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Preface

Dear reader,

Scientifur Volume 36, No. 3/4 is the proceedings from the IFASA 2012 congress held in 
Copenhagen, Denmark in 21-24 August 2012 and hosted by Kopenhagen Fur. As editors we 
were pleased to have received 88 abstracts for IFASA 2012 congress. We were even more thrilled 
that the majority of scientists wanted to give an oral presentation of their work to their colleagues, 
even though this challenged the group of editors with the difficult task of disappointing some. 
We have therefore made an effort to give ample time and good location for the many poster 
presentations, in order to make room for thorough reading and discussion of results presented in 
this way. These proceedings contain the revised papers within the topics: Nutrition, feeding and 
management, Health and disease, Breeding, genetics and reproduction, Behaviour and welfare, 
and the theme on ‘WelFur for mink and foxes’. Finally, some contributions in the form of short 
communications are presented in Part 6. The reviews have focused on making results clear and 
easy to understand. The content is the responsibility of the author and has not been part of 
Scientifur’s paper review process.

We would like to thank all of the people who have made the Xth International Scientific Congress 
in Fur Animal Production possible in Copenhagen, Denmark. We hope you will enjoy the 
congress as well as the proceedings!

The editors
Peter Foged Larsen
Steen H. Møller
Tove Clausen
Anne Sofie Hammer
Tor Mikael Lássen
Vivi Hunnicke Nielsen
Anne-Helene Tauson
Leif Lau Jeppesen
Steffen W. Hansen
Jan Elnif
Jens Malmkvist
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Part 1. Nutrition, feeding and management

Protein digestibility of some traditional and new feed ingredients 
for mink

Ø. Ahlstrøm1, M. Tjernsbekk1 and A-H. Tauson1,2
1Department of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, Ås, 
Norway; 2Department of Basic Animal and Veterinary Sciences, Faculty of Life Sciences, University 
of Copenhagen, Denmark; oystein.ahlstrom@umb.no

Abstract

The study comprised 19 protein sources, four meals made from salmon by-products, three 
enzyme-hydrolyzed protein concentrated products made from salmon by-products, two fish 
meals, three krill meals, two poultry meals, one lamb meal, raw poultry by-products, raw cod 
scraps, raw eggs and cooked eggs. Protein digestibility was measured in adult male mink. Protein 
digestibility was significantly different among the sources, it was highest for one of the hydrolyzed 
salmon protein concentrates, 91.4% (SD 0.5), and lowest for the lamb meal, 64.9% (SD 1.2). 
Within the different categories of protein meals (salmon by-products meals, the hydrolyzed by-
products, krill meals) there were also significantly differences in protein digestibility. Some of 
these products revealed similar chemical content and protein digestibility as high quality fish 
meal, but some did not. Raw egg white has been shown to reduce protein digestibility in young 
dogs. No difference in protein digestibility between raw and cooked eggs was observed in mink. 
Generally, the raw protein sources revealed digestibility coefficients between 85 and 90%, while 
most of the meals revealed values between 75 and 85%. The study showed that animal derived 
meals most often have protein digestibility around 80%, but variation can be large and digestibility 
studies are needed to have exact information on each protein ingredient.

Keywords: protein sources, salmon by-products, krill meal, raw egg

Introduction

Numerous raw materials with various origin, conservation and storage are involved in fur animal 
feeding. Animal by-product ingredients have been the basis for the feed production because of 
the high value nutritional value and palatability for foxes and mink. These ingredients include 
fresh, frozen stored, acid preserved and dry meals made of raw materials of animal origin. Some 
of these raw materials have no other alternative use but destruction. The flexibility in choice of 
ingredients is high in fur animal production because the commercial product is none-food and 
concerns regarding product quality as in human food productions are not considered. Moreover, 
wet feed production allows for utilization of both wet and dry ingredients and the rapid turnover 
of the feed opens for short time changes in the ingredient composition if necessary. The feed 
industry will always search for new and cheaper feed raw materials and the market price will be a 
main decisive factor for which raw materials to be used. Nutritional quality is the important factor 
to take into consideration before new ingredients are incorporated into the feed. Protein supply, 
which is a main nutritional focus in fur animal production, is dependent on amino acid level, 
amino acid composition as well as digestibility. Digestibility values will directly affect the amino 

P.F. Larsen et al. (eds.), Proceedings of the X th International Scientific Congress in fur animal production, 
DOI 10.3920/978-90-8686-760-8_1, © Wageningen Academic Publishers 2012 
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acids and energy supplied by the protein source. Protein digestibility is therefore an important 
factor in the evaluation of protein quality of feed ingredients.

Our study aimed at making screening of protein content and protein digestibility in some 
traditional and some new potential ingredients in fur animal feed. The inclusion of the traditional 
ingredients in study was done to make good a set of comparisons with the new ingredients.

