contents of the diets as fed, as well as upon the nature of the diet ingredients. For instance, success
with the feeding of dry diet forms is believed to be contingent upon a relatively high energy density in the diets (G.
Joergensen, National Institute of Animal Science, Hilleroed, Denmark, personal communication, 1978).

Since the mink generally eats to satisfy energy. demands and will curtail intake when these demands are met, the density
of energy. in a diet will be a main factor governing feed intake, assuming that palatability is ensured. Thus, an animal will
require and will consume less of a high-energy density diet and more of one of low-energy density. It has been noted that
feed consumption varies inversely with energy. density over a considerable range of density values (Evans, 1963).
Calculations of energy. density. of diets in other experiments, in which published variable feed intakes were either not
accounted for or not commented on, strongly suggest that the energy. densities were probably important causative factors of
the differential intakes.
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This relationship between energy density and consumption of diets is the major argument in favor of the principle of
expressing nutrient recommendations on a basis that relates them to the energy recommendations.

It should be emphasized that factors such as palatability and digestibility of the feed and the feeding technique (i.e., ad
libitum or restricted feeding) will have marked effects on the level of feed consumption.

The capacity and the digestive capability of the gastrointestinal tract of the mink are limited, and it may be physically
impossible for an animal to consume sufficient amounts of a low-energy diet to satisfy energy demands; this will be
particularly true in periods of high-energy requirements such as lactation and early kit growth. It is also important that the
diets fed during these periods be of high palatability and digestibility. Conversely, too great a concentration of energy in the
diet may have adverse effects, primarily by reducing total diet intake and perhaps causing deficiencies of protein or other
essential nutrients. A considerable margin exists, however, in both directions. Within these limits, the decision as to whether
the energy density of the diet will be selected to coincide with the density, required to produce optimal growth or at levels
above or below this optimum may well depend upon the relative costs of feed ingredients.

FAT

Fat (lipid), as the most concentrated supplier of energy to diets, is the factor that plays the greatest role in varying the
energy density of those diets. Consequently, high-energy diets are, of necessity, diets that are relatively high in fat. The fat
may be supplied to varying degrees as a constituent of commonly used feed ingredients. Thus, most animal and fish products
and by-products are substantial, but variable, contributors to the fat content of the diet. On the other hand, many of the
ingredients of cereal or other products of plant origin are usually low in fat. In many instances the addition of rendered fats or
oils (tallow, lard, fish oils, vegetable oils, etc.) will be necessary to achieve desired energy levels in the diets; the need for and
the extent of this supplementation will depend upon both the other diet components and the life-stage of the animals to
receive the diet.

The need for adding fat to certain diets was reported by Belcher et al. (1958) for growing mink and by Friend and
Crampton (1961a) for reproduction.

The inclusion of certain high-fat ingredients (particularly certain fish products) or the addition of fat supplements to
mink diets was, for many years, considered undesirable based on reports of untoward effects; stimulation of yellow fat
disease or the causation of wet-belly disease were two major criticisms of these ingredients. There is clear evidence that
yellow fat resulted from the poor quality, i.e., the rancidity, of the fat in the ingredients. Care in the selection of these
ingredients and the correct use of antioxidants in the storage of ingredients and in preparation of the mixed diets can eliminate
this problem. The case concerning wet-belly is less clear, and contradictory reports have appeared, some suggesting possible
association of wet-belly with high fat levels (Leoschke, 1959a; Evans et al., 1961) and others reporting little or no problem
with certain strains of animals receiving high levels of fat in the diet (Stout et al., 1964, 1965; Evans, 1964b, 1967a).

Another problem once attributed to high fat intakes was poor color in dark pelts (Stout et al., 1963); however, later
reports (Stout et al., 1965) covering 1,500 mink indicated no direct causal relationship between diet fat level and fur color.

There is general agreement that the percent digestibility of most fats is quite high (with the exception of certain very
hard tallows) and that the separated fats may frequently be digested to a higher degree than those associated with certain
offals and other ingredients (Leoschke, 1959b; Åhman, 1959; Evans, 1967b; N. Glem-Hansen, National Institute of Animal
Science, Hilleroed, Denmark, personal communication, 1978). The digestibilities of the fat of most mixed diets will range
between 80 and 90 percent (rarely higher) with a mean of 85 percent or more. Comprehensive Danish investigation
(Joergensen and Glem-Hansen, 1973) showed that 85 percent of the variation in the digestibility of fats by mink is due to the
content of stearic acid (the saturated 18-carbon fatty acid). These workers presented a formula by which the digestibility of a
fat can be calculated if the content of stearic acid is known.

The levels of fat reported to have been used satisfactorily in mink diets range up to 35 or 40 percent of DM. The total
dietary fat required to achieve, for example, an E content of 5.3 kcal of E per gram of DM of diet will usually be
approximately 25 percent of the DM, the level required for optimal metabolic performance and utilization, depending, of
course, on the digestibility of the particular fat.

Perel'dik et al. (1972) and Leoschke (1980) have made recommendations on two bases—as grams of digestible fat per
day per kilogram body weight or as percent of the total ME. Leoschke's recommendations on the latter basis are for fat to
supply the following percentages of the total ME of the diet: for growth 44-53 percent, for fur development (including late
growth) 42-47 percent, for pregnancy 34-37 percent, and for lactation 47-50 percent.

In addition to its contributions of energy, dietary fat must also provide the required amounts of essential fatty acids,
notably linoleic acid. Unfortunately, only limited data on these requirements are available. From a review of published
reports Perel'dik et al. (1972) concluded that the minimum supply of essential fatty acids necessary to maintain healthy adult
animals was 0.5 percent of the diet DM; for pregnant and lactating females and young growing mink 1.5 percent of the diet
DM was recommended. (If one assumes a typical diet providing 4,000 kcal ME/kg DM, this latter recommendation involves
60 kcal ME, or 1.5 percent of total ME, from linoleic acid.) More recently, N. Glem-Hansen (National Institute of Animal
Science, Hilleroed, Denmark, personal communication, 1978), in investigations of the requirement of the lactating female as
judged by growth of the nursing kits, found a higher requirement of linoleic acid—5 percent of the ME in the diet—for
optimal kit growth from birth to weaning.

CARBOHYDRATES

No critical studies have been made on the carbohydrate requirements of mink; indeed, there have been no indications
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that there is an actual requirement. The primary (and perhaps the sole) function of carbohydrates in mink diets is, as in diets
of other species, to supply energy; there are no reports of other special functions for any particular forms of carbohydrate.

Widely different levels of carbohydrates have been used in mink diets, the higher levels usually occurring in
experimental diets. For example, Tove et al. (1949) fed a purified diet containing 60 percent sucrose. In most practical diets
and in many experimental diets the carbohydrate content often exists largely as a filler to provide the remainder of the energy
after certain specific protein and fat levels have been selected. Thus, the levels of carbohydrate in such diets vary inversely
with the levels of protein and energy. Recommendations for satisfactory levels in diets for various life stages reflect this fact.

Perel'dik et al. (1972), citing the Scandinavian work of Rimeslåtten (1959a), Åhman (1961), and Joergensen (1967),
recommended that carbohydrates supply not less than 10 percent and not more than 30 percent of ME; the best results will be
obtained, it was suggested, when 15 to 25 percent of the ME is supplied by carbohydrates. Leoschke's recommendations
(1980) cover the same general span, but they specify the following ranges, as percent of ME: for growth and for fur
development, 15-30; for pregnancy and lactation, 10-20.

Starch is the major carbohydrate of ingredients used in mink diets; in most of these sources the digestibility (and hence
the ME contribution) of the starch can be significantly increased by cooking, "popping," or similar heat treatment (Åhman,
1959; Evans, 1964c; Leoschke, 1965; Glem-Hansen and Joergensen, 1978). Glem-Hansen et al. (1977), working in Denmark,
have shown that a reasonably accurate estimate of the digestibility of a carbohydrate by mink can be made by a calculation
based on the results of analyses of the content of α-linked glucose in the feed sample before and after autoclaving.

PROTEIN

Animals do not require protein of itself, but actually require the individual amino acids present in the feedstuff protein. It
follows, then, that the designation of specific protein requirements for the mink is difficult. The animal's protein requirement
will be related to the protein quality in a given feedstuff.

Amino acid balance and amino acid availability. are the two primary factors providing the bases for defining a protein
feedstuff as high or low quality. Meat is illustrative of a high-quality protein feedstuff, as it possesses a protein content that
(1) is highly digestible by animals and (2) contains an amino acid pattern similar to the actual amino acid requirements of the
animal. Chicken feet are illustrative of a low-quality protein feedstuff, because (1) the protein is relatively indigestible (only
52 percent digestibility rating for mink [Leoschke, 1959b]) and (2) the amino acid balance is inconsistent with the actual
amino acid needs of the mink as a consequence of relatively low levels of certain amino acids such as tryptophan.

Carefully processed fish meal products have good digestibility ratings for mink and a good amino acid pattern.
However, overheated fish meal products are unable to provide the mink with a pattern of digestible amino acids consistent
with the actual needs of the animal. Excessive heating of fish products in the dehydration procedures can result in the
destruction of the amino acid lysine and the bonding of the amino acid arginine in an indigestible form (Allison, 1949).
Tryptophan and the sulfur amino acids, cystine and methionine, are especially sensitive to destruction during the dehydration
of protein feedstuffs (Varnish and Carpenter, 1975).

The protein quality of a feedstuff is related to the amino acid pattern and availability of the amino acids present in the
proteins to the digestive process of the animal. It is apparent that protein quality is of major importance in the assessment of
the protein requirements of the mink inasmuch as the mink have (1) a limited digestive capability, due to a relatively short
time of feed passage (average passage time 142 minutes) (Sib-bald et al., 1962) and (2) an extra requirement for arginine and
the sulfur amino acids during the critical fur-development months (Leoschke and Elvehjem, 1959a; Glem-Hansen, 1980a,b,c).

Protein quality and dietary energy. density, account, in part, for the great variation in experimental data on the protein
requirements of the mink. Feed intake of the mink is primarily determined by the taste appeal and caloric density of the diet.
Considering the critical role of dietary energy. density in the determination of mink feed intake, it is logical to relate the
protein requirements of the mink to the energy content of the diet rather than to list them simply as a percentage of protein in
the diet.

Lower levels of protein than those indicated in Table 1 may yield quite satisfactory performance if the protein quality is
superior and the fat: carbohydrate ratio is kept high. This has been shown repeatedly when feeding complete dry diets. On the
other hand, when the diet contains largely poor-quality sources of protein, it may be advisable to increase the minimum
recommendation with a safety margin.

It is important to emphasize the fact that the data presented in the tables represent the minimum protein requirement of
mink during different phases of the life cycle. Producers may wish to use higher protein levels to provide a margin of safety.

Producers are advised to be aware of problems likely to be associated with borderline protein nutrition, including
retarded growth, suboptimal fur development, and poor reproduction-lactation performance of the mink.

Gestation

Experimental data from mink fed diets that contained 40, 45, and 50 percent digestible protein indicated no significant
difference in reproductive performance (Petersen, 1957a). Norwegian studies cited by Glem-Hansen (1974) have shown that
diets varying from 29 to 64 percent of the ME from digestible protein (for calculations see Table 9) did not significantly
influence the reproductive performance of the mink. Studies covering a slightly wider range of protein content (Glem-
Hansen, 1974) have shown a tendency toward suboptimal reproductive performance with dietary protein levels both very
high (70 percent of ME from digestible protein) and very low.
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(25 percent of ME from digestible protein). Results of the Scandinavian investigations indicate a minimum protein
requirement of 35 percent of the ME from digestible protein during the critical gestation period.

Lactation

Investigations by Åhman (1967) and Joergensen and Glem-Hansen (1970, 1972) have shown that calories from
digestible protein during lactation should be higher than 40 percent of the total ME in the diet. Glem-Hansen (1979) studied
the lactation performance of females and early growth of mink kits in the period from birth to 42 days of age. Prior to
whelping, all experimental females received the identical farm feed. The investigation involved protein levels ranging from
21 to 54 percent of the ME from protein. The growth performance of the mink kits receiving 42 percent ME from digestible
protein was superior to that of kits on the 34 percent level and lower levels of protein.

Early Growth (9-13 Weeks)

The protein requirement of mink during the growth period from about 9 to 28 weeks of age has been studied by a
number of investigators including Sinclair et al. (1962), Allen et al. (1964), Adair et al . (1966), Joergensen and Glem-
Hansen (1970, 1972), and Skrede (1975, 1978). These experiments indicate that the protein requirement for this period is
about 35-45 percent of ME from digestible protein depending on quality. Experiments in which the growth season was
divided into periods showed that the protein requirement from birth to 16 weeks of age is higher than during the period from
16 to 28 weeks of age (Joergensen and Glem-Hansen, 1970, 1972). Studies by Glem-Hansen (1980a) indicate that the
digestible protein requirement during the period of early growth from 9 to 13 weeks of age is approximately 35-40 percent of
the ME.

