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INTRODUCTION

As fox farming in Alaska declined during the 1930's, the raising
of mink in captivity attracted considerable interests Unlike blue fox
farming, where the animals ran at large on islands, mink ranching requires
little lands The mink ranches, therefore, are generally located near the
small towns where transportation, supplies, and commercial cold storage
facilities are available, For years, whole salmon has been the most eco-
nomical and easily obtainable mink food from the late fall months to the
early spring and is still the preferred ration ingredient of most mink
ranchers in Alaska for winter feede

Since early in the 1940's salmon prices have been steadily rising,
As a result salmon is no longer an economical mink feedes Regulations gove
erning the taking of this fish have become more stringent with the result
that now it is impractical to feed whole salmon to mink,

In a search for an economical feed ingredient, available in
quantity to teke the place of whole salmon, the Experimental Fur Station at
Petersburg, Alaska, (illuse. 1) instituted several feeding studies in 1945,
1946, and 1547, These studies utilized different percentages of salmon
heads (obtained from Petersburg, Alaska, camneries) in the mink and fox
diete The results of these trials varied considerably and in general were
inconclusive, They showed the necessity of further works

Illuse 1 = Experimental Fur Station, Petersburg, Alaska,



The Fishery Products Laboratory at Ketchlkan, Alaska, has made
a number of studies designed to find practical uses for the waste from
salmon canneries and hence cooperated with the Experimental Fur Statlon
in this study of the use of salmon waste in the diet of mink,

Excopt for a small smount of salmon cannery waste that is proo-
essed to fish meal and oil, approximately 50,000 tons of salmon cannery
waste are disoarded annually in Alaska, Here is a potential source of raw
material for use as fur farm feed, fish hatchery feed, meal, and other yet
undeveloped byproductse

Since the canning season is short and the waste is of a perish~-
able nature, the utilization of salmon cannery waste poses somewhat of a
problems In this study, however, we were concerned with determining the
suitability of salmon cannery waste either raw frozen or processed as the
main component of mink rations.

Fur farmers in the States have shown interest in the possibility
of using processed or raw frozen salmon waste as feed for fur animals,
Salmon waste is being used at present to a limited extent in the Northwest,
but the supply there is short, Hence, any large use of this waste would
require the exploitation of the tremendous quantities available in Alaska,

In the experimental work reported here, members of the Fishery
Products Laboratory collected the salmon waste, processed or froze it, and

made the ration analyses. The mink-feeding experiments were carried out
at the Experimental Fur Station at Petersburg, Alaska,

METHODS AND EQUIPMENT

Collection of Raw Material

The salmon cannery waste used in the following experiments was
collected during the canning seasons of 1947, 1948, and 1948 and fed in
experimental rations during each year immediately followinge All waste
was gathered by staff members of the Fishery Products Laboratory from a
Ketchiken cannery, which handles only trap-caught fishe The material, all
from pink salmon, Oncorhymchus gorbuscha, was caught in wire baskets that
were lowered by means of ralls to & position under the chutes from the
"Iron Chink", This waste, which included the heads, tails, fins, and

viscera, was allowed to drain free of excess water on a metal draining
table.

During the 1947 collection period, the drained waste was brought
to the Laboratory where it was passed through a hogger (meat and bone
chopper) and then through a disintegrator. The ground waste was placed
in 5-gallon square cans with press-on lids and taken directly to the local

cold-storage plant for freezing and storage. Canned waste was prepared
from this frozen material when needed,




The material gathered during the 1948 and 1949 seasons was
handled as follows: The waste to be used raw was taken from the draine
ing table as mentioned in the preceeding paragraph, end placed in
S5-gallon canse The whole waste was then taken directly to the cold-
storage plant where it was frozen and stored.

The salmon waste to be processed was passed through a hogger,
sealed in 4-pound flat cans, and processed for 33 hrse at 12 1bse. steam
pressure (1179 C,).

This material, either raw frozen or processed, was delivered by
boat to the Experimental Fur Station at Petersburg as required.

Fishery products other than the salmon waste were obtained in
the following manner: Flounders, Pleuronectodas sppe, usually available
each year from mid-April until about the first of September, were pur-
chased from local Petersburg fishermen who obtained them in conjunction
with salmon and trout fishing operations, However, the greater portion
of flounders used in the following experiments were obtained by trout
fishermen using beach seines, These fish were partially dressed (stomachs
and intestines were removed since the fish feed on mud bottoms and their
stomachs often contain small clams and other foreign matter which may
demage the grinder), block frozen in shallow pans (depth 5 in.), and
stored in the fur station cold=-storage room, where they were periodically
reglazed,

Halibut, Hippoglossus stenolepsis, heads were obtained from the
local cold storage where they were frozen in shallow pans, They were
glazed and stored in the station colde-storage room until used.

Red rockfish, Sebastodes ruberrimus (termed red snapper by local
fishermen), and ling cod, Ophiodon elongatus, were bought from local fishw
ermen, dressed, glazed, and stored 1n the station cold-storage rooms

Animals and Housing

In general, mink available for use on experimental rations were
of the standard dark typee Two or three mutation mink (platinum, pastel,
or black cross) were included in each lot,

All animals were housed in a colony=-type, fully covered mink
house (illus, 2 and 3)e Each animal pen was 14 in., high, 28 in. wide, and
5 fte longe The bottom, top, and outside end of each pen were constructed
of galvanized wire screen (l-in, mesh, No. 16 gauge)e. Each pen was
equipped with a water pan and an 8 by 156 by 10 in, nest box (illus, 4).



