THE FFFECT OF PROTEIN QUALITY ON GROWTH

iN THE MINK AND BAT

ABSTRACT
Submitted to

University of Manitobsa

In Partial Fulfillment
of the Requirements for the Degree

Magter of Sciencs

by
Lorne Charles Seier

1969

¢ Lorne Charles Seier 1969

. x‘?& UNWERQ/;}
 LIBRARY

OF yANITOBA




$ete
e

BXPERIMENT I
THE EVALUATION OF TWO DRY PROTEIN SOUKRCES IN RATIONS FOR YOUNG GROWING MINK

By Lorne Charles Seier

Forty-five male Sapphire kits were allotted to three treatment groups,
After a two week adjustment period the kits were started on test. The
control ration wes a standard growing ration composed of horse meat 10%,
chicken by-products 15%, raw cereal 25%, and frozen fish 50%. The protein
substitutes were herring meal and soybean meal which replaced the frozen
fish on an equivalent dry matber basise.

Average final weights in kilograms taken on November 7th were 1.78,
187, 1.92 kgo for the soybean meal; herring meal, and control treatment
regpectively., The differences in final weights were not statistically
significant. The test period was divided inte three stages; (1) growing
before furring (August lst to 29th)s; (2) growing and furring (August 30th
0 October 17th)s and (3) maintenance {October 17th to November 7th)e The
growth rates for these three periods in grams perAday‘weres for the control
treatment 15,2 (Period I), 6.1 (Period II), 0.8 (Period III); herring treat-
ment 18.0 (Period I}, 6.7 (Period II), =2.6 (Period III); soybean treatment
11.8 (Period I}, 7.8 (Period II}, =0.7 (Period III).

Digestibility trials were carried out during each period. Dry mabter
and energy digestibility were significantly higher (P { .05) for the herring
and control treated kits when compared to the soybean mesl treated kitse
There was no significant difference (P » o.05) in nitrogen beslance among
treatmentse

Skin biopsies were ftaken gt pelting time to compare fur demsity.
Average fur densities expressed as hair per pore were 19,6, 20,6, and 18,5

for the soybean, herring, and control treated kits, respectively.



EXPERIMENT IT
THE EFFECT OF PROTEIN QUALITY AND QUANTITY ON HAIR GROWTH IN THE RAT

Sixty male weanling albinec rats, approximstely 38 weeks of age were
allotted 4o six treatment groups. A 3 x 2 fectorial experiment with three
qualities of protein, egg albumen, casein supplemented with methionine and
cagein unsupplemented, and two levels of protein 20 per cent and 10 per cent,
was initiated. The 20 per cent egg treatment was discarded due to egg white
injury and the experiment was then analysed as a random design. The hair on
the rats was shaved from their backs sd that the hair cycles could be
cbserved. The rats were fed ad libitum, and feed consumption and body weight
recorded weekly.

The average length of the hair cycle in days was significant (P <'@GS}
for treatments and for the 20% vs 10% orthogonal conbtrast, the values being
SC 20% = 30.8; B 10% ~ 3lel; C 20% = 33.0g SC 10% = 385,05 C 10% = 4Q.1,

Body growth,; expressed as grams of gain per day was significant (P <:;05) for
each comparison and followed the same order of treatment effect as the hair
cycle lengths with values of 3,6l 3,303 2.88; 2.16; and 1.20 respectivelye.

Skin biopsies were taken after the second regrowth of hair and the hair
dengities, expressed as number of hair per follicular unit, were C 20% = 2.11;
SC 20% = 2,063 SC 10% - 1.863 E 10% - 16665 C 10% = 1.60. Treatment effects
and the 20% vs 10% contrast were gignificant (P <’565)® Heir diameters were
meagured and expressed as the ratio of the primery follicle diameters to the
secondary follicle diameters. The values were E 10%'m‘1844; SC 20% = 1.39;

C 20% = Lo37; SC 10% = 1.83; C 10% = 1.29, and were not significantly
different from each other. These data suggest that when protein ig restricted

body growth and hair growth are restricted proportiomately.
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INTRODUCTION

The mink industry, as part of the agriculture industry in general,
is plagued by rising costs combined with constant or lowering returns.
The response to these economic pressures has been the amalgamation of
many of the small ranches into larger and more efficient units. In
addition the principal ingredients of the diet for mink have changed
from horse meat to scrap fish and pouliry by-products.