Material and methods

Animals and diets

The digestibility study comprised 19 protein ingredients; four meals from salmon by-products 
(Marine Harvest, Bergen Norway), three enzyme hydrolyzed protein concentrate meals made of 
salmon by-products (Marine Bioproducts, Storbø, Norway), two fish meals (Nordsildmel, Bergen, 
Norway), three krill meals (Aker Biomarine, Oslo, Norway), one lamb meal (Norsk Protein, 
Ingeberg, Norway), two poultry meals (Meal A, low ash, Gepro, Diepholz, Germany, Meal B, Norsk 
Protein, Ingeberg, Norway), raw poultry by-products (deboned chicken meat, Prior, Rakkestad, 
Norway), raw cod scraps (Fryserienes Fôromsetning, Tromsø, Norway) and raw eggs and cooked 
eggs. The protein ingredients were added as the only protein source in the experimental diets. 
The other ingredients were soybean oil, precooked corn starch, cellulose powder, vitamin/mineral 
mixture and water. Protein, fat and carbohydrate accounted for approximately 32, 35 and 33% of 
dietary dry matter content in the experimental diets, respectively.

A group of 24 adult males of the black genotype (>6 months) comprised the experimental animals 
at the laboratory. Body weights (BW) of the males were between 2.0 and 2.5 kg. Four males 
were given each of diets and digestibility was calculated as the mean of the four replicates. Daily 
feed allowances were planned to approximately meet the maintenance metabolizable energy 
(ME) requirement. Daily rations were approximately 150 g per day corresponding to 60-65 g dry 
matter. The mink was kept in standard cages equipped for quantitative collection of faeces and 
separation of urine. The animals were fed once daily and had free access to drinking water. The 
experiment lasted for seven days of which the three first was an adaptation period. During the 
four last days the feed intake were measured precisely and faeces were collected daily. Faeces were 
kept frozen stored during the experiment and freeze dried before analysis.

Apparent protein digestibility was calculated quantitatively using this formula:

Digestibility (%) = ((Protein consumed – Protein excreted in faeces)/(Protein consumed) ×100

Chemical analyses

Samples of protein sources and faeces were analysed for dry matter (by heating at l05 °C for 
16-18 h), ash (by combustion at 550 °C to constant weight), crude protein as nitrogen×6.25 (by 
the semi-micro-Kjeldahl method, Kjeltec-Auto System, Tecator, Sweden), fat (by diethylether 
extraction in a Fosstec analyzer (Tecator, Sweden) after HCl-hydrolysis.
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Statistics

Differences in protein digestibility were tested by analyses of variance (GLM procedure by SAS) 
and difference between sources were tested with Students T test. Significant differences between 
products were set at P<0.05.

Results and discussion

All the digestibility experiments were carried out without any problems and the feed intakes 
were close to 100% for all diets. Thus, palatability of all the protein sources was satisfactory. The 
standard deviations in protein digestibility were minor among animals given each diet, mainly 
equal or less than 1.0 (Table 1).

Chemical content and digestibility

The four salmon by-products meals was produced from partly viscera and partly scraps. 
According to the producer the mixture of viscera and scraps were random and not identical 

Table 1. Chemical content (g/kg), apparent crude protein (N*6.25) digestibility (%). Standard deviation in 
parentheses. 

Product Dry matter Ash Protein Fat Protein digestibility1

Salmon meal A 900 82 528 237 81.8 (0.6) f
Salmon meal B 918 118 644 100 74.7 (0.8) g
Salmon meal C 929 126 576 182 80.0 (1.4) f
Salmon meal D 923 115 622 161 84.4 (0.6) e
Hydrolyzate A 928 115 646 161 84.7 (1.2) de
Hydrolyzate B 597 64 519 12 91.4 (0.5) a
Hydrolyzate C 934 108 823 6 89.9 (0.9) ab
Norse LT 94 928 130 699 92 87.9 (0.5) bc
Norseamink 908 145 695 76 81.5 (0.6) f
Krill meal A 900 82 528 237 81.7 (1.0) f
Krill meal B 918 118 644 100 85.1 (0.6) de
Krill meal C 943 117 663 80 76.1 (1.0) g
Poultry meal A 938 110 658 139 80.9 (1.7) f
Poultry meal B 952 127 601 167 67.4 (1.8) i
Lamb meal 933 205 563 120 64.9 (1.2) h
Raw cod scraps 279 58 202 8 85.2 (0.4) de
Raw poultry by. 403 21 153 205 88.2 (0.9) bc
Raw eggs 352 11 100 77 86.8 (0.6) cde
Raw boiled eggs 362 11 101 81 87.4 (0.5) cd

1 Different letters with protein digestibility values indicate significant difference (P<0.05).
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among the batches of meal. Viscera contain more fat and less protein and ash compared with 
scraps. The chemical content analyses among the four meals confirmed that mixture of the two 
ingredients varied. Protein content varied from 528 to 622 g/kg and fat content from 100 to 237 
g/kg and ash from 82 to 126 g/kg (Table 1). Compared with the guaranteed chemical content of 
Norse LT 94 and Norseamink qualities of fish meal, the protein levels of the salmon meals were 
lower. The minimum guaranteed protein content of Norse LT 94 and Norseamink is 680 g/kg 
and the typical content is even higher, 710 g/kg. Regarding the fat and ash content, Norse LT 
94 and Norseamink have maximum guaranteed fat content of 115 g and 130 g/ kg, respectively, 
and a maximum ash content of 140 g/kg. Only Salmon meal B obtained such low fat content, 
while all four salmon meals had lower ash content than 140 g/kg. The protein digestibility varied 
among the salmon meals (Table 1). High ash content is known to be an indicator of low protein 
digestibility because of increased proportion of protein from structural proteins such as collagen 
from connective tissue and bone (Skrede, 1979a). No such relation was observed with the four 
salmon meals, but the ash content was generally low for all the salmon meals in the present study 
compared with other type by-product meals made of cod scraps (Ahlstrøm et al., 2004). The 
variation in chemical content and protein digestibility for the salmon meals suggests that the 
quality of these meals was not as high as for Norse LT 94, but comparable to that of Norseamink.