I1luse 2 = Typical Southesastern Alaska commercial fur farm,
Ketchikan viecinitye

Illuse 3 = Interior of comnercial fur farme This view shows
the long line of cages on one floor of the house, Every
other cage has one board side in common, The water pan
attached to the rear of each cage (lower right) is filled ‘
from the pipe just above it
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Illuse 4 = Close up view of nest boxe The metal
strap (center) is the handle by which a sliding
door, separating the nest box from the cage, is
operateds

Proparation of Rations and Feeding Methods

All frozen fishery products were thawed prior to grindings
they were removed from the cold storage a day or two before needed and
allowed to thaw at room temperature on the feed-room floore The thawed
material was passed through an elsctric grinder (illus, 5) using the
5/16=in, hole plate and then thoroughly mixed with other ration ingredients
to a hamburger-like consistency by means of & mechanical mixer (illus. 6).
Representative samples were taken at this time for proximate and vitamin
analysese.
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6 = Large mechanical mixer used to mix ration ingre-
dients to "hamburger-like consistency".

Illus,



The animals were watered both morring end evening and were fed
once daily, betweern 3:00 end 4:30 pems Females with litters were fed both
morning and afternoon, Feed was placed on the wire top of the nest box or
pen (illus, 7 and 8) and was eaten through the l-in, wire mesh, An attempt
was made at all times to "full-feed" without undue waste, Feed not con-
sumed was removed the following morning or in the case of lecteting femsles
fed in the morning, -was removed by noon end weigheds Complete records were
kept of the emount of feed offered, consumed, and rejecteds

The quantity of fish or fishery materiel veried in different
rations from 65 to 85 percent, depending upon other added components end
the moisture content of the individual fishery product being studied,
Other ration ingredients were varied in order to give a well=belanced diets

Methods of Analysis

Proximate Compositions The proximete enelysis procedures, as modified from
those of the Association of Officisl Agricultural Chemists (1945), were eas
follows:

Ash: The sample was dried for 1 hr, ot 130° C, Qf 5°), The preliminary
ashing was done in a smsell muffle furnace at moderate temperetures

(2250 = 300° C,) until all smoking ceaseds The final ashing was carried
out in enother muffle furnace at 526° C, for 3 hrs,

Moisture: The moisture content was determined by mixirg the sample with
send and drying it at 70° C, for 1% hrse end then at 120° C, (# 5°) for an
additicnal houre

Protein: The protein content was estimated by multiplying the nitrogen con-
tent by €425 The nitrogen content was determined by the Kjeldahl method
using selenized granules as the catalyst in the digestion of the semple,

0il: The oil content was determined by extracting the sample for 16 hrs,
with acetone, using a Bailey=Welker extractores The acetone was eveporated
over a water bath, and the material was dried for 3 hrse at 100° C, in a
vacuum ovene, The oil was teken up in ether, and the weight of dry oil wes
determined according to the method of Stensby and Lemon (1937) as modified
by Voth (1946),

Vitemin Contente The vitemin analyses were as follows:
Thiemin and Riboflavin: Except for slight modifications the fluoromstric

methods used were those given in the Association of Vitemin Chemists,
"Methods of Viteamin Assay" (1947).



Illuse 7 = Feeding the mink,s The feed is taken from pan and
placed on cagees The wooden covers of the nest boxes (lower
center) are down,

I1luse, 8 = Placing feed on the wire top of each cages The
nest box covers have been removed (lower right),
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Niacin and Biotin: These asseys were modified from the microbiolecgical
method published by Roberts and Snell (1946), Lactobacillus arsbinosus
was used for the niacin assays and Lactobacillus casei for the biotin
aessayse The acid production for all assays was determined by titration.
In the extraction of the samples for niacin, en enzymetic extraction
(papain-takediastase) was usede For biotin, the semples were sutoclaved
for 2 hrse with 6 N HC1l at 15 lts, steem pressures

Vitemin Bjp: Vitamin B)2 was also determined by the microbiological
methods Basice2lly a procedure modified from that published by Hoffman,
Stoksted, Hutchins, Dornbush, and Jukes (1949) was usede This assay is
still of doubtful accuracy. Howsever, results can be considered reproduc=
ible to é 15 percent.

Vitemin A: Difficulties were encountered in the spectrophotometric assay
of the vitamin A content of the animal rations. Due to interference,
probably caused by material added in the dry mix, the optical density did
not reach a maximum at 328 mu but was greater at 300 mu, Therefore, no
vitamin A date are reported here, However, all ratiomns are believed to
contein an adequate supply of vitamin A,

FEEDING EXPERIMENTS

Breeding and Production Tests

General Procedure

Three feeding trials (experiments 1, 2, and 3) which carried
female mink through their breeding, gestation, and suckling periods on
retlons conteining high percentages of whole pink salmon waste, processed
pink salmon waste, and other fishery products were conducted in 1948, 1949,
and 1950, Frozen pink salmon waste rations were fed in all experiments,
Other rations, with various fishery materials as their main components,
were introduced for comparisone

All of these triasls were started approximstely 6 weeks prior to
the breeding season and terminated with the weaning of the last litter of
kits at 50 days of age, unless undue losses occurred, justifying ending
the experiment sooner, Nonbreeding femeles, females that mated but did
not produce, and females that destroyed their litters were removed from
the experiment as soon as thelr status was determineds For breeding pur-
poses, males were cerried to female pens and where possible, repeat matings
on two consecutive days were attempteds All producing females and their
kits (with exception of those females which destroyed their litters) were
kept on experimental retions until the kits were 50 days of age, at which
time the kits were weened and ell animels were removed from the experiment,.

