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Summary 

Natural dark mink kits were fed a diet 
supplemented with 0, 25, SO, 100 or 200 ppm 
Cu from CuS04•SH2 0 for 153 or 357 d. The 
shorter term Cu supplementation had no 
significant beneficial or adverse effects on mink 
body weight gains or hemoglobin or hematocrit 
concentrations, although plasma Cu concentra­
tions were slighrly elevated in the mink fed 
added Cu. Liver Cu concentrations were signifi­
cudy increased only in the mink fed 200 ppm 
Cu. Liver Zn and Fe concentrations were not 
ffected by the added Cu. Darker fur was ob-

'"·"''"''' .:rved in pelted males fed the higher levels of 
Cu. The reproductive performance of mink on 
the longer term Cu supplementation was not 
ldvencly affected, although greater kit mortality 
and reduced "litter mass" were a result of the 
~ipcr Cu concentrations. The acute (21-d) 
'P LDso concentrations of Cu sulfate and Cu 
ACetate in adult mink were 7.5 and 5.0 mg/kg, 
l'apcctively. 
<Key Words: Mink, Supplemental Copper, 
~uctive Performance, Zinc, Mortality.) 

Introduction 

ID ~ent years early kit losses have become 
~ent in certain mains of natural dark mink. 
~~from the affected strains are generally less 

n ty and smaller, with considerable losses 
O<c-u . 
d . rnng wfien the kits are handled, such as 
~n~. V?:~cination or when litters are "broken 

n and separated. Under these circum-
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stances, death appears to be associated with 
anemia and a stress-induced type of shock. 
Dietary Fe supplementation has not alleviated 
the: problem, and recent interest has focuses on 
the possible role of Cu in this disorder. 

Numerous studies have demonstrated the 
beneficial effects of supplemental dietary Cu in 
excess of the requirement on growth rate in 
swine (Hawbaker et al., 1961; Barber et al .• 
1962; Braude. 1965; Castell and Bowland, 
1968; Drouliscos et al., 1970), poultry (Smith, 
1969; Jenkins et al., 1970; King, 1972) and 
rabbits (King, 1975). According to Castell and 
Bowland {1968), Drouliscos et al. (1970) and 
Jenkins et al. (1970), there is a greater growth 
response to supplemental Cu in animals fed 
diets high in fish meal, as opposed to soybean 
meal diets, because the minerals in -fish meals 
tend to bind Cu. Because typical mink diets 
usually contain considerable quantities of fish 
meals, supplemental dietary Cu may prove 
beneficial. 

In a preliminary feeding trial in which 0, 2S or 
50 ppm supplemental Cu from Cuso.·SHlO 
was fed to dark mink kits from July 22 through 
pelting (December 8), there was a greater 
(P< .01) growth response in male mink fed the 
higher level of supplemental Cu and a greater 
(although not significantly different from the 
control) increase in the weight pins of the 
males fed 25 ppm Cu and in the females that 
received the two diets that contained supple­
mental Cu (Aulerich and Ringer, 1976). 

Based on the involvement of Cu in certain 
types of anemia and the apparent stimulatory 
effect of supplemental Cu on growth, this study 
was conducted to investigate further the role: of 
Cu in the physiology and nutrition of mink. 
Because Cu toxicity data on mink arc: lacking 
in the literature, trials were also conducted to 
determine an LDso for Cu sulfate and Cu ace­
tate. 
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Expwimental Procedure 

Feeding Study. The experiment was started 
July 6, 1979. One hundred twenty standard 
dark mink kits were assigned to five groups 
(each containing 12 males and 12 females) and 
placed on the following dietary trcarments: (1) 
basal diet3

, no supplemental Cu (control); (2) 
basal diet plus 2 S ppm Cu from Cu sulfate 4 

; (3) 
basal diet plus SO ppm Cu from Cu sulfate; (4) 
basal diet plus 100 ppm Cu from Cu sulfate; (5) 
basal diet plus 200 ppm Cu from Cu sulfate. 