RBeduction in feed price sghould not sacrifice quality, but rather
be those feeds which result in the most ecomomical production of quality
mink pelts. TFisgh and poultry by-products have in many instances replaced
horse meat; however, all these products are expensive and not continually
available, as well as requiring refrigeration. The Trend boday is away
from fresh ingredients such as meat, fish, and packing house offal from live=-
stoek and poultry, and towards such dried foodstuffs as fish meal, blood
meal, cereal grains, and soybean oil meal. These dry feeds represent
economic savings in that no refrigeration is required, spoilage and the
possibility of food poisoning is reduced, labor for ration preparation
is reduced, and supplies are readily available and may be lower in price
than fresh ration ingredients.

To evaluate these new diet ingredients, certain criteria must be
established which relate to the performance of mink. Most research to
date has used the standards established for farm animals, such asg body
growth or weight, body size or body lengthe. With mink this is not neces-
sarily adequate, as the pelt and not the carcass is the saleable product.
Mink should not be pelted before the fur is prime, which is generally near
the end of November, whereas, maximum body weight is reached sometime in

Qctobers



Since the pelt is the saleable produch, a criterion for evaluating the
dietary effect on furring would seem desirable. The basic question of
what makes hair grow also warrants investigation.

The evaluation of pelt quality is very complex. However, a measure=
ment of hair demsity is fairly readily obtained, and could possibly be
one of the criteria used to evaluate the economic value of pelt quality,
along with color and textbure.

As protein sources change by the introduction of dry rations and
hair is mainly protein, varying sources of protein were investigated
with respect to the growth, digestibility, and effect on hair growth of
growing mink, Hair density as a measure of the effect of diet on pelt
quality, was the criterion used to evaluate hair growbh.

An experiment, utilizing purified diets which were fed to rats, was
initiated in order to eStablish, more clearly, the effect of protein

nutrition on hair growbh.



REVIEW OF LITERATURE

PROTEIN REQUIREMENTS

The National Research Council (1953) has recommended protein levels
for mink of 22 to 26 per cent, on a dry matber basis, from 7 to 16 weeks
of age, and 16 to 22 per cent from 16 weeks to maturity. Sinclair (1960)
and Allen (1962) suggested that the protein levels recommended by N.R.Co
are too lowe. Conventional ranch mink rations contain sbout 40 to 50 per
cent protein on o dry matter basis (0ldfield 1968). Sinclair (1960)
reported that a 27 per cent protein ration, as compared to 44, 37, or 8L
per cent protein rations% was sufficient in quantity and quality for mink
from 7 to 27 weeks of age. Allen (1962) suggested that a 186 per cent
protein ration was not sufficient for opbtimum growth, a 22 per cent ration
was too low for adequate disease resistance, and that a 28 per cent protein
ration appeared to be nearer to the optimum for good growthe 0Cldfield (1968}
stated that mink growth and fur production remains quite good at protein
levels of 30 and even 25 per cent, but at lower protein levels both growth

and fur production of the mink tend to be reduced.

DIGESTIBILITIES

Wink appear to be able to adequetely digest the wide variety of products
normally used in their rations. Loosli et gl. (1940} have reported dry
matter digesbibilities of 70 o 78 per cent; protein digestibilities of fresh
protein feeds are reported at 84 to 93 per cenb; of processed protein feeds
72 to0 73 per centsy of N.F.E. 65 to 85 per cent and even raw starches appear
to be well digested. Leoschke (1959) using mink measured true digestibility

of fats which ranged from 91.9 to 97.2 per cent.




Apparent digestible protein studies of common mink feed ingredients
indicated that chicken feet had a protein digestianbcoeffieienx of 52.4
per cent,; while chickenvheads had a coefficient of 78.2 per cent, and
other substances registered varying percentages with horse meat having
the highest coefficient 92.1 per cent. Roberts and Kirk (1964) reported
that the protein digestibility of three species of fish fed to mink ranged
from 87.1 to 90.6 per cent. Protein digestibility 6f dry cereal meal was
estimated to be approximately 70 per cent (Roberts & Kirk 1964).