It is important to note that the protein recommendations made in the preceding paragraphs apply to male kits. A number
of studies indicate that the actual protein requirement for female kits will be considerably lower. In studies conducted by
Glem-Hansen (1980b), a level of 42 percent ME from digestible protein was required for optimal growth of male kits during
the period from birth to 42 days of age. However, these same investigations indicate that a level of 34 percent ME from
digestible protein will provide optimal weight gains for female kits during the period from birth to 6 weeks. Growth studies
by Leoschke (Valparaiso University, personal communication, 1978) with mink kits 7 to 10 weeks old indicated significantly
lower protein requirements for female kits relative to male kits.

Late Growth (13-30 Weeks)

Howell and Gunn (1955) considered 32 percent crude protein to be sufficient for maximum growth of mink, while Stout
et al. (1963) found that a level of 25 percent crude protein during the growth period was necessary for maximum growth of
body and fur. The protein requirement of mink during the late growth period has been studied by a number of other
investigators including Sinclair et al. (1962), Allen et al. (1964), Adair et al. (1966), Joergensen and Glem-Hansen (1970,
1972), Skrede (1975, 1978), and Glem-Hansen (1980b). These studies indicate that the digestible protein requirement for the
late growth period is approximately 30 percent of the ME.

Fur Development (16-30 Weeks)

Studies by Glem-Hansen (1980b) indicate that, although a protein level of 24 percent of ME from digestible protein is
satisfactory for maximum growth of the mink in the period from 16 to 30 weeks, this protein level does not necessarily ensure
maximal fur development. Glem-Hansen recommends a diet containing 30-35 percent of ME from digestible protein during
the critical fur development phase.

Amino Acid Supplementation

A number of studies have been conducted on the value of supplementing practical ranch diets with specific amino acids.
Some of the earliest studies on amino acid supplementation of mink diets were conducted at Oregon State University (Watt,
1952). These studies indicated that supplementation of high-fish diets with 0.05 percent methionine (dry basis) improved the
growth and fur quality of the mink. Studies at the University of Utrecht by Hoogerbrugge (1968) showed the value of lysine
and methionine supplementation of dry diet formulations. Dehydration procedures required for the production of fish meals
and poultry by-product meals may result in lysine destruction, hence the benefits of lysine supplementation for dry diet and
pellet formulations.

Heat Processing of Protein Feedstuffs

Heat processing of mink feedstuffs may increase or decrease the nutritional value of these products for mink. Cooking of
eggs is an absolute requirement for their use in practical mink rations. Heating of eggs for at least 5 minutes at 91°C (196°F)
denatures avidin, a protein that binds the vitamin biotin in an indigestible linkage. Heating of eggs also denatures egg proteins
that bind iron in a structure unavailable to the digestive processes of the mink (W. L. Leoschke, Valparaiso University,
personal communication, 1978). Heat processing of raw soybean oil meal is essential for the denaturation of a trypsin
inhibitor (trypsin is a protein-digesting enzyme). Conversely, heat processing of mink feedstuffs such as fish and poultry by-
products (heads, entrails, and feet) may actually lower their nutritional value. Studies have shown that certain 1 acids
including lysine and arginine are heat-labile (Allison, 1949). It is important to note that arginine is of critical importance for
the fur development of the mink (Leoschke and Elvehjem, 1959a).

FAT-SOLUBLE VITAMINS

Vitamin A (Retinol)

A growing mink needs between 100 and 400 international units (IU) of vitamin A per kilogram of body weight daily (1
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IU = 0.3 µg retinol). At the 100-IU level, the amount stored in the liver is slight; at the 400-IU level, the amount stored is
significantly larger (Abernathy, 1960). The amount suggested to meet the requirement is about 200 IU per kilogram of body
weight. Because a rapidly growing mink kit needs between 275 and 350 kcal of ME per kilogram of body weight per day, a
requirement of 200 IU per kilogram of body weight will be met by a diet providing 57 to 72 IU of vitamin A per 100 kcal of
ME.

Experiments conducted by Warner et al. (1963), in which plasma and liver vitamin A levels were measured after feeding
carotene or alfalfa meal, showed that mink are inefficient in converting carotene to vitamin A. This work demonstrates that
alfalfa meal and probably other plant sources of carotene are poorly utilized by mink. In the absence of evidence to the
contrary, the carotene content of the diet should be disregarded in supplying the vitamin A requirement for mink.

Signs of Deficiency Vitamin A deficiency has been produced and described for mink (Helgebostad, 1955; Stowe et al.,
1959; Abernathy, 1960). When a purified diet devoid of vitamin A is fed, animals fail to grow normally. They develop night
blindness and lack coordination, particularly in the rear quarters. Their eyes are affected, with the lenses becoming opaque
and the conjunctivas encrusted. Metaplasia of epithelial tissues and fatty infiltration of the liver occur. The skull does not
enlarge normally; as a result, the cerebellum is compressed and herniates into the foramen magnum. Damage to the
cerebellum results in muscular incoordination.

Signs of Excess Helgebostad (1955) investigated effects of high levels of vitamin A on kits and adults. Mink tolerated 40
IU of vitamin A per gram of body weight without disturbance over periods of 3 to 4 months. Fully grown animals could
tolerate from 200 to 300 IU per gram of body weight daily for from 6 to 8 weeks, but young animals were affected in a
shorter time. Signs of excess were anorexia, bone change with exostosis, decalcification and spontaneous fractures, losses of
fur, exophthalmia, and hyperesthesia of the skin.

Adair et al. (1977) and Travis (1977) conducted a cooperative study in which levels of 1,000 to 160,000 IU of vitamin A
per mink per day (approximately 1-160 IU per gram of body weight per day) were fed during the reproductive cycle starting
in January. Reproduction was normal (4.7-4.9 kits per female on experiment) in the mink receiving from 1,000 to 10,000 IU
per mink per day, slightly reduced (3.6-3.7 kits per female on experiment) in the mink receiving from 20,000 to 40,000, and
severely reduced (0.86 kits per female on experiment) in the mink receiving 160,000 IU of vitamin A per mink per day.
Reduction in performance in the latter group was due to failure of females to whelp, to smaller litter size, and poorer kit
survival.

Friend and Crampton (1961b) observed that reproductive performance in mink was reduced when whale liver in breeder
diets was increased from 5 to 10 percent. They postulated a hypervitaminosis A toxicity. Assuming that these mink consumed
15 g per day of whale liver, containing 4,400 IU of vitamin A per gram, they would have received 66,000 IU of vitamin A per
day from the whale liver alone.

Vitamin D

Bassett et al. (1951) suggested that a diet of natural feedstuffs without a vitamin D supplement is probably adequate for
growing mink exposed to sunlight. A daily supplement of 200 IU of vitamin D per kg of body weight does not prevent
rachitic changes when calcium or phosphorus is deficient nor does it improve physiological responses on adequate mineral
levels. Danish experiments with 10, 25, and 40 IU vitamin D per gram of dry matter per day from July to pelting did not
show any significant differences in pelt characteristics (Hilleman, 1978).

Signs of Deficiency Mink, when they are fed a diet that is low in vitamin D with an abnormally low calcium-to-
phosphorus ratio, develop rickets (Smith and Barnes, 1941; Bassett et al., 1951). Also, when the diet is deficient in calcium or
phosphorus, bone development is abnormal.

Signs of Excess Large doses of vitamin D over a period of time can produce a toxic effect, particularly when the diets are
high in calcium. The clinical signs are loss of appetite, nausea, loss of weight, and digestive disorders. Hypervitaminosis can
take place in 2 or 3 weeks when the daily dose in the food is 10,000 IU or more per kilogram of body weight (Perel'dik et al.,
1972).

Vitamin E

Vitamin E is defined in terms of the activity of one of its forms (1 IU of vitamin E = the vitamin E activity of 1 mg of
synthetic, racemic α-tocopheryl acetate). Vitamin E acts both as a vitamin and as an antioxidant. Vitamin E is spared by other
antioxidants in the feed or added to the feed. Conversely pro-oxidants such as iron or copper cause its destruction. Thus, the
requirements for vitamin E cannot be stated without consideration of the specific conditions of the diet fed.

Requirements of α-tocopherol were determined by Stowe and Whitehair (1963) to be about 25 mg per kilogram of a
purified diet with molecularly distilled lard as a source of fat. This is equivalent to 0.66 mg per 100 kcal of ME.

The exact interrelationship between vitamin E and the mineral selenium is unknown and may vary between species. A
level of 0.1 ppm of selenium as sodium selenite added to a vitamin E-deficient diet of mink prevented all lesions except
minor accumulations of amorphous nonacidfast material at the adipose interstices (Stowe and Whitehair, 1963). Mink fed
marine products are generally supplied adequate levels of selenium in the diet (Kangas, 1974).

When mink diets contain rancid fats or are high in polyunsaturated fatty, acids (PUFA), the animals are subject to
yellow fat disease. * Mink receiving such diets require an adequate supply of vitamin E, especially during growth (Lalor et
al., 1951; Mason and Hartsough, 1951; Ender and Helge

* This disease has been given various names, including yellow fat disease (McDermid and Ott, 1947), nonsuppurative
panniculitis (Quortrup et al., 1948), Weber Christian disease (Quortrup et al., 1948), and steatitis (Hartsough and Gorham,
1949).
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bostad, 1975). The best information available is that of Harris and Embree (1963), who proposed a dietary α-tocopherol:
PUFA ratio of 0.6 (milligrams:grams) for humans as a minimum to protect against PUFA oxidation. For information on the
effects of antioxidants on the incidence of yellow fat disease, the reader is referred to the section on antioxidants.

Signs of Deficiency Signs of an uncomplicated deficiency produced using a purified diet include sudden death due to
minor stress, dystrophic lesions of the intercostal and myocardial muscles, and hepatic fatty infiltration (Stowe and White-
hair, 1963). The most significant clinical sign was increased erythrocyte fragility (Stowe and Whitehair, 1963). Similar
lesions have been reported in mink on practical ranch diets by Nordstoga (1969).

Kits with yellow fat disease are first affected shortly after weaning, and losses may continue until pelting time. The
disease usually appears suddenly. The kits may refuse the night feeding and be dead in the morning. Other affected kits may
leave their feed and show a peculiar, unsteady hop. The impaired gait may become gradually worse until the animals are
unable to move. They become comatose and remain so until they die. In a typical outbreak, without early treatment,
numerous losses may occur. Vitamin E supplementation is usually effective.

At pelting time, nearly all the kits that survive on vitamin E-deficient diets show yellow discoloration of the fat. Blood
appears in their urine. An examination of the blood suggests that a general normocytic, normochromic anemia, which does
not respond to administration of iron, is a further sign of yellow fat disease (Gorham, 1963).

"Cotton fur" may accompany this condition if rancid fat is fed during the period of active fur formation (Stout et al.,
1960a) (Figures 6 and 7). Also, the frequency of "red hips" (poor-quality fur or unprime areas on hips) increases (G.
Joergensen, National Institute of Animal Science, Hilleroed, Denmark, personal communication, 1978).

Vitamin K

Little work has been done on vitamin K levels in mink diets, and a deficiency of vitamin K in practical diets appears
unlikely. Travis et al. (1961) found that adding vitamin K to a basal semipurified diet low in the vitamin (0.037 µg per 100
kcal ME) produced no change in blood prothrombin time.

WATER-SOLUBLE VITAMINS

Ascorbic Acid (Vitamin C)

No requirement for vitamin C for growth or reproduction has been demonstrated on diets adequate in other nutrients
(Bassett et al., 1948; Petersen, 1957b).

Biotin

Biotin deficiencies have been produced by feeding purified diets to growing kits (Travis et al., 1968). The requirement
was shown to be less than 0.003 mg per 100 kcal ME (Schimelman et al., 1969). This was the lowest experimental level
investigated. Deficiencies of biotin are not normally encountered on conventional mink diets. However, they can be induced
by inclusion of turkey breeder offal or eggs in the diet because of the presence of avidin (Stout et al ., 1966; Wehr et al.,
1980). Avidin is a protein found in egg white and oviduct tissue, which binds biotin preventing its absorption (Fraps et al.,
1943).

Stout et al. (1966) demonstrated that biotin deficiency resulted from feeding practical mink diets composed of high
levels (40 percent or more of diet dry matter) of offal from breeder hen turkeys. Presence of raw eggs in the offal was
presumed responsible for the deficiency. The deficiency can be prevented by feeding the offal at subcausative levels, by
heating it to denature the avidin (91°C [196°F] for 5 minutes) (Stout and Adair, 1970a), or by supplementing the diet with
synthetic biotin. Conventional mink diets do not appear sufficiently rich in biotin to counteract avidin.