The enzyme-hydrolyzed protein concentrated products were made of similar by-products from 
salmon as the meals described above. Two of them were meals and one was a liquid, hydrolyzed 
protein B. (Table 1). The hydrolyzed proteins are mainly used in pet-foods to provide higher 
protein digestibility in special purpose foods. The chemical compositions for the three products 
were in accordance with the product declarations given by the producer. Previous tests carried 
out by the producer have showed protein digestibility values of more than 90% in mink and 
roosters. However, our study revealed somewhat lower digestibility values, but still the highest 
among the products in the present study.

Norse LT 94 and Norseamink are produced from raw, whole fish that is cooked, pressed, 
dried and milled. The raw material is gently dried to avoid any heat damage that may reduce 
protein digestibility. Norse LT 94 have a minimum biological protein digestibility of 90% (true 
digestibility in mink), while the Norseamink quality meals have somewhat lower digestibility 
(Ahlstrøm et al., 2004). The batches of Norse LT 94 and Norseamink meal that were included in 
the present experiment revealed declared values for chemical content and protein digestibility, 
except for slightly higher ash content than maximum level for the Norseamink fishmeal. The 
protein digestibility value given for the Norse LT fishmeal is the apparent value (Table 1). If true 
digestibility is estimated by applying endogenous protein factors determined by Skrede (1979b), 
digestibility will be higher than 90% in accordance with the declaration.

Utilization of Antartic krill (Euphasia superba) has increased during the last decade because 
higher demand for marine protein and fat sources. The three krill meals included in our study was 
produced at sea on the vessel. Two of the meals were defatted (B,C) and therefore contained more 
protein and less fat than the crude meal (A). Krill meal A revealed fairly similar chemical content 
as found in a recent published study by Øvrum Hansen et al. (2010). Protein digestibility varied 
significantly among the meals in our study, from 76.1 to 85.1%. The reason for this variation is 
not clear, but it could be caused by different content of krill shells that have been shown to reduce 
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protein digestibility in Atlantic salmon (Øvrum Hansen et al., 2010). When comparing the krill 
meals with the other protein sources in this study, they had comparable chemical content and 
protein digestibility as the salmon meals.

The chemical composition of the poultry meals A and B was similar, but the protein digestibility 
was much lower for poultry meal B. The most likely reason for the difference was the temperature 
during heat treatment. Poultry meal B was heat treated at 133°C, while the drying temperature 
for poultry meal A was not known, but it was probably considerably lower than that of poultry 
meal B. Similar to poultry meal B, the lamb meal had gone through the same harsh heat treatment 
and came out with even lower protein digestibility. The chemical content and protein digestibility 
of poultry meal B and the lamb meal is typical for meat-and bone meal (Ahlstrøm et al., 2004; 
Cramer et al., 2007). These two products revealed the poorest protein digestibility in the present 
study. Moreover, the amino acid composition and digestibility (not presented) revealed that these 
ingredients cannot be applied as the only protein sources in fur animal feed.

The chemical composition and digestibility of the raw cod scraps were typical and similar to results 
from other reports (Skrede, 1979; Ahlstrøm et al., 2004). The low fat content and high protein 
content make this ingredient very useful for regulation of protein level of fur animal feed. In 
contrast, the raw poultry by-products contained more fat than protein and is therefore primarily 
a fat source. Both these ingredients showed very high protein digestibility in comparison with 
the different types of meals.

Protein digestibility of raw and cooked eggs was carried because previous studies in young dogs 
have indicated poor protein digestibility of raw eggs because of an anti-trypsin factors present 
in raw egg white, but not in cooked (Lineweaver et al., 1947). Since the use of raw eggs in mink 
nutrition only has been an issue due to the content of avidin that can destroy biotin, we wanted 
to examine whether protein digestibility also was affected. The results showed no difference in 
protein digestibility between raw and cooked eggs in mink.

Conclusions

Protein sources such as salmon meals, enzyme-hydrolyzed protein concentrates and krill meals 
reveal high protein digestibility in mink. The study confirmed that most animal derived meals 
have protein digestibility around 80%, but variation can be large and digestibility studies are 
needed to have exact information on each protein ingredient.
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Abstract

An experiment was carried out to examine the effects of low-protein diets supplemented with 
different levels of DL-methionine (Met) and Lysine (Lys) on growth performance of growing-
furring blue foxes in order to find the optimal dietary supplementation levels of Met and Lys. For 
two protein levels, conventional 27% (P27) and low 19% (P19) on dry matter basis, respectively, 
and the low-protein diets were supplemented with Met (0.3%, 0.5%, 0.7%) and Lys (0.4%, 0.6%, 
0.8%). An entirely random experimental design was adopted with two factors (3×3) and totally 
10 groups (P27, L1M1, L1M2, L1M3, L2M1, L2M2, L2M3, L3M1, L3M2 and L3M3). From mid-
September to pelting, based on the average daily gain, daily N retention, N retention ratio and 
the performance of blue foxes in different groups, 0.6% Met supplementation in low-protein 
diet was optimum; based on the daily N retention, N biological value and the quality of the fur, 
0.3% and 0.5% Lys supplementation were optimum; based on the N apparent digestibility and 
daily N output, 0.3% Lys supplementation was optimum. In this experiment, the performance 
of blue foxes in L1M2 0.3% Lys×0.6% Met group was better than that in the other groups, which 
indicates that low-protein diets supplemented with DL-methionine and lysine for blue foxes can 
be beneficial to reduce feed expenses and nitrogen emission to the environment.