Loosli and Smith (1940) estimated that 1.64 grams of hitrogen were
required to maintain nitrogen balance in mink fed a ration which wes
adequate in energy. A sparing effect of digestible energy on protein was
noted by Sinclair (1960)., He also repofted a significant difference
bétween 8ge groups in nitrogen retention. Age sppeared .0 have a varisble
effect upon protein digestibility of male mink. When a low protein (22 per
cent) diet was fed digesfibility increaéed as the animals became older (11
to 21 weeks)e At a dietary protein level of 28 per cenﬁ the effect of age
ondigestibility still could be detected ﬁlthough to a lesser e#tentg Mink
fed diets containing 30 té 387 per cent protein did not demonstrate any
éffect of age on protein digestibility. Age and sex of mink appeared to
have no effect on the digestibility of energy when proﬁein levels were
below 30 per cent. However, male andyfemale mink digested gross‘energy
(from 5.0 to 5.7 keal/g) o a greater degree at 25 weeks of age than at 15
weeks of age when prétein levels were between 30'and 37‘per cent (Allen |

1962).

ENERGY REQUIREMENTS
The National Research Council indicate the energy requirements for

mink to be 124 célories/kilogram body weight, or 2,370 calories per quare



Zeter of body surface area. The National Research Council also suggests
that mihk can efficiently utilize raw wheat or oat cereals as a source
of energy. |
Allen (1962) introduced the concept of the caloriesprotein ratio,
the ratio of apparent digestible energy to apparent digestible protein.
The ratio of gross energy to crude protein represents an estimate of the
ratio calculated on an apparent digestible basise. A% gross energy intakes
greater than 5.0 kcal/g of dry matter, the body weight of male mink in-
creased as the ratio of apparent digestible energy to apparent digestible
protein decreased from 34 to 12, Therefore, with an enérgy level of 5.0
keal/g in the ration, the optimum energy protein ratio appears’to‘be
between 12 and 18, A similar increase in growth‘occured for malesg which
were fed energy levels lower than 5.0 kecal/g , but the growth increase was
lower than for the mink'fed the higher energy diets. It was observed,
however, that liparous mink tend to produce a longer pelt, and in order
$0 encourage fattening the energy protein ratio should be increased to 17

for males after sixteen weeks of age and this ratio maintained until pelting.

DRY RATIONS

Kifer and Schaible (1955) formulated and pelleted a dry ration cone
sisting of soybean oil meal, fish meal, herring nieal9 dried meat scraps,
livermeal, fish glandular hydrolysates, dried solubie blood, fish solubles,
cooked cereal and yeaste Although the dry diet used in this experiment
did not allow as rapid gainsg during growth as the control horse meat ration,
the dry diet appeared to be adequate for maintainance. The weight differ-
ences between the control and experimental groups were more the resultvof

fattening than of any other factor. Water consumption appeared o be g



problem in that, in the winter with the dry diet, all the water had to
be obtained from the frozen water in the watering cups. This probably
restricted water intake and may bave effected the performsnce of the mink.
Oregon State University Experimental Station has conducted growth
trials for seversl years using dry diets mixed into a paste. The dry
ration consisted.of 20.2 per cent herring méal; 14.8 per cent blood meals
16.2 per cent lard§ 29,6 per cent oat groats énd 19.3 per cent of supple-
mental ingredients such as soybean meal, molasses; brewers yeasﬁ; beet
pulp, and wheat bran. The growth curves of mink on the paste diets were
generally lower than the control diets, but fur color was superior for the
mink on the paste diets. Fur quality of the‘paste diet fed mink was
equivalent or lower then the controls. The incidence of wet belly, an
unprime condition on the belly, was.reduced about a third for the mink
on the paste diet compared to the control diet, but feed wastage due to

the lack of binding in the paste diet resulted in increased feed costse

HAIR CLASSIFICATION, GROWTH, and REPLACEMENT

Three general classifications of hair cycles have been suggested by
Ryder (1964) which consist ofs first, seasonal moults e.g. minks second,
waves of growth which regularly pass across the body, e.g. ratsy third,
hairs are replaced irregularly with each follicle having its own cycle
apparently independent of that of its neighbour, e.g. men.

Mink have two moults annually; a spring and autumn moult, which
consist of the old hairs being replaced by new hairs while in contrast,
the fox only moults once a year.