Littennates were divided among the various 
groups in an effort to minimize genetic influence 
on reproduction and response to the dietary 
trearments. From the sun of the study through 

'The basal diet consisted of 25% mink cereal, 20% 
ocean fiSh scrap, 20% whole chicken, 15% beef tripe, 
7.5% beef lungs. 7.5% beef trimmings and 5% beef 
liver; "as fed" cont:a.incd 35.13% dry matter. 

• Analytic:a.l grade Cu50 4 •5H2 0, Mallinckrodt 
Chern. Co., Paris, KY 40361. 

'Seven from the control group. One control male 
died as a result of a diaphragmatic hernia (MSU Path­
ology Report No. 202919). 

• Determined by spectrophotometric method 
(Tietz, 1976). 

'Determined by cyanomethemoglobin method 
with a hemoglobinometer, Coulter Electronics Inc., 
HiaJ e:a.h, FL. 

December 1979, the animals were h 
individually in open-sided sheds in mink gro ~ 
cages (61 em long x 30.5 em wide x 31 ...... 
high) with additional. attached nest boxes(: 
em long x 16.5 em wtde x 29 em high). Dlt.t~ 
the remainder of the study, the mink w~ ~ 
in breeder cages (76.2 em long x 61 em wide 
45.7 em high) with attached nest boxes ua.~ 
em long x 29.2 em wide X 26.7 em high). 1'1l.y 
were cared for according to routine colllJIIerQu 
ranch procedures. Feed and water were p~ 
ad libitum. The animals were weighed b~ 
from July 6 through August 31, and~ 
thereafter. . ~~.._ 

Eight males from each group were~·­
December 6, 19795 

. The remaining 12 ...... 
and four males in each group were retaialllt

11 
their respective diets through July 1980-... 
evaluation of the effects of the sup~ 
Cu on reproduction and early kit growda .... 
survival. . 

Before being killed, the eight males in e:aQ 
group were weighed, and blood sampla ,._ 
taken by bean puncture for plasma Cu ~ 
and by toe clip for hemoglobin 1 and hematocrit 
detenninations. During necropsy, the Was 
were weighed and samples taken for ~ 
and histologic examination. .I>.:. 

Triplicate liver samples (-1.0 g) were~ 
in concentrated nitric acid-70% pcrchlarit tcW 
(2:1) and the Cu, Zn and Fe concenCJUioa 

TABLE 1. MEAN INITIAL BODY WEIGHTS AND BODY WEIGHTS AT 8 AND 20 WK FOR 
MINK FED VARIOUS CONCENTRATIONS OF SUPPLEMENTAL COPPERa 

Body weights (g) 

Initial 8wk 20+n 
Dietary rrcaonent No. (7/6/79) No. (8/31/79) No. ( 11/26/7'JI 

Male 
Control 12 709 12 1,525 11 1,89'7 

25 ppm supplemental Cu 12 676 12 1,425 12 1,821 
SO ppm supplemental Cu 11 701 11 1,438 11 1,831 

100 ppm supplemental Cu 12 625 12 1,351 12 1,693 
200 ppm supplemental Cu 12 650 12 1,374 12 1,753 

SE 36 46 ,. 
Female 

Control 12 517 12 909 12 1,074 
25 ppm supplemental Cu 12 563 12 937 12 994 
50 ppm supplemental Cu 12 545 12 947 12 1,061 

100 ppm supplemental Cu 12 536 12 947 12 1,06S 
200 ppm supplemental Cu 12 534 12 965 12 1,051 

SE 24 34 3S 

aFed from july 6 to November 26, 1979. 