Signs of Deficiency The biotin deficiency that results from feeding the offal from laying hen turkeys causes gray or
banded underfur in dark mink (see Figure 5) and, in extreme cases, hair loss. When fed biotin-free purified diets, the deficient
animals showed "spectacle eyes," crusty feet, yellow or bloody exudate, and a dermatitis of the foot pads in addition to the
gray underfur (Travis et al., 1968).

Biotin deficiency has been experimentally produced in mink by feeding raw egg white as 30 percent of the dietary
protein (Helgebostad et al., 1959). Signs noted were pronounced achromotrichia, reduced fur quality, hair loss, degenerative
changes in the hair follicles, thickened and scaling skin, conjunctivitis, fatty infiltration of the liver, and ultimately death.
There are wide differences in the effects of feeding similar levels of chicken and turkey eggs to mink. From results of mink
feeding trials, it appears that turkey eggs contain three to four times as much avidin as do chicken eggs (Stout and Adair,
1969). Inclusion of as little as 5 percent of spray-dried chicken eggs in mink diets unsupplemented with biotin may also cause
fur graying (Wehr et al., 1980) and total reproductive failure (Aulerich et al., 1981).

Folic Acid

Based on observations of Schaefer et al. (1946), a level of 0.5 mg per kilogram of dry feed, or 0.135 mg per 100 kcal
ME, has been suggested as an adequate level of intake. Given at this level, folio acid caused remission of deficiency signs
(growth stunting, diarrhea, and loss of appetite); however, levels below this were not fed. This level is lower than that found
in typical diets fed to ranch mink.

Niacin

The mink requires niacin in the diet, because it is unable to convert sufficient tryptophan to meet its niacin requirement.
Mink gained weight when fed a purified diet supplemented with 0.5 mg of niacin per 100 kcal ME, but lost weight and died
when supplemented with 0.25 mg of niacin per 100 kcal
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ME (Warner et al., 1968). It is unlikely that supplementation of typical mink diets is required, since they have been shown to
contain 50 to 75 mg per kilogram of diet, or approximately 1.25 to 1.87 mg of niacin per 100 kcal ME (Rimeslåtten, 1966a;
Utne, 1974). Mink milk is unusually high in niacin. Joergensen (1960) found 16 mg of niacin in 100 g of mink milk, which is
about 20 times the concentration found in cow's milk and twice that found in the milk of the sow.

Figure 5
Marginal biotin deficiency in dark mink. Pelts are parted to show underfur. Left to right: Normal, gray, and gray-
banded underfur.
Source: F. M. Stout, Oregon State University, Corvallis.

Signs of Deficiency Young mink fed on a niacin-deficient diet by Warner et al. (1968) displayed rather nonspecific
symptoms, including loss of appetite, loss of weight, weak voice, general weakness, and a bloody stool. More than 50 percent
died within 6 days after being placed on the niacin-deficient diet.

Pantothenic Acid

Studies by McCarthy et al. (1966) placed the requirement for pantothenic acid at 0.20 mg per 100 kcal ME.
Signs of Deficiency Early signs of deficiency were loss of appetite and reduced serum cholesterol levels. Blood appeared

in the feces 8 or 9 days prior to death and continued to death. Clinical findings were diarrhea, weakness, emaciation, and
dehydration.

Vitamin B6

Vitamin B6 exists in three interconvertible forms: pyridoxine, pyridoxal, and pyridoxamine. Of these, pyridoxine is the
most commonly used as a supplement in animal diets. The vitamin B6 requirement for growth and normal metabolism, using
purified diets, was 1.6 mg per kilogram of feed, or 40 µg per 100 kcal ME (Bowman et al., 1968).

For reproduction, studies by Rimeslåtten and Aam (1962) indicated that the requirements were not met by 3.2 mg, but
that they could be met with 9.5 mg of pyridoxine per kilogram of dry feed (approximately 80 and 237 µg per 100 kcal ME).
Joergensen et al. (1975) found increasing blood levels of vitamin B6 with feed levels up to 14 mg per kilogram of dry matter,
while 30 mg of the vitamin per kilogram gave the same blood levels as 14 mg. Studies by Akimova, cited in Feeding Fur
Bearing Animals (Perel'dik et al., 1972), indicated that a vitamin B6 deficiency during growth influenced the breeding results
of the following reproduction period.

Signs of Deficiency Signs of deficiency in growing kits appeared after about 2 weeks on a purified vitamin B6-deficient
diet and included reduced feed intake, loss of weight, diarrhea, brown exudate around the nose, excessive lacrimation,
swelling and puffiness around the nose and face region, apathy, muscular incoordination, convulsions, and finally death
unless relieved by supplementation with vitamin B6 (Bowman et al., 1968).

A deficiency of vitamin B6 during the reproductive cycle reduced the number of females conceiving and lowered the
number of kits per litter (Rimeslåtten and Aam, 1962). Mink fed desoxypyridoxine, an antagonist of pyridoxine, did not
reproduce due to resorption of the embryos by females. There was also a degeneration of the testes in males (Helgebostad et
al., 1963).

Riboflavin

Based on studies using purified diets, Leoschke (1960) determined riboflavin requirements for growing kits to be about
1.5 mg per kilogram of dry feed, or 40 µg per 100 kcal ME. Short-term trials with fully grown mink (Joergensen et al., 1975)
showed unchanged levels in blood, muscles, and organs with levels of from 4.5 to 26 mg riboflavin per kilogram dry matter
of feed.

Signs of Deficiency Mink fed purified diets unsupplemented with riboflavin showed loss of appetite, weight loss, and ex
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treme weakness. Effects of deficiency started after about 2 weeks on the riboflavin-deficient diet (Leoschke, 1960).
Akimova (1969) stated that poor breeding results were obtained from animals fed diets deficient in riboflavin during

growth, even though adequate amounts were fed thereafter.

Thiamin

Young mink fed a purified diet required 1.2 mg of thiamin hydrochloride per kilogram of dry feed, or 33 µg per 100 kcal
ME (Leoschke and Elvehjem, 1959). Short-term trials with fully grown mink (Joergensen et al., 1975) showed marked
increase of thiamin levels in muscles and heart when thiamin supplements from 2 to 24 milligrams per kilogram of dry matter
were fed. The urinary excretion increased from 6 to 230 µg thiamin per animal per 24 hours.

If the animals are fed raw fish containing the enzyme thiaminase, thiamin is destroyed. Since thiaminase is heat-labile,
the problem can be avoided by cooking the fish at 83°C (181°F) for at least 5 minutes before adding to the other diet
ingredients (Gnaedinger and Krzeczkowski, 1966). Another practical procedure is to include thiaminase-containing fish only
on alternate days and give a thiamin supplement. Table 15 presents a list of fish containing thiaminase. Oregon studies
showed that the diet consumed by the fish has an important bearing on whether thiaminase will be present (Stout et al., 1963).
That is, fish listed as thiaminase-free may ingest thiaminase-containing fish and consequently create a secondary thiamin
deficiency. In Scandinavia, when thiaminase-containing or ensiled fish are used at a level higher than 10 percent of the diet
(wet basis), the urinary excretion of thiamin is monitored and not allowed to go below 150 µg per animal per 24 hours (G.
Joergensen, National Institute of Animal Science, Hilleroed, Denmark, personal communication, 1978).

Signs of Deficiency Thiamin deficiency was first observed in adult mink fed Columbia River smelt (Long and Shaw,
1943). The first obvious sign was failure to eat; emaciation and weakness rapidly followed. After 6 or 7 days, affected
animals experienced convulsions, which led to a state of collapse and inability to move. Diarrhea usually accompanied the
last stage of the disease, and the fur on the posterior parts became coated with thick, black fecal excretions. This final stage
lasted only a few hours, after which death occurred.

Mink kits started on a thiamin-deficient purified diet at 8 weeks of age began to show thiamin deficiency (Chastek
paralysis) in 3 weeks (Leoschke and Elvehjem, 1959b). Signs were anorexia, loss of weight, lack of muscle coordination,
extreme weakness, and, finally, paralysis and death.

Animals displaying anorexia, loss of coordination, and convulsions due to thiamin deficiency may recover following a
single intraperitoneal injection of thiamin hydrochloride solution. If mink are still eating, supplementing feed with thiamin
will restore the animals to good health.

Vitamin B12

A level of 30 µg per kilogram of dry diet, or 0.8 µg per 100 kcal ME, has been found to meet the requirement for growth
(Leoschke et al., 1953; Leoschke, 1960). The actual requirement may be lower. This requirement is usually met by practical
mink diets containing large quantities of animal protein.

Signs of Deficiency Mink affected by experimental vitamin B12 deficiency show anorexia, loss of weight, and severe
fatty degeneration of the liver (Leoschke et al., 1953).

Other Nutrient Factors

Although no definitive work has been done on inositol, a level of 250 mg per kilogram of dry feed was apparently
adequate for mink that were fed purified diets (Leoschke, 1960). Finnish investigations (Juokslahti et al., 1978) confirmed
Russian recommendations of giving mink a supplementation of 20-40 mg choline per animal per day. In the actual
experiment, 40 mg choline chloride could prevent fatty liver and improve the hepatic function in mink.

MINERALS

General

The relative requirements for mineral elements by mink cover an exceedingly wide range. For example, satisfactory
production results (Kangas, 1974) have been obtained from mink rations containing over 3,000 times as much calcium as
copper. All mineral guidelines are given on a dry matter basis unless otherwise stated. The composition of mineral sources
commonly used as feed supplements is shown in Table 14.

Calcium and Phosphorus

For growing mink, calcium-to-phosphorus ratios between 1.0:1.0 and 1.2:1.0 have been recommended (Bassett et al.,
1951). Under optimal conditions the minimum calcium and phosphorus requirement may be below 0.3 percent (Bassett et al.,
1951); however, in practice it appears that growing mink require 0.4 to 1.0 percent calcium and 0.4 to 0.8 percent phosphorus
if vitamin D is provided at a concentration of 820 IU/kg dry feed and the calcium-to-phosphorus ratio is between 0.75:1.0 and
1.7:1.0 (Rimeslåtten, 1966b).

Signs of Deficiency When the diet is deficient in calcium or phosphorus, bone growth is abnormal.
Signs of Excess Within 10 days after they are placed on a rachitogenic diet high in calcium and low in vitamin D and

phosphorus, mink kits experience difficulty in walking (Smith and Barnes, 1941). They tend to crawl, and the condition
becomes more severe until they are unable to stand. Enlargements of the ribs at the costochondral junctions are evident. The
spinal column in the thoracic region becomes concave (lordosis). The leg bones bend and enlarge at the ends. The ash
contents of the dry fat-free femurs are 22 to 30 percent, compared with 60 to 64 percent for normal animals.
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Sodium and Chlorine (Salt)

There are no data on the minimum requirements of the growing mink for sodium and chlorine; however, 0.5 percent salt
in the wet feed (Hartsough, 1955) or 1.3 to 1.5 percent salt in the dry diet (Glem-Hansen, National Institute of Animal
Science, Hilleroed, Denmark, personal communication, 1978) has been suggested for pregnant and nursing females to
prevent ''nursing sickness,'' a condition that sometimes occurs during the latter stages of lactation. Sodium and chloride
requirements at other times may be lower. Excessive salt intake is harmful. For example, Perel'dik et al. (1972) suggest that
1.5 percent added salt (dry basis) fed during growth results in reduced reproduction during the following breeding period;
however, supporting data were not presented. Problems of salt toxicosis may be aggravated by reduced water intake.

Potassium

In the absence of precise requirements, Wood (1962) has suggested an amount equivalent to approximately 0.3 percent
potassium for breeder and grower diets. Since potassium is plentiful in most plant materials, it may be expected to be
adequately supplied in mink diets containing normal amounts of cereal (10 to 30 percent).

Magnesium

Considerable diversity of opinion exists concerning recommended minimum required levels of magnesium. Wood
(1962) has suggested an amount equivalent to 440 and 396 mg/kg in breeder and grower rations, respectively, while the data
of Warner et al. (1964) suggest 625 mg/kg to be adequate for normal growth on a purified diet. Evidence has not been
presented that magnesium deficiency is a serious threat to ranch mink. The level of 440 mg/kg magnesium is tentatively
recommended for mink diets in the absence of more definitive data. Some antagonism is recognized among magnesium,
calcium, and phosphorus. Thus excesses of calcium or phosphorus in the diet may decrease the absorption of magnesium, and
vice versa (Glem-Hansen, National Institute of Animal Science, Hilleroed, Denmark, personal communication, 1978).