In the rat, the formation and elongation of the hair ends at about

17 days of age, and congstitutes the growing stage of the hair.

>



The transformation into a quiescent condition occurs within an interval
of three or four days and usually by 21 days of age the root of the hair
is securely lodged in a resting follicle, which remains inactive until

3l or 32 days of life. This resting period and growth period constitutes
2 hair cycle, which occurs approximately every 30 to 34 days. This cyclic
hair growth in rats occurs as a wave over the body. Activity in follicles
of the venter may be observed 2 to 3 days before it occurs in the dorsum.
Thus, the wave begins in the venter, spreads dorselly, then anteriorly and
posteriorly (Butcher 1951).

Ebling (1964) has broken the hair cycle down into three phases, in-
stead of the two of Butcher: first, anagen, or the period of activiby of
growth; second, catogen, a short transition phase during which the hair
-forms s clubg third, telogen, the resting stage.

Noback (1951) has written a review on the morphology and phylogeny of
megrmalian hair from which the following classification of hair types was

taken.

TYPES OF MAMMALTIAN HAIR
lo Hair with specialized follicles containing erectile tissue. Large,
stiff hairs that are preeminently sensory have been variously designated
as feelers, whiskers, sensory hairs, tactile hairs, vibrissal, etc. These
occur in all mammals except man, and are grouped essentially as followss
I. Active tactile hairs - under voluntary conitrole.
II, Passive tactile hairs = not under voluntary contwol.
a) Follicles characterized by a circular sinus.
B) Follicles without a circular sinus.
2. Hairs with’follicles not containing erectile tissue. Most of the re-

maining types of hair are more or less defensive or protective in function.




In many cases, the follicles have a good nerve supply, endowing the hair
with 2 passive sensory”function@ These hairs are grouped according to
their size and rigiditye.
I. Coarser, more or less stiffened "overhair®, guard hair,
top hair.
a) Spines: Greatly enlarged and often modified defensive
hairs, quillse |
b) Bfistleéa Firms usually subulate, deeply pigmented
and generally acatﬁefed hairse. “Transition hairs®,
Leithaore, “protective hair®, “primary hair®,
"overhair®,. This group also includes mane hairs.
e) Awns: Hairs with a firm, generally mucronate tip
but weaker and softer near the bése@ “Grannenhaare®,
"overhair", "Protective hair".
IT, Finé~uniﬂ@mﬁ¥ soft “underhair®, ground hair®, “underwool®s
a) W0013~Long, sefﬁ“usually cﬁrly hair.
b) Furs Thick, fine, relatively short hair, “underhair®,
“ywool hair®e - | o
¢) Vellus: Finest and shortest hair. "down", "wool®,
fuzz', "languo. |
The following comments, again from Noback (1951), supplement the above
classifications The guard hairs are listed in a series from greater to
lesser rigidity; (in order; spines, bristles, and,awns)e‘ There are many
interguard hairs between the typicel bristle and the typical awn and

these hairs are also interspersed between the typical fur haire



Noback (1951) also presents a brief statement on the relation of the
fiber generations. ‘I‘he first follicles"co differentiate, the primary
follicles, form a trio féllicular groupe Thevessen'izial point is that each
of these primery follicles will be the central follicle of different hair
groups. Later in development, other follicles of the hair group, the
lateral trio follicles, differentiate in relation to these cenbral trio
follicles, fofming a trio of trie's. The ontogenetic studies of follicle
arrangement have added confirmatory evidence to Delleijere’s basic concepd
that in memmals there is a universal and regular grouping of hair follicles.

In general, the early differentiating follicles (central trio‘follié,les)
form the coarse overhair, while the late differenﬁiating follicles
(secondary follicles) form the fine underhaire Lateral trio follicles
produce overhair 1like f.hat of the central follicles crh mtemédiate types
such as awns, which are clasé.ified as overhaiée ‘

Carter (1964) describes the arrangement of hair by stabing thet from
the pre-natal events of skin ontogeny there emérges, in each species,‘the
~%iny complex of strﬁcﬁﬁreé with a pattern of its ovén that may reasombly
in most céuses? “be termed é, hair follicle gx."oup*"’e Fach of these hair
follicle groﬁps in turn becéme a.rfahged into o ﬁa‘btem of their own. These
ha,ir follicle groups in turn become arranged into a pa‘ttérn of patterns over
the a:?a.ila.bla extent of the common integument, These patterns form the in-
dividual and specific 's}aria.tions in the pelage so evident among memmal g.