I 
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TABLE 2. MEAN IIEMOGLOBIN, HEMATOCRIT AND PLASMA COPPER LEVELS IN MINK FED A CONTROL DIET OR SUPPLEMENTAL COPPER 

Mink fed experimental diets from Mink fed eiCperimental diets from 
116179 tO 12/6/79 716179 to 6/27/80 

Hemopobin, Hematocrit, PlumaCu, Hemoglobin, Hematocrit, 
Dietary trntmcnt No. Sex Bid I % ~ilf/dl No, Sex g/dl " 
Control 7 d 22.5 56.8 54.4 4 d 22.0 51.7 

10 9 20.9 49.5 

25 ppm supplemental Cu 8 d 22.5 55.8 78.6 4 d 21.0 52.5 
II 9 21.0 52.5 

50 ppm supplemental Cu 8 d 21.7 54.3 73.2 4 d 21.2 54.4 
12 Q 21.0 52.0 

100 ppm supplemental Cu 8 d 22.0 55.8 61.8 3 d 20.8 53.9 
12 Q 22.1 54.98 

200 ppm supplemental Cu 8 d 22.4 54.6 65.6 3 d 22.4 54.3 
II 9 20.8 52.4 

SE .3 .8 6.7 d .6 1.3 
9 .6 1.1 

8 Diffcrcnt (P<.OS) from control value for same sex. 
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were: measured with an atomic absorption 
spectrophotometer'. The liver samples taken 
for histology were fixed in neutral buffered 
formalin and embedded, sectioned and stained 
according to Uzman's (1956) method for Cu 
detection. 

In an effort to evaluate the effects of Cu 
supplementation on fur quality, we: arranged 
the pc:lts from the male mink according to color 
(darkest to lightest) and assigned numerical 
scores of 1 to 5 as follows: darkest 20%, 5; the 
next darkest 20%, 4; etcetera. 

The females were: mated with males within 
their respective dietary groups between March 1 
and 20, 1980. All matings were: confirmed by 
the presence of motile sperm in vaginal smears 
taken immediately after mating. During the 
whelping period (April 15 to May 15, 1980), 
the mated females 'were checked daily for 
evidence: of whelping. The kits were counted 
and weighed on the day of birth and at 4 wk of 
age. 

At the end of the feeding trial (June 27, 
1980), blood samples were: collected from the 
remaining animals by toe clip for hemoglobin 
and hematocrit determination. 

Body weight comparisons were made with 
initial body weight as a covariate. Differences 
between means were determined using Dunnett's 
test on the adjusted treatment means. 

Acute Toxicity. During November, 1979, an 

1 Model 453, Instrumentation Laboratory, Inc., 
Wellington, MA. 

attempt was made to determine oral 1.0 
values for Cu sulfate (CuSO··~H1 Q) and~ 
acetate [ Cu(Cl H3 01 h · Hl OJ m mink. Otou 
dosing (by gavage) of mink with either ~ 
po~nd, how~er, was no~ fe~ble because dw 
ammals consiStently vom1ted lmmediatety lfttr 
dosing. Thus, an alternate method of d . 
consisting of ip injection of the Cu compo~ 
was selecced for the LDso trials. 

Forty four previously untreated, ~ 
dark, 6-mo-old mink were used in the tea Tbt 
compounds to be administered were d~ 
in distilled water to provide concentrations t 
injection into the peritoneum of the mink : 
not more than 1 ml in volume. lntrapcritoeeal 
injections of distilled water or sodium su.lfatc 
were administered to mink as a control 

Results and Discussion 

Feeding Trial. Atomic absorption ~ 
photometric analysis revealed that the COJUrW 
diet contained 60.5, 329.7 and 327.7 ppm(., 
weight basis) of Cu, Zn and Fe, respectively. No 
Cu or Zn was detected in the drinlcinJ waca 
although it contained .S ppm Fe. A Cu req-: 
ment for mink has not been established, b.t 
ac:ording to N. Glcrn Hansen (personal allft· 

municarion), 4.5 to 6 mg Culkg dry feed . 
considered adequate. 

Supplemental dietary Cu at lc:vcis up to 20o 
ppm did not stimulate mink body weight pillt 
during the postwc:aning growth period (tiWr 
1 ), as had previously been observed with IIWr 
mink, as well as other species. However, thr 
Cu-supplemented diets did not have lDY ob­
served toxic effects on the adult animals eithft. 