Iron

The problems of providing adequate dietary iron to mink have been dramatized by the occurrence of a specific iron-
deficiency syndrome, cotton fur or cotton pelt (Figures 6 and 7). The precise amount of iron required by mink is not known,
but if no interfering factors are present, 20-30 ppm iron is considered adequate (Åhman, 1966, as cited by N. Glem-Hansen,
National Institute of Animal Science, Hilleroed, Denmark, personal communication, 1978). Glem-Hansen (National Institute
of Animal Science, Hilleroed, Denmark, personal communication, 1978) has suggested 60 ppm, while Wood (1962)
suggested an amount equivalent to 88 and 79 ppm iron for breeder and grower diets, respectively. Typical Scandinavian mink
diets contain 156-352 ppm iron, well above this level (N. Glem-Hansen, National Institute of Animal Science, Hilleroed,
Denmark, personal communication, 1978). Feeding high levels of raw marine fish of the cod (Gadidae) family—such as
Pacific hake, Atlantic whiting, and coal-fish—may result in severe anemia and cotton fur. Freezing the raw fish appears to
accentuate the problem, while heating it to 93°C (200°F) destroys or inactivates the causative factor (Stout et al., 1960a).
Very high levels of trimethylamine oxide (TMAO) are present in such fish, and this compound is broken down by an enzyme
present in the fish digestive tract to yield several products, including formaldehyde (FA) (Amano and Yamada, 1964). Both
TMAO (Ender et al., 1972) and FA (Costley, 1970; Wehr et al., 1976) have been identified as causative factors of cotton fur.
FA has been shown to interfere with iron absorption in rats, and feeding FA to mink on a non-fish diet containing no TMAO
has produced severe anemia and cotton fur. The difficulty can be overcome by supplying iron parenterally (Stout et al.,
1960b); however, feeding of iron supplements has met with mixed success. Scandinavian researchers Ender et al. (1972) and
Skrede (1974) report ferric glutamate and ferrous fumarate are satisfactory supplements for preventing dietary iron
deficiency. However, ferric glutamate has been tested with negative results in the United States (Wehr et al., 1976). Ferrous
fumarate (200 ppm iron added to the diet) reduced but did not eliminate anemia and cotton fur caused by feeding FA or 55
percent Pacific hake (Adair et al., 1974).

Figure 6 Cotton fur in mink. Pelts are parted to show underfur. Left: Cotton fur. Right: Normal fur. Source: F. M.
Stout, Oregon State University, Corvallis.

Signs of Deficiency The most easily recognizable sign of iron deficiency in mink is cotton fur, an almost complete lack
of pigmentation of the underfur. In addition, a microcytic-hypo-chromic anemia, severe emaciation, growth retardation, and
rough pelage may occur (Stout et al., 1960a) (see Figures 6 and 7). If anemia is present during critical early phases of fur
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growth, cotton fur is likely to develop. The earlier and more severe the anemia, the more pronounced the fur defect.

Zinc

Wood (1962) has suggested levels equivalent to 66 and 59 ppm zinc on a dry matter basis for breeder and grower diets,
respectively. In practice these levels were met without supplementation in typical Finnish mink diets, which contained 57-94
ppm zinc (Kiiskinen and Mäkelä, 1977). Since zinc has been reported to be transported through the skin (Keen and Hurley,
1977), mink maintained in galvanized wire cages might absorb some zinc from this source. Signs of severe zinc deficiency
have been reported in rats (Hurley and Mutch, 1973), but specific evidence of zinc deficiency in mink is lacking.

Manganese

The minimum requirement of manganese for normal mink is not known. Wood (1962) recommends levels
corresponding to 44 and 40 ppm for by analysis of adequate diets commonly fed to mink on the west coast breeder and
grower diets, respectively. These levels were obtained of the United States and Canada.

Figure 7 Left: Carcass of normal mink. Right: Carcass of cotton fur mink. Note the anemic condition of the carcass
on the right. Source: F. M. Stout, Oregon State University, Corvallis.

Signs of Deficiency Manganese deficiency has been especially noted in pastel mink, where it results in symptoms of
"screw necks" or head tilting. This is a result of a birth defect in which the otoliths (gravity receptors in the inner ear
responsible for maintenance of equilibrium) are reduced in size or absent. Animals displaying this defect have extreme
difficulty, in swimming and, depending upon extent of defect, may be completely unable to maintain equilibrium and
consequently drown. The syndrome can be prevented by 1,000 ppm manganese supplementation to the mother during
embryonic development. Additionally it has been suggested that a slight increase in litter size may accompany such
manganese supplementation (Erway and Mitchell, 1973).

Copper

The recommended level for copper in the mink diet is 4.5-6.0 ppm (Glem-Hansen, National Institute of Animal Science,
Hilleroed, Denmark, personal communication, 1978). In general the copper requirement is adequately met by typical mink
diets containing fish (Kiiskinen and Mäkelä, 1977).

Iodine

Presence of marine fish in the diet usually implies adequacy of iodine. Wood (1962) has suggested a level of 0.2 ppm for
breeder and growth diets as adequate iodine levels. Normal fish-containing mink diets approximate 2.4-6.4 ppm iodine
(Kiiskinen and Mäkelä, 1977).

Selenium

Data are not available on the minimum requirement for selenium; however, it is assumed that typical mink diets,
especially those containing fish, supply this trace element in sufficient quantities. Kiiskinen and Mäkelä (1977) have reported
several Finnish mink diets to contain 0.05-0.42 ppm selenium in the dry matter. Stowe and Whitehair (1963) determined that
0.1 ppm selenium added as sodium selenite to a tocopherol-deficient basal diet prevented all but minor tocopherol deficiency
lesions in mink (see section on vitamin E).
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Feed Additives

Feed additives are considered as nonnutritive substances added in small amounts to the diet to improve animal
performance. No requirements are listed for them.

ANTIBIOTICS

Antibiotics are substances that when fed at low levels modify bacterial populations in the digestive tract in favor of
desirable microorganisms, while at higher levels they tend to suppress disease-producing organisms.

The response of mink and foxes to dietary antibiotics has been variable and may depend upon the quality of the diet and
the health of the animal. Increased growth rate of weaned kits and improved pelt quality, have been attributed to the feeding
of aureomycin, zinc bacitracin (Bassett and Warner, 1962), and terramycin (Luther, 1952; Warner et al., 1958). Antibiotics
fed to female breeders have also been reported to increase weaning weights and reduce kit mortality. Wood (1963) and Adair
(1955), however, observed no significant improvement in growth or fur quality of mink from feeding several different
antibiotics at levels ranging from 0.4 mg to 110 mg per kilogram of diet. Swedish and Norwegian investigators were also
unable to confirm any growth improvement from feeding terramycin, penicillin, or bacitracin from weaning to pelting, but
did note a growth response in kits where the feed was supplemented with bacitracin during the lactation period (Glem-
Hansen, 1977).

In studies with foxes (Breirem et al., 1955), aureomycin and penicillin were found to have no effect on reproduction or
pup growth when fed to vixens, nor did these antibiotics, or terramycin, improve growth of young foxes from weaning to
pelting. According to Nordfeldt et al. (as reported by Aitken, 1963), the addition of 10 mg aureomycin per kilogram of dry
matter of diet from weaning to pelting failed to enhance the growth of young foxes, although the growth of nursing pups of
vixens given 10 mg penicillin per kilogram of dry matter of diet was improved.

Russian investigations, reported by Aitken (1963), showed that aureomycin, penicillin, or levomycetin fed to foxes
enhanced breeding performance, pup growth, and pelt value and reduced mortality due to digestive disorders. A study by
Petersen (1953) also showed improved growth and pelt quality of young foxes by the addition of penicillin (25,000 IU per
kilogram dry matter) to the diet.

There is presently some concern that the continuous feeding of low levels of antibiotics to animals may enhance the
proliferation of resistant strains of microorganisms and thereby reduce the effectiveness of antibiotics in disease outbreaks.
Therefore, regulations governing the use of antibiotics in animal feeds are subject to change.

ANTIOXIDANTS

Antioxidants are added to feeds to preserve nutrients and help prevent oxidation of fat. Horse meat and fish improperly
stored or stored for prolonged periods, are especially prone to oxidation and when fed to mink may cause steatitis (yellow fat
disease).

Studies by Leekley et al. (1962) have shown that butylated hydroxytoluene (BHT), 2,4,5-trihydroxy butyrophenone
(THBP), or dehydroethoxy trimethylquinoline (ethoxyquin) when added at a level of 123 mg per kilogram of wet diet were
effective in preventing steatitis in mink fed diets that contained high levels of fish waste. Travis and Schaible (1961) found no
adverse effects on reproduction, growth, or fur quality. from feeding 0.2 percent BHT or 0.125 percent ethoxyquin (10 times
the allowable level in feed) to mink. Diphenyl-p-phenyleve diamine (DPPD) added to mink diets at 123 mg per kilogram of
wet feed was effective in controlling steatitis but had a detrimental effect on reproduction (Leekley and Cabell, 1959)
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Disorders Related to Nutrition

URINARY CALCULI

Urinary calculi are occasionally a problem during the spring in pregnant and lactating female mink and during the
summer in male kits (Leoschke et al., 1952; Nielsen, 1956) where losses have been reported to exceed 10 percent (Gorham et
al., 1972). The occurrence of the disorder is usually greater in the inland areas, where diets are composed primarily of meat
products, than along coastal areas, where fish constitute the main component of the diet (Leoschke et al., 1952).

Mink urinary calculi consist primarily of magnesium ammonium phosphate hexahydrate (Leoschke et al., 1952), and
their formation appears to be favored by the presence of alkaline urine. As these calculi are soluble in solutions below pH 6
(Leoschke and Elvehjem, 1954), substances are often added to mink diets to reduce urine pH levels and prevent urolithiasis.
Leoschke and Elvehjem (1954) reported that the addition of l g of ammonium chloride per mink per day to the diet prevented
formation of urinary calculi. Urolithiasis can also be prevented by the addition to the diet of 2.0 percent phosphoric acid (75
percent acid concentration) on a dry matter basis (Leoschke, 1956). This is equivalent to 0.8 percent phosphoric acid (75
percent feed grade) with diets containing 15 to 20 percent fortified cereal and 80 to 85 percent fresh/frozen feedstuffs.

Sulfuric acid is frequently used as a preservative for fish silage in the Scandinavian countries. This is also helpful in
reducing urinary calculi. Three percent sulfuric acid by weight and 0.5 to 1.0 percent acetic or formic acid added to the fish
produces a silage of pH 2.5 to 3.2 (Jensen and Joergensen, 1975; Lund, 1975).

A diet containing 35 percent acid-preserved fish silage has been successfully fed to mink during the late growth period
(Lund, 1975); however, the use of silage-containing feeds of pH less than 5.5 during reproduction and early kit growth has
given unsatisfactory results (Joergensen et al., 1976; Poulsen and Joergensen, 1977, 1978; Poulsen, 1978). If too high levels
of sulfuric acid-preserved fish silage are fed, the mineral balance of the diet (Hansen, 1977a) and rate of food passage through
the digestive tract (Hansen, 1977b) are adversely affected. The recommended levels for feeding fish silage to mink are up to
10 percent during reproduction and early growth and up to 30 percent during the late growth and furring periods.

WET-BELLY DISEASE

Wet-belly disease occurs predominantly in male mink and is characterized in the live animal by intermittent soaking of
the fur with urine around the urethral orifice (Figures 8 and 9). This causes local irritation and interruption of normal fur
maturation, resulting in a darkened discoloration due to melanin granules in the inguinal area on the leather side of the pelt.
This disorder is most frequently encountered at the onset of cold weather prior to pelting and during the breeding season
(Leoschke, 1957, 1962; Gunn, 1962; Schaible et al., 1962).

Many factors involving nutrition, genetics, physiology, and bacteriology have been implicated. Studies by Leoschke
(1959) and Evans et al. (1961) have shown a positive relationship between the caloric density of the diet and the occurrence
and severity of the disorder. Others have reported little or no problem with certain strains of animals receiving high levels of
fat in the diet (Stout et al., 1964, 1965; Evans, 1964b, 1967a). Roberts (1959), Schaible et al. (1962), and Aulerich et al.
(1963) have noted greater incidence of the disorder on diets high in calcium or with wide calcium-to-phosphorus ratios. Gunn
(1962) reported diets that contained high proportions of raw poultry waste, whole fish, and tripe were conducive to wet belly
in females. He attributed the condition to infections by Proteus organisms in these feedstuffs and suggested that stress of cold
weather may predispose the animals to the infection (Gunn, 1966). Studies by Leoschke (1961), Lauerman (1964), Stout et
al. (1964, 1965), and Pastirnac (1977) have demonstrated that susceptibility to wet-belly disease appears to be controlled by
genetics, with nutritional factors greatly influencing the extent and severity of the condition in genetically susceptible strains.
Restricting feed intake from mid-October to pelting may be helpful in reducing wet-belly incidence.
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Figure 8
Typical symptoms of wet-belly disease of mink.
Source: W. L. Leoschke, Valparaiso University, Valparaiso, Indiana.