In the fetus of mink, during the early period of hair follicle fore
metion within the skin, the distribution of hair is uniform. In this early
period of formation only the guard hair i’oilicles are present and these are

equidigtant from each other. As developﬁxent proceeds, each guard hair follicle



ig flanked on either side by a follicle that will give rise %o an inter-
mediate guard hair, thus forming a trio group to form three distinet
bundles of follicles (Dolﬁick et al. 1960), It ié this Yhair follicle
unit® or bundle which Dolnick ef als (1960) use s a criterion of heir
densitye. | | . |

Tanske et al. (1965) have verified the existence of these bundles in
the rat. They found that hair on the rat forms a bristle which ordinarily
contains three hairs in a hair pore; with one of the hairs:being large aﬁd
possessing a medulla. From the point of view of development, the pile-
sebaceous system, fhe sebaceous gland‘ahd the héir bristle have %o bé
emphagized and considered.as'a‘unita

Robbins et al. (1965) studying urinary calculi in rats found that hair
density as measured by the criterion of the "hair follicle group® varied in
that the number of hairs per group decreased~when é iow potassium diet was
fedo | |

| Hardy (1951) suggested that the potential size of the follicle groups

(.00 the mumber of secondary follicles is dominantly imherited), but the
actual group size (number of aétiﬁe foiliclea) in the mature animal (sheep)
seems to vary aceording to the diet fed‘in the first year of life. Thus it
seems possible to alter the group size by nutrition. Thereforeg many
properties of the coat of the sheep seem to depend on the inherited follicle
group pattern and the modification of this by the environment. Perhaps the
same principles apply to obther mammalss

Dolnick (1959) also suggested that hair density may be succeptible to
environment. The hair follicles are formed from buds which arise from the

basal cell layer of the‘epidermis@ Once the‘full complement of hair



follicles is obtained, subsequent hair generations arise at the base of
the follicles already established and, as far as is known, no new follicles
develop; It is in the growing stage that this can be influenced by oﬁtside
factbrs@ When the hair is in the resting stage, it is almost invulnerable

to change.

NUTRITIONAL EFFECTS ON HAIR GROWTH

Many varied factors effect hair growth and were summed up by Houssay
et alo (1964) when they'stétad that varied nutritive, hormonal, or traumatic
factors cen modify the normal rhythm of hair growth waves. waevery it
appears that, while hair 103&&@ animalé is an early and frequent sign of a
deficiency syndrome, severe nutritional dsprivatibns are‘necessary in man
before hair growth is’impaired (Flesh 1961). Slee (1964) suggested that
poor nutrition impeded species moulting and good nutfition merely allowed
it to proceed under the influence of geunetic and other environmentall
factorse Ryder (1964) in sheep, Hutchinson (1964) also in sheep, and Raddi
(1968) in deer have all observed that a low plane of nubrition affected the
appearnaca and texture of the coat, due”to impairmént of the normal cycle.

Chase and Eaton (1959) mention that sick animels, and pregnant females
generally initiate no hew hair growth or, at besﬁ9vhave ocecasional iélands
~or limited waves. Here a lack of requisite nutrition for the follicles is
indicated. Howéverg ”reco#ery" from these states resuits in extensive hair

growth, usually of suéh an‘explosivefnatureAthaz little or no wave phenomeng

can be detected. Iﬁ a sense, the follicles were over ready to go into anagen.

From his studies, Butcher (1959) also consluded that the epidérm,and
its derivatives are easily and quickly affected by the toxic substance or,

in reality, by a lack of nutrition. Bubcher {1937) using rats, studied hair
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growth in relationship to body size and quentity of food intake, and
found that underfeeding greatly rétarded'hair growfhnin that it slowed

down the cycle. The evidence that nutrition affects hair growth is
convinging, but the question arises as to what aépec$ of nubrition in
mink is concerned with hair growth. |

Sims (1968) proposed from his studies of the protein deficiency
disease, kwéshiorkor, that the measurement of the diameter cf scalp hair
was a useful index of protein synthesis in the management of‘cases of
malnutrition. The iﬁcrease in hair dismeter in responge to one month of
adequate protein indicates that hair is sensitive io dietary protein.