b



In order to have equalized groups, animals to be fed experie
rmertsl retions were assigned to their respective groups, on the basis of
past production, ancestry, average live weight et the start of the experi=-
rent, age, end previous rations receiveds

The kits were weighed on the 49th and 50th day after birthe The
average of the weights taken on these two days constituted the weaning
weight of the kitse

Experiment 1

Period Covered end Diets: Mink experiment 1 started January 28
ard was termineted on July 12, 1948 (167 days)e This trial compared four
retions that were made up as follows: Group I, 70 percent frozen flounders
end 10 percent horse meat; Group II, 80 percent frozen pink salmon headsj;
Group III, 80 percent frozen pink salmon waste; and Group IV, 80 percent
cenned (processed) selmon waste, In addition to the above components each
ration contained 15 percenﬁl/ dry mixture Noe 1 E/ﬂ 245 percent brewer's
inective yeast, and 2,5 percent cenned tometo purees Eight adult and ten
veerling females were allotted to each ration,

Breeding was started on March 10 and terminated on April 15,

1948, Breeding, production, and food consumption data are given in
table 1le

Three adult females were lost from an undetermined cause prior to
breedinge All of these were in Group I. In addition one female from

Group IV died of nursing anemia a few days prior to the time her kits were
to be weaneds

Eight kits (2 from Group II, 2 fram Group III, and 4 from Group
1V) were lost between 14 and 50 days of agee. With the exception of the kit
losses in Group IV, these losses were not deemed excessive, Three of the

kits that died in Group IV were from a litter of seven, which had not made
satisfactory gairs in weighte

Generally speaking, the kits of Group I were in the best health
as evidenced by their larger weaning weights and the fact that no losses

occurred prior to the time they were separated from their mothers at 50
deys of agee

}/’ A1l percentseges are on a wet basis,

2/ Ingredients in dry mixture Noe 1l: Ground whole wheat, 20%; Oatmeal,
20%; Alfalfa leafmeal, 10%; Skim milk powder, 10%; Soybean mesl
(expellor), 107%; Wheat germ meal, 10%; Brewer's yeast (inactive), 10%;
Linseed oilmeal, 5%; Bone meal (steemed), 5%

12
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Table le = Breeding, Production, and Food Consumption Data for Mink Feeding Experiment 1

Group I Group I1 Group 111 Group IV
70 percent 80 percent 80 percent 80 percent
frozen flounders frozen pink frozen pink canned pink
and 10 percent selmon salmon salmon
horse meaﬁé/ headsl wustqb/ ‘wastql/
Breeding and Productiont
Femeles started on experiment (number) 18 18 18 18
Femeles died prior to breeding (number) 3 0 0 0
Females mated (number) 11 16 11 15
Femeles producing (number) 9 11 9 11
Kits at 7 deys of age (number) 38 43 42 46
Litters destroyed at birth (number) 1 0 0 1
Kits died prior to weaning (number) 0 2 2 4
Kits weaned per female started on
experiment (average number) 2ol Del 2.2 2.3
Kits weaned per producing femele
(average number) 4,2 367 4,6 L
Average weight of kits when weaned
et 50 dsys of age (pounds) 0675 0460 0465 0,60
Average Food Consumption per Mink:
Food offered (pounds) 8545 6640 7367 628
Food consumed (pounds) 69,0 50,8 5646 54,0
Food consumed (percent)2/ 80,7 771 7649 8549
Days on experiment (n erlé/ 163 167 167 166

See page 12 for complete rations,

offered and multiplying by 100,

@ 19

Number of days from stert of experiment until weening of the last litter of kitse

All percentages of feed ingredients are calculsted on a wet besise
Percent Food Consumed is celculated by dividing totel amount feed consumed by totel amount feed

Period of test

varied with the weaning date of the last litter of kits in each Groupe




Twenty-one kits were lost from Group II and 1 kit from Group IV
between the 6th and 30th of July (7 days before end of test to 18 days
after)e The experiment ended July 12, 1948 (167 deys)s While these kits
were placed on a different ration as they were weened and teken off the
experiment the above losses might be attributed to the experimental ration
(salmon heads) they receiveds Most of these animals were lost because of
"vellow fat" or steatitis (for information on "yellow fat" see Whitehair,
Schaefer, and Elvehjem, 1949),

Experiment 2

Mink experiment 2 was started on Februery 1 and terminated with
the weaning of the lest litter on July 7, 1949 (157 dsys)s The main pro-
tein portion of the retions was as follows: Group I, 70 percent frozen
flounders; Group 11, 80 percent frozen pink salmon waste; and Group III,

65 percent frozen red rockfishs Three groups, each including 9 adult and
14 yearling kit female mirk, were fed on the above rations. In addition to
the fish, easch ration contained 14 percent dry mixture Noe 2 é/, 2 percent
wheat germ meal, and water to total 100 percente Each of the three groups
of females also received two teaspoons of wheat germ oil daily (during the
first 83 days of the test) from February 1 through April 24,

Breeding was started on March 11 and terminated April 15, 1949,
As before, repeet matings were attempted when possible, Complete breeding,
production, and focd consumption deta are given in table 2,

One adult female in Group I was lost from an undetermined cause
prior to breedinge In addition 4 females in Group II and 1 in Group III
died of nursing anemia within 3 dgys prior to the time their kits were
weaneds