Keywords: low-protein; growth performance; fur characteristic; blue fox (Alopex lagopus)

Introduction

Blue fox (Alopex lagopus) is by nature a carnivorous species with a high protein requirement, 
and diets used in commercial blue fox production characteristically contain high levels of animal 
protein. Feed constitutes the greatest individual item of cost, amounting to 50% of the total 
production costs in fox farming (Hernesniemi, 2000). As protein is the most expensive dietary 
nutrient, any reduction in protein level contributes to a saving in production costs, and moreover, 
to a reduction in nitrogen emission. In the light of findings in growing-furring silver foxes, Harris 
et al. (1951) concluded that 28% of protein in dry matter (DM) was sufficient for growth as that 
in higher protein levels. A reduction in protein levels, from 45% to 22% of metabolic energy 
(ME), was reported not to affect body weight. However, a protein level below 28%-30% of ME 
significantly reduced body length at pelting (Rimeslåtten, 1976). The established blue fox nutrition 
requirements do not contain any data on amino acids. In mink, another carnivorous fur-bearing 
animal, researches on dietary protein and amino acids are intensive (Kerminen-Hakkio et al., 
2000). These studies displayed that methionine (Met) was the first limiting amino acid for hair 
growth and thus for fur quality, and Lys was the second limiting amino acid. There were some 
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experiments which confirmed that animals fed diets of low-protein with some essential amino 
acid supplementations had no significant differences in their growth performance compared with 
those fed conventional diets (Kerr et al., 1995). Earlier feeding experiments showed that it was 
possible to decrease the recommended protein level during the growing-furring season of blue 
foxes (Dahlman et al., 2002; Koskinen et al., 2005). The crucial point of this study is to evaluate 
the growth performance, N balance and fur characteristics of blue foxes fed low-protein diets 
supplemented with Met and Lys during the growing-furring period, and to quantify the optimal 
supplementation levels of amino acids in the low-protein diets.

Materials and methods

The experiment was carried out at the Fur Animals Experiment Station of Institute of Special 
Animals and Plants Sciences of the Chinese Academy of Agricultural Sciences (44° N, 126° E) in 
Northeast China during the period from September 27 to December 13.

Diet

Foxes were fed two protein levels: conventional 27% (Control) and low 19% (Basal experimental 
diet) on dry matter basis (Table 1), and the low-protein diets were supplemented with Met (M1 
0.3%, M2 0.5%, M3 0.7%) and Lys (L1 0.4%, L2 0.6%, L3 0.8%).

Animals and experimental design

One hundred and twenty male blue foxes were selected with similar weight (5.34±0.57 kg) from 
different litters in an attempt to minimize genetic variation. The animals were allotted to 10 
treatments of 12 animals each and fed twice a day at 08:00 and 16:00. Water and experimental diets 
were provided for ad libitum consumption throughout the trial. Before the formal experiment, 
the animals were accustomed to the experimental feed for two weeks. The N-balance experiments 
were carried out with eight 21-week old male blue foxes from each treatment group. The feces 
and urine collection period lasted for 3 days.

Chemical analyses

The chemical compositions of feed and feces were analyzed by standard methods. Dry matter 
(DM), ash, crude protein (CP), calcium, and phosphorus contents were analyzed according to 
AOAC procedures. The calculation of ME content and the proportional composition of ME were 
based on the digestibility coefficients achieved and the following ME values: protein 18.8 MJ/kg, 
fat 39.8 MJ/kg and carbohydrate 17.6 MJ/kg.

Calculations and statistical analyses

Statistical analyses of experimental data were performed with the general linear model (GLM) 
procedure of the SAS statistical package.
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Results

Feed intake and growth performance

The ADFI values were affected by Lys levels (P<0.01), and were higher in L1 and L2 than in L3. Final 
body weight, average daily gain (ADG), body length and dry fur length were similar among the 
groups (P>0.05, Table 2). Different Met and Lys levels did not affect the ADG (P>0.05), L1M2 was 
the highest one. There was no Met effect or Met-Lys interaction on the ADFI and ADG (P>0.05).

N-balance

Daily N intake, urine nitrogen (UN) and N retention were significantly affected by dietary protein 
levels with amino acid supplements (P<0.01, Table 3). N intake was affected by different levels 
of Lys (P<0.01), and L2 group was the highest one. Fecal nitrogen (FN) of the control group was 
higher than most low-protein groups, except for L2M2, L2M3 and L3M1 (P<0.05). Different 

Table 1. Composition nutrient levels of the diets (DM basis) %.