Figure 9
Normal (left) and wet-belly pelts.
Source: J. E. Oldfield and J. Adair, Oregon State University, Corvallis.
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Toxic Substances in the Feed Supply

The diverse nature of products and by-products used for feeding mink and foxes increases the possibility of
incorporation of injurious substances into the diet. Excessive amounts of certain nutrients, as well as the presence of
contaminants (both natural and synthetic substances) in minute quantities in feed-stuffs, can cause severe problems in these
furbearers. Toxicities due to excessive dietary levels of certain nutrients are discussed along with the discussion of nutritional
deficiencies in the section entitled "Recommended Dietary Allowances." Accounts of toxicity in mink and foxes due to some
nonnutritive substances are presented below.

SYNTHETIC ESTROGENS

During the 1950s, impaired reproduction and early kit losses in mink were attributed to the use of poultry and beef by-
products that contained synthetic estrogen. Studies have shown that 10 µg of synthetic estrogens, such as diethylstibestrol
(Travis et al., 1956; Shackelford and Cochrane, 1962) or dienestrol diacetate (Duby and Travis, 1971), fed daily to female
mink during the reproductive period, result in sterility, decreased litter size, and poor kit survival. One hundred fifty µg of
diethylstilbestrol fed every third day after implantation also had adverse effects on mink reproduction and kit survival (Travis
and Schaible, 1962). Åhman (1965) reported mink fed 3 percent raw soybean oil that contained estrogenic components
showed decreased litter size and increased kit mortality at birth. Clinical signs of estrogenic toxicity include loss of hair,
anorexia, inactivity, excessive fatness, sterility, agalactia and abortion in breeders (Mills, 1961), and reduced body weight
gain in young mink (Warner et al., 1958).

Single, oral 50-mg doses of diethylstilbestrol force-fed to female red foxes from 9 days before mating to 10 days after
mating caused reproductive failure (Linhart and Enders, 1964).

Although mink and foxes are quite sensitive to synthetic estrogens, current regulations governing the use of these
compounds have greatly reduced the chance for contamination of fur animal diets with these substances.

THYROID GLANDS

Mink fed products that contain thyroid-active compounds have been shown to exhibit reproductive complications. Diets
that contained 15 percent "gullet trimmings" from calves (which included thyroid-parathyroid tissue) caused a marked
decrease in the number of females that whelped, number of kits whelped, and kit birth weight and viability (Travis et al.,
1966).

CHLORINATED HYDROCARBONS

Chlorinated hydrocarbon pesticides, such as DDT and dieldrin, have had wide agricultural use and, because of their
persistent nature, have become troublesome pollutants. Residues from these pesticides tend to concentrate in the fatty tissues
of animals as they move up the food chain.

Studies have shown that diets supplemented with 100 ppm DDT, 100 ppm DDE, or 100 ppm DDT plus 50 ppm DDD
fed to mink from weaning through growth, furring, reproduction, and lactation were not toxic, nor did they have an adverse
effect on reproduction or kit growth and survival (Aulerich and Ringer, 1970). Duby (1970) reported similar results from
feeding 100 ppm p,p'-DDT to mink for two successive generations, but noted a uterotropic response from intraperitoneal
injections of o,p'-DDT (Duby et al., 1971). Prolonged feeding of diets that contained 2.5 ppm dieldrin were toxic to adult
mink, especially if the animals were stressed, but the pesticide did not impair reproduction when fed at 5 ppm only during
gestation (Aulerich and Ringer, 1970).

The levels of pesticides employed in these studies were considerably higher than the residue levels one would expect to
find in typical mink diets, which suggests that some margin of safety exists concerning these compounds.

POLYCHLORINATED BIPHENYLS

Polychlorinated biphenyls (PCBs) constitute a series of compounds of varying chlorine content that have had wide indus
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trial use. Although PCBs are no longer manufactured in this country, some PCB use has continued in existing equipment.
Consequently, they have become a major pollutant of many rivers and lakes and persist in the environment in a manner
similar to the chlorinated hydrocarbon pesticides.

Studies (Aulerich et al., 1973; Platonow and Karstad, 1973; Jensen, 1977) have shown that mink are extremely sensitive
to these compounds. As little as 2 ppm PCB (Aroclor® 1254*) fed to mink for 8 months caused reproductive failure. Diets
that contained higher levels of PCBs or PCB-contaminated fish or beef were lethal to adult mink. Clinical signs of PCB
poisoning in mink consist of anorexia, bloody stools, fatty liver, kidney degeneration, hemorrhagic gastric ulcers, increased
liver weights, and elevated hepatic cytochrome P450 levels (Aulerich and Ringer, 1977; Jensen, 1977).

It is thought that many of the reproductive problems in mink previously attributed to pesticide contamination may have
been due to PCB residues.

HISTAMINE

Histamine, a potential toxicant in fur animal diets, is formed by the decarboxylation of histidine by certain bacteria
(Clostridium, Proteus, Salmonella, and Escherichia coli) within a pH range of 5.0 to 8.0 (Woller, 1977). Diets that contain
high levels of acid-preserved feedstuffs are especially prone to histamine formation. According to Woller (1977), typical
Scandinavian mink diets may contain from 0 to 30 ppm histamine at the time of mixing and up to 120 ppm after 24 hours
storage.

Mink kits fed diets containing from 15 to 847 ppm histamine showed diarrhea, decreased feed consumption, and reduced
body weight gains in direct proportion to the level of histamine in the diet (Woller, 1977). Other clinical signs of histamine
poisoning included vomiting and dilated stomachs.

HEAVY METALS

Mercury and lead are two heavy metals that may have toxicity implications in mink and fox feeds.
Mercury contamination resulting from industrial pollution of lakes and rivers is widespread (Wobeser et al., 1975a), and,

although mercury. poisoning from consumption of contaminated fish has been reported in humans, cats, and sea birds
(Takeuchi, 1970), accounts of mercurialism in ranch mink are lacking except for a report of phenylmercuric acetate
intoxication by Borst and van Lieshout (1977). Wobeser and Swift (1976) reported an incidence of mercury poisoning in wild
mink, and it would appear that with diets high in fish, mercury poisoning could be a potential problem in ranch mink.

Studies by Aulerich et al. (1974) have shown that mink are quite sensitive to methyl mercury but comparatively tolerant
of mercury in an inorganic form. Mink fed diets that contained 5 ppm methyl mercury showed clinical signs of mercury
poisoning within 25 days, with death occurring between the 30th and 37th day. The degradation of methyl mercury by mink
has been investigated by Jernelöv et al. (1976). Swedish investigators (Åhman and Kull, 1962) reported 0.24 and 2.4 mg
mercury, as magnesium-bromalkylmercuric chloride, per kilogram of feed to be highly toxic to mink and noted a high
correlation between the mercury content of the feed and the mercury concentration in the organs.

The clinical signs of mercury poisoning are incoordination, anorexia, weight loss, tremors, ataxia, paralysis, paroxysmal
convulsions, and high-pitched vocalizations (Aulerich et al., 1974; Wobeser et al., 1975b). When suspended by the tail,
mercury-treated mink show the typical limb-crossing phenomena indicative of mercury poisoning in several other species
(Aulerich et al., 1974).

Lead poisoning (plumbism) in mink is usually associated with the use of red lead or paint containing lead on cages, feed
and water containers, or feed equipment. The clinical signs of acute plumbism in mink are anorexia, muscular incoordination,
stiffness, trembling, dehydration, convulsions, and a mucopurulent discharge around the eyes (Gorham et al., 1972).

NITROSAMINES

N-nitrosodimethylamine (dimethylnitrosamine) is a toxic substance that forms in fish meals preserved with sodium
nitrite, formaldehyde, or sodium benzoate (Koppang, 1974a). Di-and trimethylamines present in the fish react with the
preservative to form the toxin (Ender et al., 1964; Stout and Adair, 1970b; Sen et al., 1972). N-nitrosodimethylamine is
extremely toxic to mink (Koppang, 1966; Koppang and Rimeslåtten, 1976) as well as cattle (Koppang, 1974b), sheep
(Koppang, 1974c), and pigs (Koppang, 1974a). Hepatotoxic disorders in mink from feeding fish meals that contained N-
nitrosodimethylamine have been reported in Norway (Ender et al., 1964; Koppang, 1966), England, and the United States
(Stout and Adair, 1970b).

The clinical signs associated with N-nitrosodimethylamine poisoning in mink are ascites, pale necrotic livers with
haemangiomatous tumors and obliterative degeneration of the hepatic veins, and adenomatous proliferation of the bile duct
(Stout and Adair, 1970b; Koppang and Rimeslåtten, 1976).

In mink, the LD50 of N-nitrosodimethylamine administered by subcutaneous injection was reported to be 7 mg per
kilogram of body weight, while daily ingestion of 0.2 mg per kilogram of body weight resulted in toxic hepatosis (Koppang
and Rimeslåtten, 1976).

MYCOTOXINS

Mycotoxins are toxic substances produced by certain molds that grow on grain, forage, or other feedstuffs. They can
cause serious economic loss and mortality when consumed by animals. Although more than 100 mycotoxins have been
identified in feeds (Harms and Arafa, 1978), aflatoxins (produced by strains of Aspergillus flavus and A. parasiticus ) appear
to be the most important in terms of mink production. Mink are reported to be extremely sensitive to aflatoxin poisoning (Kop

* Trade name for a specific PCB containing 54 percent chlorine.

TOXIC SUBSTANCES IN THE FEED SUPPLY 22

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Nutrient Requirements of Mink and Foxes, Second Revised Edition, 1982
http://www.nap.edu/catalog/1114.html

http://www.nap.edu/catalog/1114.html


pang and Helgebostad, 1972; Chou et al., 1976a,b), which has been reported to be responsible for the death of more than
3,000 animals in Russia (Astrakhantsev, 1967).

Within a species, the young are generally more susceptible to aflatoxin than mature animals (Patterson, 1973), although
aflatoxin B1 and M1 are not passed to offspring via the milk (Chou and Marth, 1976). In mink, the single LD50 dose of
aflatoxin (40 percent B1 and 60 percent G1) was estimated to be 500 to 600 µg per kg of body weight (Chou et al., 1976b).
Daily ingestion of 5 µg of aflatoxin for 4 weeks produced fatty degeneration of the liver, catarrh in the stomach and intestine,
and icterus (Koppang and Helgebostad, 1972). Prolonged exposure to aflatoxin leads to anorexia, increased liver weight,
hemorrhagic livers with pink-yellow spots, necrosis and fatty infiltration of the liver, hepatoma, bile duct proliferation, and
increased alkaline phosphatase and plasma cholesterol levels (Chou et al., 1976a,b; Koppang and Helgebostad, 1972).

BOTULISM

Botulism is a form of food poisoning caused by a potent toxin produced, in the absence of oxygen, by the organism
Clostridium botulinum, a bacterial contaminant frequently associated with spoiled meat or feed.

There are several types of botulinum toxin. Mink are highly susceptible to type C, moderately susceptible to types A and
B, and relatively resistant to type E (Quortrup and Gorham, 1949; Wagenaar et al., 1953; Skulberg and Valland, 1969). Type
A botulinum toxin has been reported to be toxic to silver foxes (Pyle and Brown, 1939; Shoop, 1939), although they are
highly resistant to types C and E (Yndestad et al., 1977).

When an animal consumes feed that contains the toxin, the onset of the disease is rapid. The toxin affects the nerve
centers, causing muscular incoordination and stiffness, followed by paralysis and death in from 12 to 96 hours in mink
(Gorham et al., 1972). Botulism outbreaks on mink farms involving considerable losses have been reported by Quortrup and
Holt (1940), Gorham (1950), Dinter and Kull (1951), Kull and Moberg (1952), Anonymous (1957), and Gustavsen et al.
(1969).

Since the course of the disease is very rapid, treatment is usually not effective. The only successful control is annual
vaccination of all kits with botulinum toxoid (vaccine) shortly after weaning (Gorham et al., 1972).
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Foxes: Recommended Dietary Allowances

ENERGY

The general principles discussed previously for mink apply equally well to foxes. The provision of adequate energy is a
primary requirement, and it is logical and necessary to relate the diet content of nutrients to the energy density of the diet. For
explanation of energy-related terms see pages 3 through 4.

Published information on energy. requirements is quite limited. The use, by different authors, of different methods of
expressing recommendations and intakes creates difficulties in the comparisons of even these limited data.

Early estimates of the daily gross energy (E) requirements of mature foxes in North America were 111 to 121 kcal per
kilogram of body weight (Palmer, 1928) and 121 kcal per kilogram of body weight (Hodson and Smith, 1942); the latter
authors also expressed their estimate of energy requirement as 2,102 kcal per square meter of body surface. The previous
edition of this publication (NRC, 1968), on the basis of the figure of 121 kcal per kilogram of body weight and estimates of
average animal weight and daily feed intake, recommended that a maintenance diet for foxes should contain 3,227 kcal of E
per kilogram of dry matter. Insufficient data were available to warrant recommendations for growth, pregnancy, or lactation.