The excessive kit loss in Group III was due primarily to camni-
telism and an anemic conditior not experienced before and can no doubt be
ascribed to the ration fed (dressed red rockfish)e The palatability of
this ration is questionable since many animasls went off feeds Although no
vitamin anelyses were made of the red rockfish, some of the essential
vitamins were probably lost since the viscera were discarded when the fish
were dresseds

E/ Ingredients in dry mixture Noe 2: Cooked whole whest (dextrinized),
30%; Cooked oat groets (dextrinized), 16%; Wheat germ meel, 10%; Dried
brewer's yeeast, 10%; Tomato pomace, 5%; Liver meal - commercial, 5%;
Dried skim milk, 15%; Dehydreted grass or alfalfa leafmeesl, having a
carotene content of 65 mg. or more per lb., 5%; Ground limestone, 3%;
Ced liver oil, containing at least 1800 I.U, of vitamin A and 175 units
of vitamin D per gram, 0.5%; Salt, 0¢5%.
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Teble 2, - Breeding, Production, and Food Consumption data for Mink Feeding Experiment 2

ST

Group I Group II Group III
70 percent 80 percent 65 percent
frozen frozen pink frozen red
floundequ/ salmon wasth/ rockfis@é/
Breeding and Production:
Females started on experiment (number) 23 23 23
Females died prior to breeding (number) 1 0 0
Females mated (number) 21 22 19
Females producing (number) 18 18 10
Kits at 7 deys of age (number) 90 85 41
Litters destroyed at birth (number) 0 0 1
Kits died prior to wesning (number) 6 5 13
Kits weaned per female started on
experiment (everage number) 3.9 367 1.8
Kits weaned per producing female
(average number) 5,0 4,7 4,1
Aversge weight of kits when weened
at 50 dgys of age (pounds) 0670 0660 0665
Average Food Consumption per Mink:
Food offered (pounds) 9347 - 6949 8165
Food consumed (pounds) TTe7 51,0 83,9
Food consumed (percentxb/ 82,9 7249 7843
Deys on experimenﬁg/ 157 157 157

See pege 14 for complete rationse, All percentages of feed ingredients are calculated on a wet basise
Percent Food Consumed calculated by dividing total amount feed consumed by total amount feed offered
and multiplying by 100,

Number of deys from start of experiment until wesning of the last litter of kits, Period of test
varied with the weaning date of the lest litter of kits in each Groupe.

SO



Experiment 3

Mink experiment 3 was started on February 2 and was terminated
July 13, 1950 (162 days)s Twelve adult and ten kit female mink were placed
on each of four rationse The main protein portion of the rations was as
follows: Group I, 84 percent ocanned pink salmon waste; Group II, 80 per=
cent frozen pink salmon waste; Group III, 75 percent frozen whole pink
salmon; Group IV, 70 percent frozen ling code Both of the salmon waste
rotions contained 14 percent dry mixture No. 3 4/; the whole salmon rationm
contained 10 percent; and the ling cod ration contained 12 percent, All
rotions contained 2 percent wheat germ meals Two teaspoons of wheat germ
01l were given to each group daily from February 21 until April 14, 1950,
In order to prevent excessive losses from "yellow fat" the rations of
Groups I, 1I, and III were changed on June 7 (125th day of the test) to the
following: 70 percent flounders; 12 percent dry mixture No. 3; 2 percent
wheat germ meal; and 16 percent water.

The above complete rations were analysed for ash, moisture, oil
(fat), protein, and vitemins B2, thiemin, riboflavin, niacin, and biotin,
These data are given in table 3,

Breeding was started March 10 and terminated April 18, 1950,
Complete breeding, production, and food consumption data are given in
table 4.

Three adult females in Group IV died from nursing anemia shortly
before their kits were 50 days of agde

Fifteen kits (3 in Group I, 2 in Group II, 8 in Group III, and
2 in Group 1V) were lost prior to weaninge All of those lost in Group I
were from a single litters, With the exception of Group III, these losses
are not considered excessives Six of those lost in Group III were from
2 large litters each of which contained 7 kitse, All remaining kits made

satisfactory gains in weight and were in good health when they were weaned
at 50 days of egee

Kit losses which occurred after weaning but prior to August 1
(18 days after completion of test) might also be attributed to these
rationss There were 7 deaths in Group II and 1 in Group III, Five of
those occurring in Group II were from a single litter, although the kits
of this litter had been separated and placed on a different ration (70
percent flounders) on June 7 (125th day of the test)s These kits were all

small and had not made satisfactory gains in weight by the time they were
weansde

4/ Ingredients in dry mixture No. 3: Cooked whole wheat (dextrinized),
30%; Cooked oat groats (dextrinized), 16%; Wheat germ meal, 10%; Dried
brewer's yeast, 10%; Beet pulp, 5%; Liver meal - commercial, 5%; Dried
skim milk, 15%; Dehydrated grass or alfalfa meal, having a carotene
content of 65 mgs. or more per lb., 5%; Ground limestone, 3%; Cod liver
0il, containing at least 1800 I.Us of vitamin A and 175 units of
vitamin D per gram, 0,5%; Salt, 0e5%.
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Tabie 3, = Proximate Composition and Vitamin Content of the Rations Used in Mink Feeding Experiment 3