Ingredients Control diet Basal experimental diet

Extruded soybean 18.0 20.0
Extruded corn 34.0 42.0
Soybean meal 9.0 5.0
Bone and meat meal 10.0 6.0
Corn germ meal 7.5 10.0
Fish meal 16.0 12.0
Lysine 0.4
DL-methionine 0.6
Soy oil 3.5 4.0
Premix1 1.0 1.0
Total 100.0 100.0

Crude protein 27.12 19.01
Fat 10.22 10.59
Carbohydrates 45.65 52.28
ME/(MJ/kg) 17.20 16.99
Lys 1.38 1.22
Met 0.63 0.59
Cys 0.43 0.40

1 The premix provided the following per kg of diet: Ca(as CaHPO4·2H2O), 6.4mg; P(as Ca(H2PO4)2 ·H2O), 4.4mg; 
Mg(MgO), 1.6mg; Na (NaCl), 24mg;Fe (as FeSO4·H2O), 16 mg; Cu (as CuSO4·5H2O), 4.0 mg; Zn (as ZnSO4·H2O), 10 mg; 
Mn (as MnSO4 ·H2O), 12mg; VA, 300 IU; VB1, 0.15 mg; VB2, 0.40 mg; VB6, 0.30 mg; folic acid, 0.30 mg; nicotinic acid, 
1.60 mg, D-pantothenic acid, 1.3 mg.
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levels of Met and the interaction between Lys and Met had no effects on N intake, N retention, 
FN and UN of different groups (P>0.05). Different Lys levels had significant effects on UN of each 
group (P<0.05), and L1 and L2 groups were the highest and the lowest, respectively. N retention 
was the highest in the M2 level.

Discussion

Feed intake and growth performance

Feed intake can be affected by many factors, including animal growth period, feed energy, the 
balance of amino acids and other nutrients, palatability, ion concentrations in intestines, and 
feedstuff digestibility and so on. Feed intake of some animals would be reduced if protein in diets 
was absent (Han and Kong, 2007), and this may induce the synthesis of digestive enzyme being 
decreased and the body protein being broken down. Chickens and rats can slightly improve their 

Table 2. Effects of low-protein, Lys and Met-supplemented diets on performance of blue foxes.

Treatment1 Final weight 
(kg)

ADG (g/d) ADFI (g/d) Body length 
(cm)

Dry fur length 
(cm)

Control 8.69±0.67 55.67±6.71 334.88±5.37CD 67.12±2.70 107.14±2.97
L1M1 8.57±0.44 53.61±5.33 350.48±29.04BC 64.88±1.81 105.29±2.75
L1M2 8.79±0.84 57.51±5.27 364.93±14.17AB 68.44±2.72 106.67±3.20
L1M3 8.71±0.81 56.90±8.21 355.73±17.33BC 67.38±2.50 105.83±2.04
L2M1 8.77±0.49 57.17±7.62 350.92±14.01BC 67.25±2.43 107.43±4.03
L2M2 8.65±0.83 55.17±4.93 382.02±19.68A 67.81±2.70 105.86±4.10
L2M3 8.43±0.46 51.33±4.12 359.76±16.02B 68.62±2.67 105.57±2.30
L3M1 8.52±0.84 53.00±4.74 335.80±20.31CD 67.62±1.41 102.14±4.85
L3M2 8.64±0.48 54.83±5.17 327.11±13.80D 67.00±1.51 106.57±2.82
L3M3 8.44±0.49 51.71±10.80 323.15±24.49D 66.38±2.00 104.43±2.37
L1 8.69±0.69 55.78±6.27 356.99±20.18A 67.90±2.34 105.90±2.66
L2 8.61±0.59 54.56±5.55 356.31±16.57A 67.90±2.60 106.29±3.47
L3 8.53±0.60 53.11±6.90 328.83±19.46B 67.00±1.64 104.38±3.34
M1 8.69±0.59 55.83±5.89 341.20±20.12 67.75±1.88 104.95±3.87
M2 8.62±0.71 54.67±5.12 351.00±15.83 67.58±2.31 106.35±3.37
M3 8.53±0.58 52.94±7.71 346.21±19.21 67.46±2.39 105.25±2.23
P-value C & T 0.1524 0.3959 0.0001 0.0001 0.8981

Lys 0.8341 0.5886 0.0004 0.0010 0.7133
Met 0.6165 0.8514 0.2125 0.2685 0.9031
Lys×Met 0.2613 0.8433 0.2303 0.3311 0.5597

1 The values are the mean±SD, and each of the estimated requirement levels is based on 8 blue foxes. C & T means the 
control group compared with the other groups. In the same column of the same stage, values with different capital 
letter superscripts mean significant difference (P<0.01).
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intake to compensate the shortage of amino acids when fed the diets with inadequate amino acids 
(Yan, 2009). The ADFI of this study was affected by different diets and may be influenced more 
by different dietary Lys levels. Our results suggested that supplemental Met could improve the 
biological value of low protein diets for blue foxes, which shows good agreement with Dahlman’s 
results (Dahlman et al., 2002). Our results were also consistent with the results reported in swine 
and poultry that free amino acids are used as efficiently as protein-bound ones, and it is therefore 
possible to obtain the same performance with low-protein, amino acid-supplemented diets as 
with high-protein controls (Gruber et al., 2000; Roth et al., 2001).