TABLE 3. MEAN LIVER WEIGHT AND MEAN LIVER COPPER, ZINC AND IRON CONCENTRATIONS 
IN MALE MINK FED VARIOUS LEVELS OF SUPPLEMENTAL COPPER& 

Dietary trcaanent 

Control 
25 ppm supplemental Cu 
SO ppm supplemental Cu 
100 ppm supplemental Cu 
200 ppm supplemental Cu 

Sc 

No. 

7 
8 
8 
8 
8 

aFed from july 6 to December 6, 1979. 

bExpressed as a percentage of body weight. 

cDiffcrent (P<.OS) from control value. 

Liver 
weight, '!lob 

2.69 
2.61 
2.76 
2.85 
2.56 

.17 

Liver concenrration (ppm, dry ..... 

Cu Zn Fe 

293 507 1,19~ 

340 504 I. I !I 
411 488 1.1•' 
364 516 I.JOI 
479C 530 l.lt' 

35 23 IU 
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EFFECTS OF SUPPLEMENTAL COPPER ON MINK 

TABLE 4. AVERAGE PELT COLOR SCORES FOR 
MALE MINK FED VARIOUS LEVELS OF 

SUPPLEMENTAL COPPER a 

Dietary tRaanent 

Control 
25 ppm supplemental Cu 
50 ppm supplemental Cu 
100 ppm supplemental Cu 
200 ppm supplemental Cu 

No. 

7 
8 
8 
8 
8 

Avg pelt 
color sco~b 

3.0 
2.2 
2.9 
3.5 
3.6 

'Fed from July 6 to December 6, 1979. 

bMink pelts were graded on a s.cale of 1 (lightest) 
10 5 (darkest). The darkest 20'11. were assigned a score 
ol S; the next darkest 20'11. a score of 4 ... etcetera. 

which suggests that mink may be among the 
ID<ft Cu·tolcnnt species. Rats and swine have 
beeD reported to tolerate up to 250 ppm 
~ Cu, but other species, especially rumi· 
DaDO, arc considera.6ly less tolerant of Cu 
(Buck ct al., 1976). 

The Cu supplementation of the diets had no 
influence on the hematocrit or hemoglobin 
~ucs of the pelted males, although slighdy ele­
vated plasma Cu concentrations were detected 
ill the treated mink (table 2). These plasma Cu 
Cooeentrations were, however, within the 
Dormal range (.5 to 1.5 s,tg/ml) for most species 
<Bull, 1980). 

The liver weights of the pelted males were 
Dot affected by supplemental dietary Cu (table 
)). Although microscopic examination of liver 
leetions stained with Uzman 's stain failed to 
re.ea1 any significant deposition of Cu in the 
treated males, atomic absorption spcctrophoto­
~showed that the Cu concentrations in the 
.. tra" {table 3) were considerably greater than 
ftonnal fof most adult nonruminant animals 
(JO to t~9 ppm Cu, dry basis; Bull, 1980), but 
"ere witliin the broad range reported by Fisher 
U97S). Because the liver is one of the main or· 
Pns involved in the storage and metabolism of 
~·.liver Cu concentration might be considered 
lftdJcative of an animal's Cu status. Although 
Ol\ly the liver Cu levels of the mink fed 200 
PPm Cu were greater (P<.05) than those of the 
e:;'trols, there was a positive correlation of 

{ ""~~.between the dietary Cu level and liver Cu 
~1· These data suggest that mink may be 

ltor ar . to sheep and swine in that liver Cu 
~ Increase in proportion to dietary Cu 
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342 AULERICH ET AL. 

intake (Sunlc and Mills, 1966). Rats on the 
ocher hand, arc reported to maintain normal 
liver Cu levels until a high (1,000 ppm) dietary 
level is reached (Milne and Wcswig, 1968). 

Although no differences in liver Zn or Fe 
levels were found among the mink fed the 
various levels of Cu, Sunle and Mills (1966) 
noted that Cu supplementation increased liver 
Zn concentrations in _swine. These researchers, 
and others (Bunch et al., 1963; DeGocy ct al., 
1971), have also observed that low dietary Zn 
and Fe levels tend to accentuate Cu toxicity. 
Thus, the observed tolerance of mink for 
dietary Cu may be influenced by complicated 
interactions between Cu and other clements, 
such as Mo, Zn, Fe and S. 