LT

Proximate Composition in Percenﬁg/ Vitemin Content in Microgrems per Gram
Rati Fisheryl
S:mp:: Ci;pZ;§;{ Mois= Carbohy= Ribo=-
Ash  ture 0il Protein drates3/ Niacin4/ Biotin4/ Thiemin flevin Bjg4/
84 percent
Group I  canned pink 3478 6348 840 1645 7e9 22 0s14 1,4 3.7 0404
salmon waste
80 percent
Group II frozen pink 3456 6543 TeS 1649 6e9 24 0,12 1,9 346 0411
salmon waste
75 percent
Group III frozen whole 2441 71,3 3¢l 17,7 565 22 0,08 2,2 3.9 0408
pink salmon
70 percent
Group IV frozen ling 2,43 71,2 362 16,0 Te2 15 0,05 1.6 3e8 0,02
cod

See page 16 for complete ration ingredients,
The results of all analyses are reported on a wet basis,
By differences

These asseys were carried out at the Service's Fishery Technological Laboratory in Seattle, Washingtons

el
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Table 4. = Breeding, Production, and Food Consumption Data for Mink Feeding Experiment 3

Group I Group II Group III Group IV
84 percent 80 percent 75 percent 70 percent
cenned pink frozen pink frozen whole frozen
sslmon salmon pink ling
wastel wastel salmoq%/ coQé/
Breeding and Production:
Females started on experiment (number) 22 22 22 22
Females died prior to breeding (number) 0 0 0] 0]
Females meted (number) 20 20 18 20
Females producing (number) 15 18 14 14
Kits at 7 days of age (number) 61 75 59 53
Litters destroyed at birth (number) 0 1 0 1
Kits died Prior to weaning (number) 3 2 8 2
Kits weened per female started on
experiment (average number) 246 Sad 2,3 2,3
Kits weaned per producing female
(eversge number) 369 4,1 346 346
Average weight of kits when weaned
st 50 deys of age (pounds) 0485 0,80 0485 0690
Average Food Consumption per Mink:
Food offered (pounds) T4.4 74,2 90,4 82,1
Food cornsumed (pounds) 61.8 61le1 74,5 6944
Food consumed (percentxz/ 83,1 82,3 8244 84,6
Days on experiment (numberké/ 160 162 155 154

o

Lm

()

~

end multiplying by 1CO0,

~

See page 16 for complete ratiorns fed and ration changes made because of high mortality,
eges of feed ingredients are calculated on a wet basise
Percent Food Consumed calculated by dividing totel amount feed consumed by total emount feed offered

Number of days from start of experiment until wesaning of the last litter of kitse

Period of test

varied with the weaning date of the last litter of kits in each Group.

All percent-



Summary

Poor breeding and over-all production were experienced in all
four groups of experiment 1 (table 1), The average number of kits weaned
per female started on the experiment was 2,2, which is considered extremely
low, Normally, the average number of weened kits per female should be
close to 40 Thus, none of the four rations was satisfactory in this
exporiment,

Although, Groups II and IV, experiment 1, table 1 gave slightly
better results from breeding (number of females mated) and production
(actual number of kits produced) stamdpoints, the high loss of kits on the
Group II ration (pink salmon heads) after the experiment had ended indie
cated that high percentages of selmon heads are detrimental to young mink
from the time they eat solid food until they are approximately 10 weeks
of agee .

In contrast to the results obtained on experiment 1, Groups I
end III (table 1), production in Groups I and II of experiment 2 (table 2)
where somewhat simllar rations were fed, was satisfactorye. The Group III
ration in experiment 2 was obviously inadequate from the standpoini of
production, Furthermore, the kits of this Group had a high mortality,
Although no vitamin analyses were made of the red rockfish, some of the
essential vitamins were probably lost with the viscera when the fish were
dressed, However, the kits that survived in Group III had weaning weights
equal to those in the other two Groups.

The females lost due to nursing anemia had large litters. It
is believed that their deaths may have been due partially to the ration
fed, for if the aims of the experiment had permitted, special attention to
their condition and needs may have prevented these lossese Interestingly,
the kits of these females were all raised successfully,

Better breeding results were obtained in experiment 3 (table 4)
than in experiment 1, Howsver, the number of females in experiment 3 that
mated but did not produce young was high, This is difficult to explain,
The females fed the ration of 80 percent frozen pink salmon waste
(Group II) gave the best production (teble 4). Production results obteined
with the Group III ration (75 percent frozen whole salmon) were contrary to
those experienced in previous experiments at this statlon and at mink
farms where a diet of whole pink salmon has proven to be satisfactory.
Results of feeding ling cod (Group IV experiment 3, table 4) were similar
to those obtained with red rockfish (Group III, experiment 2, table 2) in
that in both groups the number of females which mated but did not produce
young was highe Neither of these rations was satisfactory. The produc-
tion obtained with the canned pink salmon waste ration in experiment 3 was
somewhat better than that obtained in experiment 1 with the same ration
although not entirely satisfactorye. Kit losses experienced when the
Group III ration (frozen whole salmon) was fed, were excessive, though of
questionable significance since all but 2 of these kits were from 2 large
litterss If these kits had been from smaller litters, they might have
survived,
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In work reported by Tove, Schaefer, and Elvehjem (1949) on the
nutrition of mink a control ration was used which included the following
emounts of vitamin supplements for each 100 grams of dry basal ration:
0e2 mge thiamin HC1l, 0.2 mge pyridoxine HCl, 0.4 mge riboflavin, 1.5 mge
calcium pantothenate, 4,0 mge nicotinic acid, 0¢5 mge 2-methyl, 1-4
napthoquinone, and 0,025 mge blotin, In additlon, haliver oil fortified
with gamma-tocopherol acetate end vitemin D3 was added so that each 100
grams of their ration contained 4 mge. gamme~tocopherol, 1200 I,Us vitamin
A, snd 120 I,U, vitamin D3, Table 3, which shows the results of vitamin
assays of rations fed in feeding experiment 3, indicates that the vitamins
in these rations are piesent in equal or greater quantities to the ration
as used by Tove, et al (1949), when compared on the same (moisture-free)
baSiSQ