The development of hair and the quality of fur were crucially affected by dietary factors in later 
growing-furring period of mink in recent studies (Rasmussen and Borsting, 2001). In our study, 
there were no significant differences observed in body length and dry fur length. Body length of 
L1M2 and L2M2 (68.44 and 68.62 cm, respectively) was higher compared with other groups. In 

Table 3. Effects of low-protein, Lys and Met-supplemented diets on N-balance of blue foxes.

Treatment1 N intake  
(g/d)

FN  
(g/d)

UN  
(g/d)

N retention 
(g/d)

N apparent 
digestibility%

Control 13.55±0.22A 4.68±0.40abc 5.16±0.59A 3.74±0.24A 67.31±3.28A

L1M1 11.16±0.89BC 4.07±0.89c 3.75±0.65BC 3.34±0.37A 63.64±6.28AB

L1M2 10.88±0.49CD 4.20±0.85c 3.58±0.28BCD 3.10±0.71AB 61.44±7.31BC

L1M3 10.69±0.52CDE 4.22±0.66c 3.46±0.75BCD 3.19±0.52A 60.58±5.39BCD

L2M1 11.13±0.44BC 4.38±0.41bc 3.82±0.28B 3.24±0.52A 60.73±2.36BCD

L2M2 11.87±0.59B 5.19±0.65a 3.41±0.59BCD 3.35±0.66A 56.29±2.58CDE

L2M3 11.32±0.50BC 5.09±0.81ab 3.46±0.67BCD 3.08±0.90AB 55.12±6.32DE

L3M1 10.30±0.45DE 4.78±0.53abc 3.30±0.31BCD 2.22±0.66C 53.61±4.44E

L3M2 10.21±0.49DE 4.16±0.38c 2.99±0.83D 2.98±1.28ABC 57.70±2.10CDE

L3M3 9.96±0.81E 4.47±0.46abc 3.05±0.67CD 2.35±0.50BC 55.07±2.75DE

L1 10.91±0.63A 4.16±0.80A 3.58±0.56a 3.21±0.53A 61.40±6.32A

L2 11.45±0.51A 4.91±0.62B 3.46±0.51ab 3.22±0.69A 56.92±3.75B

L3 10.16±0.58B 4.47±0.45AB 3.1±0.60b 2.50±0.81B 55.48±3.09B

M1 10.88±0.59 4.40±0.61 3.53±0.41 2.95±0.51 59.09±4.36
M2 11.02±0.52 4.53±0.62 3.32±0.56 3.15±0.88 58.51±3.99
M3 10.68±0.61 4.60±0.64 3.31±0.69 2.90±0.64 56.56±4.82
P-value C & T 0.0001 0.0357 0.0001 0.0043 0.8318

Lys 0.0001 0.0014 0.0308 0.0024 0.2880
Met 0.2569 0.6453 0.4615 0.5277 0.9035
Lys×Met 0.3375 0.0802 0.9639 0.4467 0.4931

1 The values are the mean±SD, and each of the estimated requirement levels is based on 8 blue foxes. C & T means 
the control group compared with the other groups. In the same column of the same stage, values with different small 
letter superscripts mean significant difference (P<0.05), with different capital letter superscripts mean significant 
difference (P<0.01).
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an earlier study of blue foxes, low-protein diets added with Met, Lys, or both, did not affect fur 
quality compared with high-protein control group (Työppönen et al., 1987). These results were 
consistent with previous studies that Met supplementation improved the overall fur quality of 
blue foxes fed the lowest protein diet (Dahlman et al., 2002), and brought them up to the level of 
animals in the highest protein diet group.

N-balance

N intake was decreased with dietary protein level being reduced. It may be related to the increased 
dietary content of extruded corn. The results were consistent with earlier findings (Jongbloed 
and Lenis, 1992; Zhang et al., 2008). N excretion in urine declined significantly (P<0.01) when 
the protein level in the diet was lowered from 27% to 19% (Table 3). The results were consistent 
with the earlier findings that N excretion declined noticeably along with a reduction in dietary 
protein in pigs (Valaja et al., 1993). N retention and N retention ratio were not significantly 
different among most groups. Our results showed very good agreement with the view that the 
lower the protein level in the diet, the better the utilization of N and the smaller the proportion 
excreted. A previous study showed that in 21-week-old blue foxes, N retention did not differ in 
relation to dietary protein level and even 15% of protein was sufficient to satisfy the animals’ 
requirement (Dahlman et al., 2002b). The protein requirement of blue foxes at this age is likely 
to be determined mainly by hair growth, suggested by studies of Blomstedt (1998) and also by 
recent studies in mink (Rasmussen et al., 2001). Our results showed that when the dietary protein 
level decreased from 27% to 19% with Met and Lys supplements, the performance of blue foxes 
was not affected, but the N excretion was decreased. This discovery was confirmed by the present 
research on blue foxes which showed that there was a 36.8% reduction in N excretion when the 
protein level declined from about 320 to 250 g/kg (DM basis) (Dahlman et al., 2002).

Fur parameters

The development of hair and the quality of fur were crucially affected by dietary factors in later 
growing-furring period of mink in recent studies (Rasmussen and Børsting, 2001). In our study, 
there were no significant differences observed in body length and dry fur length. Body length of 
L1M2 and L2M2 (68.44 and 68.62 cm, respectively) was higher compared with other groups. In 
an earlier study of blue foxes, low-protein diets added with Met, Lys, or both, did not affect fur 
quality compared with high-protein control group (Työppönen et al., 1987). These results were 
consistent with previous studies that Met supplementation improved the overall fur quality of 
blue foxes fed the lowest protein diet (Dahlman et al., 2002), and brought them up to the level of 
animals in the highest protein diet group.