Perel'dik et al. (1972), using data from various Russian experimental measurements of energy conversion by adult foxes,
calculated the requirements of metabolizable energy (ME) for maintenance and claimed that these requirements were in
agreement with those determined by Hodson and Smith (1945) and others, although expressed in different terms. The figures
reported by Perel'dik et al. (1972) for adult maintenance were as follows:

June to August -93 kcal of ME per kilogram live weight
September to October -81 kcal of ME per kilogram live weight
November -72 kcal of ME per kilogram live weight
December -65 kcal of ME per kilogram live weight

More data are available on the requirements of female than of male adult foxes. Perel'dik et al. (1972) listed
recommended intakes of ME for female silver foxes and for male and female blue foxes of typical weight under practical
conditions throughout the year. These recommendations, summarized in Table 16, include an additional variability allowance
of 10 percent for "farming conditions." Although there are a few inconsistencies, the recommendations reflect the preference
for reduced energy intake in the winter months with the intent of producing thinner animals for the breeding periods, as well
as the fact that the requirements of blue foxes are slightly higher than those for silver foxes, at least at certain times of the year.

Although a requirement for additional energy intake during pregnancy is commonly recognized, there is little agreement
on the additional levels required. Perel'dik et al. (1972) reported a variety of recommendations from different investigators.
Some investigators recommended different energy intakes in the first and second halves of pregnancy, e.g., Abramov (1950)
recommended 495 and 630 kcal of ME daily for these respective periods. However, Firstov and Kharitonov (1957) favor 560
kcal of ME per day for the whole period.

During the lactation period the energy requirement of the female to provide adequate milk for the suckling pups is
proportional to the number of pups and increases as the age of the pups increases. Various workers have, therefore,
recommended that lactating females receive incremental energy, intakes per pup suckled, with the increments increasing
successively per week or per 10-day interval of the lactation period. Perel'dik et al. (1972), combining data from Rimeslåtten
in Norway and from practice on Russian fur farms, recommended that the energy intake of lactating females consist of an
allowance of 450 kcal ME per day for maintenance plus the following variable amounts for successive 10-day period of
lactation:

10-Day Periods of Lactation Additional Energy. per Pup Daily (kcal ME)a

1st period 52
2nd period 123
3rd period 195
4th period 292
5th period 392
6th period 450

aOver the whole lactation period, the above recommendations represent an average of 250 kcal ME per pup per day.
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Diets supplied to fox pups after weaning must supply the requirements of energy for both maintenance and continuing
growth. As the body weight increases, the maintenance requirement steadily increases up to about the seventh month of age.
In addition, sufficient energy must be added to provide for growth that will occur at a gradually declining rate from the
second to the eighth month of age. Perel'dik et al. (1972), working from Russian calorimetry data on maintenance
requirements and calorific values of the weight increases obtained by Perel'dik (1950), calculated the total energy allowances
for growing silver fox pups. These allowances, as shown in the following table, include an extra practical allowance of 15
percent for "farm conditions" and apply to both sexes. In practice, these allowances would be obtained by the pups from
varied intakes of a diet of appropriate energy density. Somewhat higher allowances, largely because of a 30 percent higher
maintenance requirement and a faster rate of growth, were recommended for blue foxes.

Age of Pups (months) Live Weight at Beginning of Month (kg) Total ME Allowance (kcal/day)
2-3 1.80 450
3-4 3.00 590
4-5 4.10 630
5-6 5.00 660
6-7 5.75 560
7-8 6.00 490

Studies by Mamaeva (1958) indicated that the body weights of foxes late in the growing period were similar under two
different patterns of energy feeding, moderate early levels versus high early levels. The latter pattern, however, produced
faster early weight increases and resulted in animals that were longer, taller, and lower in body fat than did the other pattern,
which produced more uniform weight increases over the growing period.

Moderate deficiency of energy intake causes retardation or cessation of growth; severe deficiency results in emaciation.
The fur may be dull if the energy supply is inadequate. Milk yield in lactating animals may be reduced by inadequate energy
intake.

FATS

Widely different levels of fat have been reported to give satisfactory results. Obviously, variations in the proportions of
fat in the dry matter of the diet will be the major factor in adjusting the energy density of diets.

Up to 44 percent of fresh fat was used in fox diets without any detrimental effects (Bassett, 1951). Rancid fat should not
be used, as it can create a vitamin E deficiency. Perel'dik et al. (1972) recommended that fat be used to meet particular
dietary requirements, at levels supplying from 23 to 49 percent of the digestible energy (DE). Rimeslåtten (1976) reported
that the ME energy from fat had a higher productive value than that from either carbohydrates or protein.

It has been estimated that silver foxes should receive a minimum of 2 to 3 g of essential fatty acids (linoleic and
linolenic acids) daily to prevent hyperkeratosis and dandruff (Ender and Helgebostad, 1951).

CARBOHYDRATES

Limited studies of the possible requirements for carbohydrates or of the possible limitations of their use in fox diets have
been conducted. Earlier reports (Schaefer et al., 1947a; Tove et al., 1949) indicated that an experimental diet containing up to
66 percent sucrose was apparently adequate. Most practical diets for foxes will contain much lower levels of carbohydrate,
primarily starch. Perel'dik et al. (1972) recommended, for a variety of diets for silver foxes, carbohydrate levels supplying
between 14.3 and 35.0 percent of the DE; for blue foxes, the recommended proportions of DE supplied by carbohydrate
ranged from 12.4 to 31.3 percent.

It has been generally observed that foxes can utilize carbohydrate better than can mink (Rimeslåtten, 1951), and fox
diets usually contain higher levels of carbohydrate than do those for mink. Rimeslåtten (1976) has generalized that the
percentage of ME supplied by carbohydrate can be 5 to 10 percent higher in fox than in mink diets.

PROTEIN

A detailed commentary on the critical importance of protein quality in fur animal nutrition is presented in the mink
section of this report.

Maintenance

Studies by Rimeslåtten (1976a) indicate that, with proper energy balance, there are no significant differences in body
weight of blue foxes raised from weaning to pelting on diets containing from 22 to 45 percent of ME from digestible protein
(for calculations see Table 9). Thus it appears that for the blue fox the maintenance protein requirement, as opposed to that
required for growth, would be met by diets containing 22 percent of ME from digestible protein.

Gestation

Rimeslåtten (1976b) has indicated that estrus, breeding, and reproduction of blue foxes are not significantly influenced
by alterations in digestible protein concentration ranging from 25 to 40 percent of ME. A slight reduction in litter size at birth
was observed when vixens were fed protein levels below 31-32 percent of the ME; however, this difference was not judged to
be significant. On the basis of these observations, Rimeslåtten recommended a minimum protein level of 30 percent of ME.

Lactation

Rimeslåtten's studies (1976b) have indicated reduced weight gains of fox pups when their dams received diets
containing protein levels below 30 percent of ME.

FOXES: RECOMMENDED DIETARY ALLOWANCES 25

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Nutrient Requirements of Mink and Foxes, Second Revised Edition, 1982
http://www.nap.edu/catalog/1114.html

http://www.nap.edu/catalog/1114.html


Early Growth (7-16 Weeks)

Harris et al. (1951a) found that more than 40.7 percent protein (dry weight basis) was required to attain maximum
nitrogen storage in fox pups between 7 and 23 weeks of age. However, growth of foxes on a diet containing only 24.5 percent
protein was equivalent to that of foxes on higher protein levels. Rimeslåtten (1976b) has observed that fox pups raised on
diets containing less than 28-30 percent ME from digestible protein attained normal body weight but displayed reduced body
length.

Late Growth and Fur Development (16 Weeks to Pelting)

Rimeslåtten (1976b) has recommended a level of 25 percent ME from digestible protein for the period from 16 weeks of
age to pelting. Fur development and quality were not significantly affected by dietary protein concentrations within the range
of 26 to 38 percent ME from digestible protein.

Data presented in Tables 3 and 4 represent minimum protein requirements of foxes during different phases of the life
cycle. Fox producers and fox pellet manufacturers may wish to include higher concentrations of protein, thus providing a
margin of safety, above the minimum protein requirement.

FAT-SOLUBLE VITAMINS

Vitamin A (Retinol)

The minimum amount of vitamin A necessary to prevent nervous signs in young foxes lies between 15 and 25 IU per
kilogram of body weight per day (Smith, 1942). This vitamin is not stored in the liver until 50 to 100 IU vitamin A per
kilogram of body weight per day are fed.

Although a fox can apparently utilize carotene as a source of vitamin A, the carotene is poorly assimilated (Coombes et
al., 1940). When carotene is being used to satisfy vitamin A requirements of foxes, a conversion factor of 6.0 should be
applied to compensate for the inefficiency of utilization of carotene (Bassett et al., 1946).

Until further data are available, it is recommended that growing foxes be supplied at least 100 IU of vitamin A, or 600
IU (360 µg) of β-carotene, per kilogram of body weight per day. During rapid growth, the requirement would be 66 IU of
vitamin A per 100 kcal ME.

A fox can tolerate large doses of vitamin A (Helgebostad, 1955). A dosage of 40 IU of this vitamin per gram of body
weight, administered daily over a period of 3 to 4 months, produced no toxic signs; 200 IU per gram of body weight,
administered daily over a period of 1 to 2 months, produced signs of hypervitaminosis A in pups. Signs of excess were
anorexia, bone changes with exostosis, decalcification and spontaneous fractures, loss of fur, exophthalmia, cramp, and local
hyperesthesia of the skin.

Signs of Deficiency Foxes fed a diet deficient in vitamin A develop a series of nervous derangements, usually manifested
in this order: first, trembling or cocking of the head; next, unsteadiness (resulting from a disturbed sense of balance); then a
tendency to run in circles (Smith, 1942).

Often, in attempting to observe an object behind them, deficient animals, instead of turning around in the normal
fashion, jerk their heads over their shoulders, lose their balance, and fall over.

These signs usually begin 1 to 5 months after the animals are placed on a diet deficient in vitamin A. Later, certain
animals, after being excited, exhibit increased nervousness until they pass into coma or tetany, which lasts 5 to 15 minutes.
The nervous signs are not eliminated by feeding or injecting vitamin A. Typical xerophthalmia occurs after 4 to 6 months.

The deciduous and permanent teeth of foxes deficient in vitamin A are present in the same socket, and in many instances
the adult incisors are small, discolored, and chipped or broken on the corners (Bassett et al., 1946). Another sign is a high
incidence of urinary calculi.

Vitamin D

Harris et al. (1951b) found that a diet of natural feedstuffs that assayed 0.82 IU of vitamin D per gram, or 22 IU per 100
kcal ME, was adequate for growing foxes; the diet was fed without a vitamin D supplement. A daily supplement of 200 IU of
vitamin D per kg of body weight with this diet did not prevent rachitic changes when calcium or phosphorus was deficient,
and it did not improve physiological responses at adequate mineral levels. Vitamin D supplementation of practical fox diets,
therefore, does not appear necessary.

Signs of Deficiency Rickets can be produced in foxes by feeding diets having low vitamin D content and abnormal
calcium-to-phosphorus ratios (Hanson, 1935; Ott and Coombes, 1941; Smith and Barnes, 1941; Harris et al., 1945, 1951b).
Signs of rickets in growing kits are generally seen between 2 and 4 months of age.

Vitamin E

Vitamin E requirements of foxes have not been determined. However, it appears that when good-quality feedstuffs are
given, supplemental sources of vitamin E are unnecessary for growth or reproduction. Vitamin E levels in the diet are related
to the presence or absence of other nutrients and antioxidants. (See discussion in sections on vitamin E and antioxidants,
mink section.)

Signs of Deficiency Experimental production of yellow fat. disease in foxes has been described (Ender and Helgebostad,
1953). The disease is often characterized by hemorrhagic diathesis and red, swollen, hemorrhagic gastrointestinal mucosa
with or without ulcers. Calcium incrustations are found in the endothelium of the large vessels and in the muscles and kidneys.

Vitamin K

The requirements for vitamin K have not been determined for foxes. Perel'dik et al. (1972) reports that, on farms where
silver
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and blue foxes were born with subcutaneous hemorrhages, the enrichment of the diets of pregnant females with vitamin K
was beneficial.

WATER-SOLUBLE VITAMINS

Ascorbic Acid (Vitamin C)

Lack of vitamin C has no visible effect on the health of growing foxes or on the quality of their fur (Mathiesen, 1939,
1942). However, there is a relation between vitamin A and ascorbic acid in the nutrition of foxes (Bassett et al., 1948), which
suggests that a deficiency of vitamin A in the diet will reduce tissue synthesis of vitamin C below physiological requirements.