In the rat, the finding that a deficiency of sulfur containing amino
acids leads to defective hair growth ié to be expected9 in view of the
important role of the sulfur containing amino acids in keratin formation
(Lorinez 1961).

Reis:and Schinckel (1962} found that two grams daily of L=cystineg, or

an equivalent amount of ﬁanéthionine9 or sixiy'grams 6f céseins when given
abomasaily.to sheep incfeased rate of ‘total wool growfh ﬁer sheep from 35
£o 130%. There was also an increase in the sulfur combent of the wWoole
DL-methionine was found.to be able to replace aﬁ equivalent amount of
L-cystine. This was not unexpected as it is known that both D and I~
methionine can be converted to cystine, via homocystine and cystathionine.
It thus appearsthat protein, apart from its energy value, can specifically
stimulate wool growth and that the sulfur containing amino acids may be
especially important. However, the specific fuanction of cystine in
stimulating wool growth is not known at preseﬁta The gfeater increase in
wool growth obtéined with casein, was possibly a consequence of the supply

of an additional factor or factors limiting wool growthe
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There is no evidence at present to indicate whether the variations in
the sulfur content of wool are associated with any change in the in’senia.l
gbtructure of the fibérs@ Wool fibers can be degraded inbo seweral come
ponents of which {:he largest two are o{ = keratose and ﬁ = keratose. The
K ~ keratose contains 2.5% sul:fur, while the £ = keratose contains 6.0%
sulfure The al'tered’sulfur content of the whole fibers observed was
probably associated Wi’ch.a relatively greater synthesis of & high sulfur
component of wool protein, presumabiy ﬂ = keratose. The é.lterna‘cive would
be a2 uniform chailge in the sulfur cbn:ten’b of theée érotein fractions (Reis
and Schinckel 1962),

Beidence aveilable from studies with mink fed purified diets has
indicated that mink require three unidentified factors, in addition to the
known cystalline vitamins for growbh and survival (Schaefer e al. 1948).
One of the unknown fac'tox:'s‘which is present in liver ha.s‘been degignated
the résidua.l factorvas it is present in the insgoluble residame from a 60%
mathanol exi;ract of liver. Mink kits fed purifj.ed. rations exhibit charact-
erigtic signs of thevresidue i;‘a.ctér deficiency ”by September or October.

I% should be pointed oub that‘%he time of occurence of the residue factor
deficiency in the mink is concurrent with the fur production phases of the
animals® life (Leoschke and Elvehjem 1959). Leoschke and Elvehjem (1959)
present results which indicate that ai‘ginine and'methicnine may replace
the residual factor required by the mink for growth and quality fur pro=
ductiofe This indicates the need for protein, in particulsr a balenced
protein for fur production of mink. |

Dolnick et ale (1960) mixed a high meat diet with uncooked ground
wheat (40%) and choice white gresse (12%)s The mumber of underfur fibers

growing in each follicular bundle of this treatment was reduced, comparsd
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to the high meat diet alone. In mid-December, mink fed the high meat
diet produced a ratio of underfur to guard hair of 2931 and the mink fed
the low meat diet a ratio of 19sle |

Lightbody and Lewis (1929a)s using rats, indicated that by limiting
the protein in the diet, both body growth and hair production are limited
compared to adequately fed animals. The demands for protein for gfowﬁh of
hair appeared to be secdndary in importance to the demands for growth of
what is considered the more essential tissue of the body. | |

In a second experiment, Lightbody and Lewis (1920b) suggested that in
the period of rapid hair growth, hair of g cystineLcontent similar o that
of adults may be produced, if excess cystine is present in the diet. If an
adequate but not excessive amount of cystine is furnished in this early
growth period, the hair may‘contain a higher peréentage of cystine thén that
produced by younger animals. Under these circumstances, howe?erg the cystine
content of the hair is not as great as in the adult or in the younger
animals which haﬁe reéeived an excess of cystine in the diet., Retardation
of gréwth alone did not result in a redﬁction in the cystiné content of
hair. A diet deficient in lysine, when fed to rats retarded growth, bat did
not result in préducticn of hair with an abnormally low content of cystine
or sulfur. |