Conclusions

Reducing the percentage of CP in dietary DM by 1 unit, on average, led to a 4.1 percentage unit decline 
in the daily amount of N excreted in urine. In absolute amounts, an approximately 1.72 g decline in N 
excretion per blue fox per day can be achieved by reducing the dietary protein level from about 27% 
to 19% of DM. The optimal dietary Lys and Met levels to attain the best growth performance and fur 
characters were 1,035 and 2,070 mg/d, respectively, during growing-furring period.
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Effects of dietary protein level on growth, health and 
physiological parameters in growing-furring mink
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Abstract

The aim of the study was to investigate the effects of the dietary protein level and the feeding 
strategy on growth, health and physiological blood and liver parameters in growing-furring 
male mink. Effects of dietary protein levels ranging from 22% of metabolizable energy (MEp) to 
32% of MEp were included in the study. The dietary protein levels were unchanged during the 
experimental period or reduced from a higher to a lower level in August or September. The results 
indicated negative effects on health and signs on immunosuppression in mink fed low dietary 
protein levels throughout the growing-furring period. The liver content of fat and fatty acids was 
higher in mink fed low dietary protein levels than in mink fed high dietary protein levels. The 
mortality rate was influenced of the dietary protein level in October.

Keywords: fatty liver, mortality rate, erythrocytes, leucocytes

Introduction

The mink is a carnivorous animal and, consequently, its natural diet contains a high proportion 
of energy from protein, a variable amount from fat, and a low amount from carbohydrate. Until 
recently, protein has contributed with 30% to 35% of metabolizable energy (ME) in Danish mink 
feed in the growing-furring period.

Since protein constitutes the most expensive part of the mink feed, possibilities to decrease the 
level of dietary protein in order to provide inexpensive feed and still support animal performance 
and health have, therefore, been the subject of several investigations for several years (e.g. Skrede, 
1978; Børsting and Clausen, 1996; Sandbøl et al., 2004).

Furthermore, there is a general wish to minimize the emission of nitrogen via urine and faeces to 
the environment and the Danish mink farmers are required to reduce the emission of nitrogen 
from the mink production with 15% before 2015.

Hepatic fatty infiltration or hepatic lipidosis is a common pathological finding in carnivores such 
as the mink, where fat accumulation in the liver often occurs due to metabolic or nutritional 
causes (Rouvinen-Watt et al., 2010). In mink, hepatic fatty infiltration may be caused by several 
factors, including amino acid or fatty acid imbalances, excess dietary carbohydrate intake, cholin 
and vitamin B deficiency, poor feed quality, restricted or food deprivation (Damgaard et al., 
1994; Mustonen et al., 2005). In earlier investigations a deficient protein supply caused hepatic 
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fatty infiltration, and the degree of hepatic fatty infiltration increased during the growth period 
(Damgaard et al., 1998). Furthermore, the primary cause of death at low protein feeding could 
be related to fatty infiltration of the liver. Damgaard et al. (1998) found that a dietary supplement 
of essential amino acids to a low protein diet did not improve the health status of the mink, but 
had a positive effect on growth performance compared with un-supplemented low protein diets. 
The plasma activity of alanine-aminotransferase (ALAT) was found to be a useful tool in the 
estimation of hepatic fatty infiltration, and clinical blood parameters were helpful in determining 
the level of protein necessary to sustain animal health and support normal growth performance 
(Damgaard et al., 1998).

It can be hypothesized that the dietary protein content can be reduced in relation to the usual 
protein level in Danish mink feed and still support performance and health. Furthermore, that 
the protein requirement in mink kits is decreasing during the growing-furring period. The aim of 
the present investigation was to investigate the effects of the dietary protein level and the feeding 
strategy on growth, health and physiological blood and liver parameters in growing-furring male 
mink. Growth response and effects on pelt quality of the experimental diets are reported in a 
companion paper (Clausen et al., 2012).

Material and methods

Animals

The experiment was carried out at Kopenhagen Farm in Holstebro, Denmark. A total of 1,380 
mink kits of the colour type Scanbrown were included in the experiment. The experimental period 
covered the period from primo July to pelting in mid November. The animals were weighed at 
the start of the experiment in July, in August and September and at pelting in November. Dead 
animals were recorded and subjected to autopsy with particular focus on macroscopic signs of 
fat infiltration in the liver.

The animals were housed in pairs (male and female) in standard mink cages (L:90 cm, W: 30 
cm, H: 45 cm) with access to a wooden nest box (L:28 cm, W: 30 cm, H 24 cm) embedded and 
covered with straw.

Diets

The mink kits were randomly distributed on 5 experimental groups which were allocated different 
dietary protein contents and fed according to different feeding strategies: (1) 32% metabolizable 
energy from protein (MEp) during the whole experimental period (32MEp); (2) 32% MEp in 
July/August and 25% MEp from September (32/25MEp); (3) 28% MEp in July and 24% MEp from 
August (28/24MEp); (4) 22% MEp during the whole experimental period (22MEp); (5) 32% MEp 
in July and 22% MEp from August (32/22MEp). The composition of the diets is shown in Table 
1. The mink kits were fed ad libitum and had free access to drinking water.
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Blood samples

Blood samples were collected from 20 male kits per experimental group in early October and at 
pelting in November. The blood samples were collected between 08:00 and 12:00 after a fasting 
period of 16 hours. The blood samples were taken by venipuncture of vena cephalica antibrachii 
in October and by heart-puncture at pelting. Whole blood for cell counting was collected into 
K-EDTA and stored at room temperature until analysis within 4 h as described by Damgaard et 
al. (2012).