Frozen salmon waste was the most economicel ration, for the only
expenses involved were collection, freezing, and handling costse

Growth and Fur Development Tests

General Procedure

Two experiments (Nose 4 and 5) were carried out comparing salmon
waste with other fishery materials as the main protein portion of rations
fed to mink during their growing and furring out periods. Animsls used oxn
these experiments were the same type as those used in the breeding experi-
mentse They differed, howover, in that the majority of the animals used
were young growing kits born during the preceding May. As in the breeding
experiments these animals were divided into groups and equalized on the
basis of age, averesge weight, sex, and ancestry. FEach group of animals was
housed under comparable conditionse. Housing was the same as that described
before with the exception that the kits were housed in the upper tier of
pens above the adults in 14 by 14 in., by & ft. pens equipped with similar
water pans, and nest boxes 8 by 8 by 10 in, Rations were prepared and fed
once daily as described previously, Feed not consumed was redistributed
the following morning and the excess picked up before noon and weighed,
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An eversge of weights taken on the two consecutive days at the
beginning and end of the experiment constituted the animels initial and
finel experimental weights, respectively. In addition these mink were all
weighed at 28-day intervals throughout the experiment,

Experiment 4

Period Covered and Diets: Experiment 4 was started on August 12
and termineted on December 2, 1948 (112 deys)e The main protein portion
of each ration fed to four groups of 22 adults and 32 kit mink was as
follows: Group I, 65 percent red rockfish; Group II, 85 percent pink
salmon waste; Group 111, 756 percent canned pink salmon waste; and Group IV,
40 percent haelibut heads plus 25 percent salmon heads, In addition,

Group III conteined 25 percent dry mixture Nos 2 The other three groups
received only 15 percent of this cereal mixture, Water made up the balance
of the ration to 100 percent, Table & shows food consumpticn data for
feeding experiment 4,

Tuble S5¢ = Feed Offered and Consumed by Mink on Feeding Experiment 4

Feed Offered Feed Consumed
Ration Fishery_z/ per Mink per Mink
Semple Component
& B Pounds Pounds PercenﬁL/
65 percent frozen
Group I red rockfish 5849 5443 9243
85 percent frozen 2
Gmup II pink salmon waste 42.1 38.L 91.0
75 percent canned
Group III pirk swlmon wasts 40,9 3561 85,7
40 percent halibut
Group IV | heads and 25 percent 4743 43,1 91.1
pink salmon heads

3/, Total 1bse of feed consumed (100)
Total lbse of feed offered
3/ See page 21 for complete raticn ingredients. All feed percentage
ingredients are expressed on the wet basise
Note: Period of test was 112 dayse
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Weights teken at 28-day intervals throughout the experiment are
shown grephically in figures 1 and 2, The animals were weighed in the
morning to the nearest 0,05 lbe on a spring scale, The small gains made
by the adults are normal because these were mature animels at the start
of the experimentes The final average weight gains of the kits were as
followss Group I, 0475 lbse; Group II, 0.90 1lbse; Group III, 0450 1lbseys
Group IV, 0,80 1lbs,

One edult and nine kit mink were lost on this experiment (2 kits
in Group I; 1 kit in Group II; 1 adult and 1 kit in Group III; and § kits
in Group 1V)e There was no one outstending cause of deaths One of the
kits in Group I, end the adult and kit in Group I1I had stopped eating,
Tost weight, and become thin and emaciasted prior to deathe The other kit
i Group I died of prolapse of the rectume The kit death occurring in
Group II end one in Group IV were caused by "yellow fat" disease. Of the
other 4 deaths occurring in Group IV, 1 was diegnosed as pneumonia, as
evidenced by the lung condition and a large amount of serous liquid in the
thoracic cevitye Another death was ceused by the kit being badly chewed
on the back of the heade The cause of death of the other two kits was
urknowne

In general the health of the animels on this experiment was good
and the losses were not deemed excessivee

Fur experts separated the skins into three grades, on the basis
of size, color, and quality of fure, The number of pelts in each grade is
given in teble 6, A number of the best animals from each lot were kept for
breeding stocke This information is also given in table 6, These data are
also presented graphically in figure 3, In the histogram the animals kept
for breeders are counted as first-grade peltss

Experiment 5

Mink experiment 5, which carried 4 groups of 21 adults and 42 kit
mink through their growing and furring out period, was sterted July 8, and
terminated November 25, 1949 (140 deys)e The main protein portion of the
retions was as follows: Group I, 80 percent frozen pink salmon wasteg
Group I1, 83 percent canned pink salmon waste; Group IIl, 40 percent frozen
red rockfish and 25 percent frozen halibut heads; and Group IV, 40 percent
frozen red rockfish and 25 percent frozen pink salmon heads, In addition,
each ration contsined 17 percent dry mixture No, 3, The balance of the
ration to 100 percent wus water, Excessive losses during July and August
made several chenges in the ration necessary. Frozen flounders were sub=
stituted for the salmon in Groups I and II for § days in July and in
Group II for 21 days in Auguste The salmon heads in Group IV were re-
pleced with frozen flounders from August 26 to the end of the experiment
on November 25, The proximate composition and vitamin contents of the
rations fed in this experiment are given in table 7,
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Figure 1 - Average weight

of kit mink on

feeding exper-
iment 4,

AVERAGE WEIGRT OF MINK IN FOUNDS

Group! (65%frozen red rock flsh)
Group Il (8B5%frozen saimon waste) —~ — — ~ — —
Group it (75%canned solmon waste) —— - ——