Iﬁ appears that any limiting amino ascid may stimulate hair growth
when the general growthapfomoting power of that diet is increasged by the
addition of the limiting aminc acide 4 léwering of thé cystine content
of hair results only from =& cys%ineadefiéient diet and the deficiency effect
is removed by adding cystine to the diete. Hair with a normel cystine |
content is thus produced. It seems clear, théreforeg that on a diet
deficient in cystine9 the rat will produce hair containing a medulla differ-

ing in opticel appearance from that of a normal haire
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This hair from a cystine-deficient rat will have proportionally broader
cells, be regularly d.:i_spb:sed3 end to all abpearance occupy a greater
proportion of the fiber. The microscopicel findings suggest that the
lower cystiné con'tém; of hair produced by the feeding of a cystine-
deficient diet is the result of defective keratinization of the hair
fiﬁer, which in consequexme coirtains more of the sﬁlfur-epoor medullary

substance and less of the sulfur-rich cortex (Smuts et al. 1932).
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EXPERIMENT I

THE EVALUATION OF TWO DRY PROTEIN SOURCES IN RATIONS FOR YOUNG

GROWING MINK

Mink rations in commercial operations are often composed primarily
of frozen whole fish. In this study frozen fish was replaced by dry
protein sources on an eqpivalént dry matter basis to formulate test
rations. Kirk (1968) presents data which suggesis that fish meals may
be used to replace 50 per cent whole fish in the diéte Thus, by
changing the pfotein source, some information might be gained as to
the usefulness of soybean meal and herring meal in dry rations, as well
a8 to compare thé utilization of plant and animal protein by mink.
Soybean meal, a protein source relatively low in methionine, was of

special interest for its possible effect on hair growth.
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MATERIALS and METHODS

Forty-five male Sapphire kits, born and raised at the Manitoba Fur
and Game Station were randomly allcited to three treatment groups. Mink
were penned individuslly in a conventional breeding pen, with a nest box,
and inside feed boards. They were fed a growing ration from weaning to
the start of the experimental period. The experiment stérted on July 18th
or when the kits were approximately 60 days of age. The experimental
rations were introduced to the mink over a two-week period by substituting
five or ten per cent increments of the test diets to the standard ration,
S0 that the animals were being fed their respective test diets by Augush
1ste The mink were tested for Aleutian disease at the start of the trial
and only negative mink were used.

Composition of rations are presented in Table I and analyses of rations
are presented in Table II. Iach ration analysis'represents an average of
the analyses from three diet mixes. Two analyses are presented for the
herring meal diet, one containing the added fat, and one the average of
two anelyses of lots with no added fat. The‘high protein herring meal
increased the ration protein percentage and reduced the ration calorie/
protein ratio to a level congidered to be less than optimum for mink, To
more nearly equalize the calorie/protein ratio of the three rations at
approximately thirteen, stabilized animsl tellow was added to the herring
meal raticn; The mink fed the herring mesl ration, subsequently appeared
to be depositing considerable fat during the early pért of the trial, whch
could possibly have an effect on furring. The fét was therefore removed
from the ration on September 7th in an attempt %o overcome this difficulty

and equalization of the calorie/protein ratio was sacrificed.




TABLE i

COMPOSITION OF RATIONS
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RATIONS

Ingredient Control Soybean Herring
(kgo per mix) MEAL KEAL
Horse meat 4,55 4,55 4,55
Hypro¥* 6.82 6.82 6.82
Rew Cereal (A mesl)®  11.36 11,36 11.36
Frozen Fish . 22.73 - -
Soybean Meal - 6;93; =
Herring Meal = - 6.55
Beet Pulp - - 29
Tallowes - 2.27
Water 11.36 22.73 20.45

#* A commercial chicken waste product manufactured by

Maytex Corp., New York.