Biotin

In a study of biotin deficiency signs of foxes, Helgebostad et al. (1959) used a diet that supplied a total of 30 percent of
protein as raw egg white. This diet was fed to pregnant foxes, with the result that some of the young were born with changes
in hair color (Figure 10). Some of those born with normal hair developed the changes in color after receiving the egg-white
diet themselves. The condition rapidly improved in all deficient animals that were given 1 mg of biotin twice a week. At
autopsy, the liver showed extensive fat infiltration in deprived animals. There were also large amounts of sudanophilic
substances in the kidneys and myocardium. This confirmed earlier work (Gunn, 1948) in which 25 percent of raw egg
powder was used in the diet of fox pups as the source of animal protein. Gunn found that deficiency signs developed after 12
to 15 weeks. The pups showed graying and loss of fur over the body and tail, eye infections, and gray muzzles. Finally, the
legs became weak. Adding 5 percent of yeast to the diet or pressure cooking the egg powder greatly reduced the signs.

Folic Acid

Folic acid is required in the fox diet. It is suggested that 0.2 mg per kilogram of dry diet, or 5.2 µg per 100 kcal ME, be
accepted as the tentative requirement (Schaefer et al., 1947a). Folio acid conjugates are incapable of replacing folic acid in
the fox diet (Tove et al., 1949).

Signs of Deficiency Foxes fed a purified diet deficient in folio acid develop anorexia, loss of body weight, and a decrease
in hemoglobin and in red and white blood cells (Schaefer et al., 1947a). This condition causes death if it is not treated.

Niacin

Schaefer et al. (1947b) have suggested that foxes be fed 0.39 to 2.0 mg of niacin (as calculated from dose feedings) per
kilogram of body weight per day. It is suggested that 10 mg per kilogram of dry, diet, or 0.26 mg per 100 kcal ME, be
accepted as the tentative requirement.

Signs of Deficiency Foxes fed a purified diet deficient in niacin show anorexia, loss of body weight, and typical
blacktongue, which is characterized by severe inflammation of the gums and fiery redness of the lips, tongue, and gums. If
the animals are not treated with niacin, they develop severe diarrhea, pass into a coma, and die (Hodson and Loosli, 1942;
Schaefer et al., 1947b).

Figure 10
Biotin deficiency. The newborn fox pup on the left is from a biotin-deficient dam that received a diet containing
raw egg white. Thin, gray pelt and deformed legs are apparent. A control diet containing cooked egg white was fed
to the dam of the pup on the right, which is also newborn.
Source: A. Helgebostad, Veterinary College of Norway, Heggedal.

Pantothenic Acid

Schaefer et al. (1947b) have suggested that foxes require between 2.5 and 15.0 mg of pantothenic acid per kilogram of
diet. Until further information is available, it is suggested that the tentative requirement be 8.0 mg per kilogram of dry diet, or
0.21 mg per 100 kcal of metabolizable energy.

Signs of Deficiency Signs of deficiency include cessation of growth, and coma (Schaefer et al., 1947b). Death is sudden.
Necropsies reveal gross fatty degeneration of the liver, catarrhal enteritis, and cloudy swelling and congestion of the kidneys.
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Riboflavin

Experiments designed to show the importance of some of the B-complex vitamins in nutrition of foxes indicate that the
minimum and maximum levels of riboflavin for pups are greater than 1.25 and less than 4.0 mg per kilogram of diet
(Schaefer et al., 1947b). In other experiments, a basal diet calculated to contain 1.3 to 1.6 mg per kilogram produced
riboflavin deficiency in the blue fox (Rimeslåtten, 1958). The requirement per 100 kcal of ME is at least 0.1 mg for larger
pups and 0.15 mg during pregnancy and lactation.

Signs of Deficiency Riboflavin deficiency in foxes results in a decreased rate of growth within 2 weeks after the animals
are placed on a deficient diet (Schaefer et al., 1947b). After 3 or 4 weeks, signs of muscular weakness, chronic spasms, and
coma occur. When riboflavin is administered, animals will recover within a few hours. If foxes are further maintained on the
deficient diet, opacity of the cornea and a decrease in pigment production in the fur are noted.

Rimeslåtten (1958) showed that a riboflavin deficiency will develop in litters of blue foxes fed a diet containing a, poor-
quality sun-dried eviscerated cod meal. Additions of B-complex vitamins to the diet relieve the deficiency signs. When
riboflavin is omitted, pups on the diet develop fatty dermatitis, and the fur becomes much paler (sometimes nearly white) in 5
to 7 weeks (Figure 11). Part or all of the hair falls out, the eye lenses become opaque, and muscular weaknesses develop.
When a B-complex vitamin supplement containing riboflavin is fed, both dermatitis and muscular control improve in a few
days. In 1 to 2 weeks, a new pigmented pelt begins to develop. The omission of B-complex vitamins other than riboflavin
from the supplement produced no harmful effects.

Thiamin

The minimum requirement of mature foxes for thiamin hydrochloride is 800 µg per kilogram of dry feed, or 21 µg per
100 kcal of ME (Harris and Loosli, 1949). Kringstad and Lunde (1940) found that 0.2 mg of thiamin per animal per day is
sufficient to prevent deficiency signs.

The minimum level of thiamin suggested for practical feeding of foxes is 1.0 mg per kilogram of dry feed, or 27 µg per
100 kcal of metabolizable energy.

Signs of Deficiency Thiamin deficiency in foxes results in anorexia, weakness, convulsions, and paralysis (Ender and
Helgebostad, 1939; Kringstad and Lunde, 1940). Convulsions may occur just before death, which usually comes 48 to 72
hours after the onset of neurological signs. In advanced stages of the disease, foxes moan as if in great pain. At autopsy, the
liver usually exhibits severe degeneration. Bilateral vascular lesions, found principally in the paraventricular gray matter of
the brain, are useful in diagnosing the disease.

Chastek paralysis is a deficiency disease of foxes and mink. It occurs when certain types of raw fish (see Table 15) are
in-eluded in the diet (Green et al., 1941). These fish contain the enzyme thiaminase. When they are included in a mixed
ration, the enzyme destroys the thiamin in the diet. The disease can be prevented or cured by feeding or injecting thiamin.
When whole carp is fed to foxes at a level of 20 percent of the wet diet, 5 to 10 mg of thiamin hydrochloride per animal per
day are required to prevent Chastek paralysis (Green et al., 1941). It is suggested that 0.5 to 0.75 mg of thiamin hydro-
chloride in sterile distilled water be injected subcutaneously into each fox to cure thiamin deficiency and that subsequently
the animals be given a diet containing the recommended amounts of thiamin (Harris and Loosli, 1949). Cooking the fish at
83°C (181°F) for at least 5 minutes destroys the thiaminase and renders them safe.

Figure 11
Riboflavin deficiency. Right: after 7 weeks on a diet deficient in riboflavin, 12-week-old blue fox showed
depigmentation, shedding of fur, and dermatitis. Left: littermate was fed the same diet supplemented with riboflavin.
Source: H. Rimeslåtten, Agricultural College of Norway, Vollebekk.

Vitamin B6

A level of 2.0 mg of pyridoxine per kilogram of diet will prevent signs of deficiency in foxes (Schaefer et al., 1947b). In
the absence of more critical information, it is suggested that 2.0 mg per kilogram of dry diet, or 50 µg per 100 kcal of ME, be
accepted as the tentative requirement.

Signs of Deficiency A pyridoxine deficiency results in anorexia, cessation of growth, and a decrease in hemoglobin
(Schaefer et al., 1947b).
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Vitamin B12

No experiments to estimate vitamin B12 requirements of foxes have been reported. Practical diets for foxes usually
contain sufficient amounts of animal protein. Such diets and additional vitamin B12 from intestinal synthesis should provide
an adequate supply of this vitamin.

MINERALS

Calcium and Phosphorus

The calcium requirement of the growing fox 7 to 37 weeks of age is between 0.5 percent and 0.6 percent in the dry diet
(Harris et al., 1945, 1951b).

Additionally, the ratio between calcium and phosphorus is important in the nutrition of foxes (Harris et al., 1951b). A
calcium-to-phosphorus ratio ranging between 1.0:1.0 and 1.7:1.0 appears to be satisfactory. Ratios outside this range may
result in improper growth of bone, even when the diet contains large amounts of vitamin D.

Signs of Deficiency Fox pups on a rachitogenic diet develop a stiffness of the rear legs and begin walking on their
pasterns rather than on their toes (Smith and Barnes, 1941). Their leg joints swell, and the leg bones become bent. The ash
content of the dry, fat-free ulnas decreases from a normal of 62 to 67 percent to 36 to 47 percent. The long bones become soft
and vascular. Serum calcium falls from 10.8-11.8 mg per 100 ml to 7.2-9.0 mg after 8 weeks on the rachitogenic diet.

Harris et al. (1945) have supplied evidence that calcium-deficient foxes show, progressively: lameness, recurrent
spasms, crooked legs, and enlargement of the cranial bones, especially the maxillae and palatines (Figure 12). The muzzle
becomes enlarged, the gums become swollen, and the teeth become loose.

Figure 12
Calcium deficiency. Each of these bones is a right humerus taken from a female fox. The bone on the right was
taken from a fox that received 0.5 percent calcium in its diet, plus sunshine. The others are from foxes kept in the
shade and fed (left to right) 0.16, 0.2, 0.3, 0.4, and 0.5 percent calcium in the dry diet.
Source: L. E. Harris, Utah State University, and C. F. Bassett, USDA.

Foxes on low-phosphorus diets reveal symptoms of lameness, crooked legs, enlarged joints, and a mineral poverty, of
the bones, shown by X-ray (Harris et al., 1951b). Occasionally, an animal develops an undershot jaw.

Sodium and Chlorine

In the absence of data on the specific requirements of foxes for sodium and chlorine, it has been recommended that the
diet be fortified with 0.5 percent sodium chloride (salt) calculated on a dry matter basis (NRC, 1968).

Iron

The minimum iron requirement of foxes is not known; however, uncooked fish of the cod family (such as Pacific hake,
Atlantic whiting, and coalfish) have been shown to interfere with iron absorption in rats and mink (Costley, 1970). An
increased requirement for iron has been observed in silver and blue foxes fed air-dried cod (Rimeslåtten, 1959). In this case
supplementation of the diet with liver was reported to be beneficial. Supplementation of the breeder diet with iron sulfate has
been reported to reduce litter size (Goncharenko, 1976). Iron deficiency signs include anemia and depigmentation of underfur
(Rimeslåtten, 1959).

Cobalt, Copper, Iodine, Manganese, and Zinc

In the absence of firm data on the minimum requirements of foxes for these minerals, results of Soviet studies with trace
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mineral fortification of standard fox diets are pertinent. All values are in units of weight of supplement per kilogram of
animal body weight per day. Simultaneous supplementation of the fox breeder diet with cobalt (0.5 mg CoCl2), manganese
(1.0 mg MnSO4), and zinc (0.2 mg ZnSO4) has been reported to decrease pup mortality (Berzins, 1957). However,
superimposing copper (0.5 mg CuSO4) supplementation upon the previous treatment has been reported to increase pup
mortality (Berzins, 1967). Supplementing the breeder diet with iodine (0.05 mg KI), cobalt (0.5 mg CoCl2), and a
considerably lower level of copper (0.05 mg CuSO4) from 10 days before breeding through pregnancy and lactation has been
reported to increase litter size (Zotova, 1968). Low level cobalt (0.5 µg CoCl2) and iodine (0.1 µg KI) supplementation of
grower diets was reported to increase pup size and improve fur quality (Bukovskaya, 1969). These experiences relate to a
typical diet of meat, fish, and cereal and may or may not be reproducible in diets of other composition.

For a discussion of feed additives, disorders related to nutrition, and toxic substances in the feed supply pertaining to fox
nutrition see pages 18 through 23.
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Composition of Feeds

Tables 12, 13, and 14 present the composition of some fur animal feed ingredients.* Nutrient concentrations are
organized as follow:

Table 12 Composition of Important Fur Animal Feeds. Data Expressed As-Fed and Dry (100% Dry Matter).
Table 13 Amino Acid Composition of Some Common Fur Animal Feeds. Data Expressed on an As-Fed and Dry Basis

(Moisture Free).
Table 14 Composition of Mineral Supplements. Data Expressed As-Fed and Dry (100% Dry Matter).

INTERNATIONAL NOMENCLATURE

In Tables 12, 13, and 14, names of the feeds are based on a scheme proposed by Harris et al. (1980, 1981). The names
are designed to give a qualitative description of each product, where such information is available and pertinent. A complete
name consists of as many as eight facets, separated by commas and written in linear form. The facets are as follows:

Origin (or parent material)
Species, variety, or kind
Part eaten
Process(es) and treatment(s) to which product has been subjected
Stage of maturity
Cutting or crop
Grade or quality designations
Classification

INTERNATIONAL FEED NUMBER

Each feed name is assigned a five-digit ''International Feed Number (IFN)'' for identification. The numbers are assigned
consecutively as new feed names are created. These numbers are particularly useful when calculating animal diets for
maximum profit. The feed class number is placed in front of the international feed number when making up feed composition
tables, and the entire six-digit number is entered in a column following the international feed name (Tables 12, 13, 14).