Group !V (25% trozen solmon heads —--~——
40% frozen halibut hea ds)

AVERAGE ¥ZIGHT OF MINK IN FOUNDS

.34 Group | (65% frozen red rock fish)
4 Group (I (85% frozen salman waste)
Group Il (T5%canned salmon waste)

4 40% frozen halibut heads}

Group IV (25% frozen satlmon heads —— ——-—

™

" — +
28 56 84 2 140
DAYS

Figure 2 - Average weight
of adult mink
on feeding ex=-

periment 4,




Table 6, - Pelt Classification of Mink on Feeding Experiment 4

Number of Pelts per Group

Group 1 1/|Group II 1/ |Group III 1/ Group 1V 1/
Grade of Pelt S percent]86 percent |75 percent 40 percent
rfrozen red|{frozen pink |cenned pink | frozen hal
rockfish |selmon waste|salmon waste | ibut heads
Animals kept
Classified} for breeders
Grede 1 |(Not pelted)2/ 17 23 16 22
Grade 1 19 12 24 12
Total 36 35 40 34
Grede 2 7 8 8 4
Grade 3 9 10 6 11
Unclassified
(Animal deaths ) 2 1 2 6

l/ See page 21 for complete ration ingredients,

E/ Animals kept for breeders were classified as grade 1 pelts,

a0 _ 7 '
iy

of Pelts
N

Number

20

Groupl Gr oupll) Grcupll!J Gmuplv/
(frozen red (frozen pink (canned pink (lmzzn pink
rock fish) scimon waste) solmon vouc) salmon heads

frozen
haiibut heods)

1 Dzuedrunm, ilente fiv t".r*:'f-‘PVL
2 ﬁlp\\ilr\liukknfb

Figure 3 ~ Disiribution of pelts by grades
for feeding experiment 4,

24



14

Table 7 = Proximate Composition snd Vitamin Content of Salmon Waste and of

Ration Samples Used in Mink Feeding Experiment 5

Proximate Composition in Peroen@%/'Vitamin Content in Microgrems per Granq

Ration ____ - -
Sample Set Mois= Pro- Carbohy= Ribo=-
Mumberl/ ~ Ash ture Oil toin drates3/ Niacin4/ Biotin4/ Thiamin flavin Blzg/
Frozen pink 1 3625 7368 866 1660 wew= 31 0,10 1,0 4,0 0,28
salmon waste 2 2666 T3¢4 8ol 1640 ==w 20 0.14 0.7 3.0 013
Processed pink 1 2698 7540 867 1468 am= 35 0,04 0e7 360 0,34
Mink Ration
Group I 5/ (80 1 4,52 62,2 849 17,2 742 42 0,05 1.9 4.7 0,18
percent frozen 2 4,24 6449 Tab5 1665 768 26 0.18 1.9 4,8 0,07
pink salmon waste)
Mink Ration
Group II 6/ (83 1 3476 6360 Teb5 1642 945 44 0,05 2,9 4,4 0,20
percent processed 2 4,11 63,0 Te4 16,6 8,9 28 0,14 1,4 566 0,02
pink salmon waste)
Mink Ration
Group III 5/ (40
percent frozen red 1l 4,15 6742 566 1144 846 31 0,04 32 4,3 0672
rockfish plus 25 2 4,06 67,8 53 1446 842 16 0,08 1.8 3ed 0,01
percont frozen
halibut heads)
Mink Ration
g:igznivfgé;giored 1 4601 68,0 3,9 15,3 8.8 Sem —— 2,8 3.9 ——
rockfish and 25 & 4020 6945 345 1447 8.l 15 0,09 1.9 4,5 0,02
pervent flounders)

s

Wet basis,
By difference,

Two sets of ssmples were taken: set 1 at the beginning of the feeding experiment and set 2 at the end.

These assays were oarried out at the Service's Fishery Technological Laboratory in Seattle, Washington.
For complete ration ingredients see page 22,
6t =--- indiocates no data,



Table 8. - Feed Offered

and Consumed by Mink

on Experiment 5

Ration
Sample

Fishery
Componen#é/

Feed Offered
per Mink

Feed Consumed
per Mink

Pounds

Pounds

Percentl/

80 percent
frozen pink 5863 54,9 94,2
sel mon weaste

Group 1

83 percent
canned pink 5749 54,1 9365
selmon waste

Group II

40 percent frozen
red rockfish and
25 percent frozen 608 55.9 91,9
halibut heads

Group III

-

40 percent frozen
red rockfish and
25 percent frozen 6549 6267 95,1
flounders l

Group IV

[ — YT B L . Y™ 0 G ™ W S

.L/ Total lbse of feed consumed (100)

Totel 1bse of Teed offered

2/ See page 22 for camplete ration ingredients.
ingredients are expressed on the wet basise

Note: Period of test was 140 dayse

All feed percentage

The animels on this experiment were weighed at 28«day intervals
in a manner similer to that described previously and the data are shown
graphicelly in figures 4 and 5S¢ The final average weight gains of the kits
were as follows: Group I, 185 lbse; Group II, 1,60 lbse; Group III, 1.40
1bse; and Group IV, 1,50 lbs,