Whole blood for clinical-chemical analysis was collected in plastic tubes added Na-heparin, 
stored on ice and centrifuged within 4 h at 2,000×g for 20 min at 4 °C. The plasma was separated 
from the blood cells and stored at -20 °C until clinical-chemical analysis according to the methods 
described by Damgaard et al. (2012).

Liver tissue samples

After blood sampling at pelting the animals were killed by an overdose pentobarbital sodium. 
The liver was immediately excised, emptied for blood by slight pressure between paper towels 
and weighed. Liver tissue samples for chemical analysis were taken, immediately frozen in liquid 
nitrogen and stored at -80 °C until analyzed according to the methods described by Damgaard 
et al. (2012).

Table 1. Dry matter and ash content, calculated content of metabolizable energy (ME) and distribution of ME 
on protein, fat and carbohydrates in the experimental diets.

32MEp 32/25MEp 28/24MEp 22MEp 32/22MEp

July-
Sept.

Oct.-
Nov.

July-
Sept.

Oct.-
Nov.

July Aug.-
Nov.

July-
Nov.

July Aug.-
Nov.

Dry matter (DM), % 41.8 40.7 42.2 41.7 40.9 42.4 42.9 41.8 42.9
Ash, % of DM 2.3 2.4 2.3 1.6 2.3 2.0 1.9 2.3 1.9
ME, MJ/ kg 8.3 7.7 8.2 8.1 8.0 8.1 8.6 8.2 8.6
ME, MJ/kg DM 19.9 19.0 19.4 19.5 19.7 19.1 20.1 19.6 20.0
Distribution of ME1 on:
Protein, % 30 31 30 25 28 24 21 30 21
Fat, % 54 50 52 53 54 52 56 52 56
Carbohydrates, % 16 19 18 22 18 24 23 18 23

1 The contents of ME and the quantitative proportional composition of ME were calculated on the basis of the 
analyzed amounts of nutrients, estimated digestibility coefficients of the nutrients, and the following values of ME 
in kJ per g: protein 18.8; fat 39.8; carbohydrate 17.6 (Hansen et al., 1991).
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Statistical methods

All variables were subjected to analysis of variance using the Restricted Maximum Likelihood 
method in the mixed model procedure with multiple error terms in the statistical package, 
SAS (SAS Institute Inc., 1996). The model used for blood parameters included experimental 
group (32MEp, 32/25MEp, 28/24MEp, 22MEp, 32/22MEp) and month (October, November), 
and interaction between these effects as general fixed effects. Mink kits were treated as random 
factor. The residual variance was assumed to be different for each month. This was modelled 
using repeated statement of PROC mixed with month as a GROUP factor. Due to not totally 
balanced data the number of degrees of freedom (df) was estimated by using Kenward-Roger’s 
(KR) approximation. When necessary, log transformations were performed to normalize data 
distribution. The model used for liver parameters included only experimental group as general 
fixed effect.

All analyses were performed as two-tailed tests. Results of the analysis performed by the mixed 
model procedure are given in least squares means±SEM. Significance is reported for P<0.05.

Results

There were no differences in body weight at pelting among the experimental groups (Table 
2). Furthermore, there were no effects of the experimental diets and the feeding strategies on 
the liver weight and on the liver weight relatively to body weight (Table 2). The liver content 
of triacylglycerol (TAG) (P=0.01) and non-esterified fatty acids (NEFA) (P=0.01) were higher 
for the 22MEp group than for the groups fed a higher dietary protein content throughout the 
experimental period (Table 2). The liver content of phospholipids showed tendency to differ 
among the experimental groups (P=0.07). The liver content of glucose (79.0±4.5 μmol/g) and 
glycogen (43.0±8.1 μmol/g) were not different among the experimental groups.

Table 2. Body weight (BW), liver weight, liver weight relative to BW and liver content of TAG, NEFA and 
phospholipids in mink males in the experimental groups. Values are least squares means and SEM.

Parameter 32MEp 32/25MEp 28/24MEp 22MEp 32/22MEp P-value1 (effect 
of group)

BW, g 3121±89 3190±92 3085±87 3114±92 3058±92 0.88
Liver, g 71.0±2.5 73.1±2.5 73.3±2.4 69.9±2.5 67.1±2.5 0.39
Liver, % af BW 2.28±0.072 2.31±0.074 2.40±0.070 2.25±0.074 2.20±0.074 0.36
TAG, μmol/g 115±12 b 134±12 ab 111±12 b 167±12 a 143±12 ab 0.01
NEFA, μEq/g 294±27 b 342±28 ab 285±26 b 411±28 a 357±28 ab 0.01
Phospholip., μmol/g 21.4±0.51 20.5±0.52 19.9±0.50 21.0±0.52 21.8±0.52 0.07

1 Within rows, values with different letters are significant different (P<0.05).