The following list shows how three feeds are described:

Facets and Classification of the
International Feed Name

Feed No. 1 Feed No. 2 Feed No. 3

Origin (or parent material)
Breed or kind

Fish herring Soybean Wheat soft white winter grain

Part eaten
Process(es) and treatment(s) to
which product has been subjected

whole fresh seeds meal solv extd

Grade or quality designations 44% protein
Classification; first digit in front
of the International-Feed Number
(IFN)

(5) protein supplements (5) protein supplements (4) energy feeds

IFN 5-01-999 5-04-604 4-05-337

Thus, the names of the three feeds are written as follows:
No.1: Fish, herring, whole, fresh
No.2: Soybean, seeds, meal solv extd, 44% protein
No.3: Wheat, soft white winter, grain
Feeds of the same origin (and the same breed or kind, if one of these is stated) are grouped into eight classes on the basis

of their composition and the way they are used in formulating diets:
Code

1.  Dry forages and roughages
2.  Pasture, range plants, and forages fed green

* The tables on feed composition (Tables 12, 13, 14,) were compliled by the National Research Council's Subcommittee on
Feed Composition of the Committee on Animal Nutrition.
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3.  Silages
4.  Energy feeds
5.  Protein supplements
6.  Minerals
7.  Vitamins
8.  Additives

Feeds that in the dry state contain on the average more than 35 percent cell wall or 18 percent crude fiber are classified
as protein supplements. Products that contain less than 20 percent of protein and less than 35 percent cell wall or 18 percent
crude fiber are classified as energy feeds. The international feed names may vary slightly in each report because changes are
made as more is known about a given feed, or the Association of American Feed Control Officials or the Canada Feed Act
may change the name or definition of a feed. However, if the feed is the same, the international feed number remains the
same even though the name changes.

DATA

The data were primarily taken from the International Feed-stuffs Institute, Utah State University data bank.
Metabolizable energy and protein digestibility. values were taken from unpublished data of Travis.* The analytical data are
expressed in the metric system and are on an as-fed and dry basis. Analytical data may differ in the various NRC reports
because the data are updated for each report. Individual feed samples may vary widely from averages in the table. Variations
are influenced by factors such as crop, variety, climate, soil, and length of storage; therefore, the values given should be used
with judgment.

* Hugh F. Travis, Agriculture Research Service, U.S. Department of Agriculture, 321 Morrison Hall, Cornell University,
Ithaca, New York, 14850.
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Tables

TABLE 1 Nutrient and Energy Requirements of Mink: Percentage or Amount per Kilogram of Dry Mattera

Growth
Constituent Weaning to 13

Weeks
13 Weeks to
Maturity

Maintenance
(Mature)

Gestation Lactation

Energy
males kcal MEb 4080 4080 3600 — —
females kcal ME 3930 3930 3600 3930 4500
Crude protein % 38c 32.6-38.0 21.8-26.0 38 45.7
Fat-soluble
vitamins
Vitamin A IU 5930 d d d d
Vitamin E mg 27 d d d d
Water-soluble
vitamins
Thiamine mg 1.3 d d d d
Riboflavin mg 1.6 d d d d
Pantothenic acid mg 8.0 d d d d
Vitamin B6 mg 1.6 d d d d
Niacin mg 20.0 d d d d
Folic acid mg 0.5e d d d d
Biotin mg 0.12 d d d d
Vitamin B12 µg 32.6 d d d d
Minerals
Calcium % 0.4 0.4 0.3 0.4 0.6
Phosphorus % 0.4 0.4 0.3 0.4 0.6
Ca:P ratio 1:1 to 2:1 1:1 to 2:1 1:1 to 2:1 1:1 to 2:1 1:1 to 2:1
Salt % 0.5 0.5 0.5 0.5 0.5

a Nutrient requirements are based on an energy level of 5300 kcal E, or 4080 kcal ME. Nutrient requirements will increase with higher
ME levels and decrease with lower ME levels.
b See Table 9 for methods of calculation.
c Based on average quality protein with calculated digestibility of 83 percent. Higher-quality protein and higher digestibility will
decrease the requirement, and lower-quality protein and lower digestibility will increase the requirement.
d Quantitative requirement not determined, but dietary need demonstrated.
e May not be minimum, but known to be adequate.
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TABLE 2 Nutrient and Energy, Requirements of Mink: Daily Amounts

Growth
Constituent Weaning to 13

Weeks
13 Weeks to
Maturity

Maintenance
(Mature)

Gestation Lactation

Energy
males kcal ME/

kg BW
275-330 250-140 140 — —

females kcal ME/
kg BW

280-355 280-150 140 200 200-500

Amount per 100
kcal metabolizable
energya:
Digestible protein kcal MEb 35 30-35 20-24 35 42
Fat-soluble vitamins
Vitamin A IU 145 d d d d

Vitamin E mg 0.66 d d d d

Water-soluble
vitamins
Thiamine mg 0.033 d d d d

Riboflavin mg 0.04 d d d d

Pantothenic acid mg 0.2 d d d d

Vitamin B6 mg 0.04 d d d d

Niacin mg 0.5 d d d d

Folio acid µg 13.0c d d d d

Biotin µg 3.0 d d d d

Vitamin B12 µg 0.8 d d d d

a When original data were not presented on the basis of ME, requirements were calculated according to the following formula (ME =
0.77 E).
b See Table 9 for methods of calculation.
c May not be minimum, but known to be adequate.
d Quantitative requirement not determined, but dietary need demonstrated.

TABLE 3 Nutrient and Energy. Requirements of Foxes: Percentage or Amount per Kilogram of Dry Mattera

Growth
Constituent 7 to 23 Weeks 23 Weeks to Maturity Maintenance Pregnancy Lactation
Energy kcal E 3227
Crude protein % 27.6-29.6b 24.7 19.7 29.6 35.0
Fat-soluble vitamins
Vitamin A IU 2440 2440
Water-soluble vitamins
Thiamine µg 1.0 1.0 e e e

Riboflavin mg 3.7c 3.7c e 5.5d 5.5d

Pantothenic acid mg 7.4c 7.4c e e e

Vitamin B6 µg 1.8c 1.8c e e e

Niacin mg 9.6c 9.6c e e e

Folio acid µg 0.2c 0.2c e e e

Minerals
Calcium % 0.6 0.6 0.6 e e

Phosphorus % 0.6 0.6 0.4 e e

Ca:P ratio 1.0:1.0 to 1.0:1.0 to 1.0:1.0 to
1.7:1.0 1.7:1.0 1.7:1.0

Salt % 0.5 0.5 0.5 0.5 0.5

a Nutrient requirements are based on an energy level of 3700 kcal ME. Nutrient requirements will increase with higher ME levels and
decrease with lower ME levels.
b Based on average quality protein with calculated digestibility of 83 percent. Higher-quality protein and higher digestibility will
decrease the requirement. and lower-quality protein and lower digestibility will increase the requirement.
c May not be minimum, but known to be adequate.
d Blue fox.
e Quantitative requirement not determined, but dietary need demonstrated.
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TABLE 4 Nutrient Requirements of Silver Foxes: Amount per 100 kcal Metabolizable Energya

Growth
Nutrient 7 to 23 Weeks 23 Weeks to Maturity Maintenance

(Mature)
Gestation Lactation

Digestible protein kcalb 28-30 25 22 30 35
Fat-soluble vitamins
Vitamin A IU 66 66 d d d

Water-soluble vitamins
Thiamine µg 27 27 d d d

Riboflavin mg 0.1 0.1 0.15e 0.15e

Pantothenic acid mg 0.2c 0.2c d d d

Vitamin B6 µg 50 c 50c d d d

Niacin mg 0.26 0.26 d d d

Folio acid µg 5.2c 5.2c d d d

a When original data were not presented on the basis of ME, requirements were calculated according to the following formula (ME = 0.8
E).
b See Table 9 for methods of calculation.
c May not be minimum, but known to be adequate.
d Quantitative requirement not determined, but dietary. need demonstrated.
e Blue fox.
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TABLE 6 Average Daily Requirements for Metabolizable Energy (ME) and Dry Feed for Growth of Silver Foxesa

Age (Weeks)
7 11 15 19 23 27 31 35

Male
Body weightb kg 1.45 2.5 3.6 4.4 5.1 5.75 6.25 6.5
ME dailyc kcal 276 450 540 616 638 575 500 488
Daily dry feed containing:
2800 kcal ME/kg g 99 161 193 220 228 205 179 174
3400 kcal ME/kg g 81 132 159 181 188 169 147 144
4000 kcal ME/kg g 69 113 135 154 160 144 125 122
Female
Body weightb kg 1.35 2.3 3.25 3.95 4.6 5.1 5.4 5.5
ME dailyc kcal 257 414 488 553 575 510 432 413
Daily dry feed containing:
2800 kcal ME/kg g 92 148 174 198 205 182 154 148
3400 kcal ME/kg g 76 122 144 163 169 150 127 121
4000 kcal ME/kg g 64 104 122 138 144 128 108 103

a Data from H. Rimeslåatten.
b Average body weights (Rimeslåtten, 1978) as shown in growth curves for silver foxes (Figure 3).
c Calculated from body weights using age-specific allowances per kilogram derived, by interpolation, from allowances of Perel'dik (cited
in text, page 25).
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TABLE 9 Formulas and Examples for Calculating Metabolizable Energy a and Percent MEb

Proximate Analysis
Source Percent Digestible Nutrients (g) Metabolizable Energy (kcal)
Protein 36.4 36.4 × .85c = 30.9 30.9 × 4.5d = 139
Fat 23.0 23.0 × .90c = 20.7 20.7 × 9.5d = 197
Ash 9.2 — 0 0
Carbohydrate 31.4e 31.4 × .75c = 23.6 23.6 × 4.0d = 94
TOTAL 100 75.2 430

a Metabolizable energy (ME) = total grams of each nutrient per 100 g dry matter × digestibility coefficient x ME (kcal)/g = 430 kcal per
100 g dry matter.

b

c Arbitrarily assigned digestibility, coefficients.
d Metabolizable energy per gram is 4.5 kcal for protein, 9.5 kcal for fat, and 4.0 kcal for carbohydrates.
e % Carbohydrate = 100% (total dry matter) minus (% protein + % fat + % ash).

TABLE 10 Suggested Ranges of Composition of Practical Diets for Mink
Ingredients Percent
Fortified cereala 15-30
Liver 0-10b

Quality protein feedstuffs 0-30c

Cooked eggs, whole poultry, whole fish, horsemeat, rabbits, nutria, etc.
Beef by-products 10-30
Tripe, lungs, lips, udders, spleen, etc
Poultry by-products Heads, entrails, feet 10-70
Heads, entrails, feet
Fish scrap 10-50
Fat supplementation Rendered animal fat or vegetable oils 0-6d

Rendered animal fat or vegetable oils
Proximate analysise of diet Percent
Protein 25-40
Fat 18-30
Carbohydrate 20-50
Ash 6-12

a May consist of single-cooked grains such as oat groats or wheat in combination with vitamin and trace mineral supplementation or
commercially prepared fortified cereal mixtures.
b Reproduction-lactation diets (March-May) often contain 5-10 percent beef liver, although necessity for this has not universally been
accepted.
c Level of quality-protein feedstuffs is often increased during the critical fur development and reproduction-lactation phases—a practice
consistent with the higher protein requirements of the mink during these critical periods.
d That level of fat supplementation that provides proper protein/energy balance for each phase of the life cycle.
e That proximate analysis consistent with the optimum nutritional balance for each phase of the life cycle.
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TABLE 11 Suggested Ranges of Composition of Practical Diets for Foxes
Ingredients Percent
Fortified cereala 25-50
Liver 0-10b

Quality. proteinsc 5-30
Cooked eggs, whole poultry, whole fish, horsemeat, rabbits, nutria, blood, etc.
Beef by-products 10-20
Tripe, lungs, lips, udders, spleen, etc.
Poultry by-products 0-50
Heads, entrails, feet
Fish scrap 0-50
Fishmeal 5-15
Fat supplementation 0-10d

Rendered animal fat or vegetable oils
Proximate analysise Percent
Protein 20-30
Fat 15-30
Carbohydrates 25-60
Ash 5-15

a May consist of single-cooked grains such as oat groats or wheat in combination with vitamin and trace mineral supplementation or
commercially prepared fortified cereal mixtures.
b Reproduction-lactation diets (March-May) often contain 5-10 percent beef liver, although necessity for this has not universally been
accepted.
c Level of quality-protein feedstuffs is often increased during the critical fur development and reproduction-lactation phases—a practice
consistent with the higher protein requirements of the foxes during these critical periods.
d A level of fat supplementation that provides proper protein/energy balance for each phase of the life cycle.
e A proximate analysis consistent with the optimum nutritional balance for each phase of the life cycle.
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TABLE 12 Composition of Important Fur Animal Feeds. Data Expressed As-Fed and Dry (100% Dry Matter)
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