Although the average fur color scores of 
those males pelted (table 4), suggest that 
"high" levels of supplemental Cu may have a 
beneficial effect on intensifying hair color of 
dark mink, these results are based on a limited 
number of observations and additional cxpcri· 
mcnts arc being conducted to verify this 
finding. 

The reproductive performance of the female 
mink fed the Cu-supplementcd diets is summar· 
ized in table S. In general, the ovcnll pcrfonn· 
ancc of the control mink was superior to that 
of mink fed supplemental Cu. However, except 
.for; . the trend toward greater kit mortality 

between birth and 4 wk of age and the ~ 
litter mass at weaning with incrased Cu 
mentation, the characteristics measured~ 
fo~ the most. part, within the _normal rznce for 
mmk. Gestanon length and kit weight at bird. 
were not adversely affected by the d" 
trea~ments. _The greater kit mortality duriz!a~ 
nursmg pertod and the reduced litter 

1111111
· 

weaning, however, suggest that the higher~ 
of supplemental Cu may have had an ~ 
affect on lactation. ., ; 

Acute Toxicity. Levels of the com~ 
administered, mortality rates and le~. tl 
surviVlll of the mi~k that died during ~~ 
posttreatment pertod are shown in ~i: 
Within 2 min after dosing, almost IJPC 
Cu·trcated mink attempted to vomit. 'fteJ 
salivated profusely and became lethargic, .,... 
~:m either their sides or backs and mOYiJ!c '.II, 
tf f~rced to do so. The Cu·treated milll"lfiit 
survtved were usually "off feed" for lftlli 
days and ~ll recovery_ was slo~, as indi~ 
a decrease m body wetghts dunng the ~ 
ment period. Although the sodium sulfate lliJie. 
tions administered for control purposc:FWiit 
not lethal, the animals did show a loss· ill~ 
weight during the 21-d posttreatment otJ.eni. 
tion period. All mink that died from Cu .,.._. 
ing showed profuse hemorrhaging th~ 
the body when necropsied. :r'-3· ,_ 

·:::~.­

·;.-.. 

TABLE 6. ACUTE TOXICITY OF COPPER SULFATE AND COPPER ACETATE 

oosca No. died/ 
Compound mglkg no. treated 

Copper sulfate oc 0/6 
3.1 "0/6 
6 .. 2 216 
9.4 4/6 

12.5 616 
25.0 616 

Sodium sulfate 14.2 0/2 

Copper acetate 5 1/2 
10 2/2 
20 2/2 

alntraperitoncal. 

bup to 21 d posttreatment. 

c_5 ml distilled water injected ip. 

Moru.iityb, 

"" 
0 
0 

33.3 
66.7 

100 
100 

0 

50 
100 
100 

Mean length of 
survival of animals 
that died, d 

7 
4.25 

<1 
<1 

2 
<1 

1.5 

Meanbodyweipc 
pin (or loa) ol_.. 
that survived ro 11~ 
posttrcatmCDt, 1 

48.3 
(- 54.2) 
(- 61.3) 
(-122.5) 

(- 90) 

(- 30) 

I 

I 
• 
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I 
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The acute (21~) ip LD50 for Cu sulfate, as 
dctennineq by the method of Litchfidd and 
WiJc:oxon (1949), was 7.5 mg/kg, with a 95% 
-c:o11fidence interval of 5.2 to 10.9 mglkg. The 
~uation for the slope of the regression line was 
Y • -33.36 + 10.67 X, where Y = percentage 
morulity and X = dosage in mglkg body 
weight. The LD 5o for the Cu acetate was 5.0 
mgllcg, with a 95% confidence interval of 2.1 to 
1 2.0 mglkg. The regression equation for the 
dope of the line was Y = 25.00 + 5.00 X. 
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