The large differences in gains between animals on experiments 4
and 5 are due for the most part, to the differences in age between the kits
in the two experiments, The kits in experiment 4 were more than a month
older when started on the experiment than those in experiment 5,

Although only one adult was lost in this experiment, the kit
losses were heavy, The adult lost from Group III may have died from

pneumonias The various causes of kit death as diagnosed by gross examing-
tion are given in table 9,
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Figure 4 - Average weight
of kit mink on
feeding exper=-
iment 5,

27

2.5

2.3

g

©

AVERAGE WyI“HT OF MINK IN POUKLS

1.3+ Group | (BO% frozen salmon waste)

Group (Il {40% frozen red rock fish
L 25% frozen halibut heads)

+ 25% frozen flounders)

0.9

0.7

Group IV{40% frozen red rock fish _

Group Il (83% cooked salmon waste) —--————-

+

140

AVERAGE WEIGHT OF MIEK IE POUFDS

27

2.5

Group ) (8B0%frozen salmon woste)

Group 1) (B3% cookedsalmon waste) -~-———--

Group Il (40% frozen red rock fish
25%frozen halibut haods)

Group!V(40%frozenred rock fish —— - --—
25%frozen flounders)

27

28 56 84 1na2 140
DATS

Figure 5 = Aversage weight
of adult mink
on feeding ex-
periment 5.



Table 9¢ = Kit Mink Losses in Feeding Experiment 6

1 Number of Losses Due to
! ! Number "Yellow Total No.
| GrouRL/ of Mink Fat" Ancmia Undetermined ! of Deaths
Ve - v-r-.-‘m B e e ——ve—

i I 42 5 1 3 9

8 G Y 5 1 1 7

111 42 1 5 6 12
L v 42 12 2 2 16

R SEUUNE IS IS N

;/ See page 22 for details of ration group.

Pelts from animals in this experiment were classified into four
different grades on the basis of size, color, and quality, The number of
pelts in each grade is given in table 104 A number of the best animals
from each lot wers kept for breading stocke This information is also given
in Tebls 10, These data are presented grapnically in figure 6, In the
histogram the animals kept for breeders are counted as first-grade pelts,

Pelt Grode Le

a
®

2
a

HEUSG

60

40

Number of Pelis

20T

oL I

1 i
Group | ) Groupu) Group(lly Glouulvy

(fmzen pink _ (conned pink (frozen halibut (frozen flounder
salmon wuua) salmon wos'e) frozen red frozen red
rockfish) rock fish)

1/ Detailed rallon ingredients given in text.
2/ Grede 1 pelts include ell mink kept for breeders.

Figure 6 = Distribution of pelts by grades
for feeding experiment 5,
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Table 10, = Polt Classification of Mink of Feeding Experiment 5

Number of Pelts per Group
Group I 1/|Group II 1/ {Group III 1/ |Group IV 1
80 percenti83 percent |40 percent 40 percent
Grade of Pelt frozen cemned pink ; frozen red frozen red
pink sale {salmon wastej rockfish rockfish
mon waste
Animals kept
Classified for breeders
Grade 1 2/}(Not pelted)2/| 22 19 13 16
iGrade 1 23 21 20 18
Total 45 40 33 34
| b POT -
Grade 2 5 4 3 4
-{L.n
Grade 3 2 9 13 8
Grade 4 2 3 1 1
Unclassified | h )
- (Animal deaths) 9 7 13 16

_L/ See page 22 for complete ration ingredients.
Eb/ Animals kept for breeders were classified as grade 1 pelts,

Swmary

Figures 1 and 2 show the relative weight gains between adults and
kit mink and compare weight changes on the different rations of experiment
4, These figures show clearly that from the standpoint of weight gain, rew
frozen pink salmon waste was the best ration fed and canned pink salmon
waste the pooreste The amount consumed of the ration containing 75 percent
camned pink salmon waste is significantly lower than the amount consumed of
the other rations. However, the graph and table of pelt grades (figure 3,
teble 6) shows that the pelts from Group III (canned salmon waste) had the
highest number of first-grade pelts,

In experiment 5, (table 8) the amount of food consumed by the
mink on the Group I ration (80 percent pink salmon waste) and on the Group
II ration (83 percent canned or processed salmon waste) was nearly equal
and hence gives a good basis for comparing the effectiveness of the two
rations,s The results of experiment 5 (figures 4 and 5) show that the
Group I (80 percent frozen pink salmon waste) ration was the best ration,
from the standpoint of producing weight geinse This agrees with the re-
sults found in experiment 4, In experiment 5 the greatest number of first-
grade pelts was also from those animals on the Group I (80 percent frozen
pink salmon waste) ration (table 10, figure 6).

When both breeding and pelting periods are considered, the
results of the two experiments indicate that frozen salmon ceannery waste is
the best of the fish products tested.
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CONCLUSIONS
1.

Frozen pink salmon cennery waste shows considerable promise
as the main protein portion of the ranch mink diet.

2e

Both adult and kit mink (3 months or older) made better
weight gains when fed rew frozen salmon waste than when fed any of the

other fish products tested (processed pink salmon waste, frozen flounders,

frozen pink salmon heads, frozen red rockfish, frozen whole pink salmon,
frozen ling cod, and frozen halibut heads),

Se

Frozen raw pink salmon waste is a more satisfaotory protein
iasgredient than the processed waste when used for feeding female mink

du=ing the breeding and gestation perliod up to the weaning of the young,
4,

Subject to further tests, the authors are unable to recom=
mend feeding pink salmon waste to young mink approximastely 1 to 3 months of
agae
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