** Removed on September 7th.

* Pormula of Monitobs Fur and Geme Stations

41,0% TFine CGround Flaked Whest
41.0% TFine Ground Rolled Oats
9.0% Brewers Yeast

5.0% Whey

3,0% Iodized Salt
1.0% Mineral and Vitemin Mix containings

10g. Iron Sulphate
6g. lManganese
2g. Cobalt

1.1 mge Vita Blz

208,125 IU Vit. 4
2,500 IU Vit, E
46,875 IU Vit. D

3



TABLE I

CHEMICAL ANALYSIS OF MINK RATIONS*

Control Soybean Herring lHeal
Meal
With fot Without fat

Dry Matter % 38.1 40,5 47.9 42,2
Pat % 12.6 7.2 19,3 9.0
Energy Cal/g 4.97 4072 5.85 4.90
Ash % 77 6.0 6.9 765
Protein % 38,5 34,5 38.2 41,5
Cal/protein ratic 12,9 18.7 14,0 11.8

* An average of three amalyses for each ration except herring
meal ration which was one analysis with the added fat and

an average of two analyses without the added fab.
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The feces of the mink fed the herring meal ration were very locse, and
this condition wa.s corfected by the addition of approximately .29 kg
of beet pulp to each ration mix. The horse meat, hypro, and figh, were
ground in e half inch grinder, and each ration was mixed in approz-
imately S50 kgo lots in a paddle type mixer. Water was added to make
a hamburger liké consistency. The average quantities of water added
weres control 11.36 kg; herring 20.45 kg; soybean 22;73 kg and the
rations were then stored at O'F until fedo TFeed was removed from the
freezer daily and éllowed to thaw untii feeding timé® The miﬁk were
feé.each afﬁernoon aﬁ 4300 pome and a Sméll feeding each morning at
8:00 Bolle | |

Nitrogen balance triels were carried out during each of the three
periods of the teste The balance trials were conducted beginning on
August 14th, corresponding to the late growth period; October lst,
correspbnding to the furring period; and November 7th, corresponding
to priminge. Three mihk.were gelected from each treatment group and
were used for all balance trials, except; one mink on the soybean meal
retion which was replaced after the first triale A five day collection
period was preceded by a foﬁr day adjustment period in each of the balance
trials. The same feeding schedule was followed in the balance trial as
for the growth stu&y$ as described earliere. Total feces and spilled or
fefused feed were collected before each feeding and‘stored at 0'F. Urine
collected in two mle conce HCL was measufed.dailys before the afternoon
feeding, and then ﬁlaced in the total collection of urine which contained
fifty ml. of toluene. The funnels were wéshed with 500 ml. of water

daily which.was also added to the urine collection.
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Following completion of the balance trial a ‘respresen'tative sample of the

'tota;l urine frbm each mmk was anslysed for nifrogen@ Feed and feceé were
oven=dried aﬁ seventy degfees Centigrade %o a constant weight, and finely
ground in a Wiley mill. Feed and feces were analyséd. for dry lznedsﬂl;ex"*9
protein, fat, ash, a.nd energy.

Nitrbgsn analysis on feed, feces, and urine was carried out uging a
macro-K jeldahl procecmre (A@O@Aeﬁe) and gross energy was determined using
a Parr adiabafcic oxygen bomb celorimeter. Ether extract was determined
by the A.0.4.C. method.

Mink were anaesthetized with ether and skin sections were obtained
from & random semple of nine mink on the first of Augus*i;vor prior %o being
fed the test rations, and from fifteen mink, five from each treatment group,
in late November or Dacemb.ez':*e> A biopsy tool, 'simiiar to that of Carter and
Clark (1957) wes used and the samples were bb'ta.ined Just off the central
dbrsal line over the last ribe The skin tissues, fixed in 2 ten per cent
formalin solution, were cut horizontally at a thickness of eight microns,
using routine histological techniquese‘ Sections obtaiﬁedvat the depth of
the sebaceous gland’ were Stained with haematoxylin and Van Gieson's coun‘i;erm
stain. The number of hair follicles per pore or the ratio of underfur to
guard hair, was the ériterion'ﬁsed to evaluate density. Ten pores per
animal were counted using a microscope at a magnification of 280X,

Statistical analyses were performed following the methéds outlined

in Snedecor and:Gochran i967.
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RESULTS

Average weekly wéights of the mink on each treatment are separated
into the three physioclogical periods, late growth, furring, and priming,
and are presented in Figure I. Weight gains for treatments for each
period are shown in Table IIX., At the concluéion of the triélg on
November 7th the average weights of the mink weres 1992 kgs 1.87 kgs
1.78 kg3 for the control, herring and soybean diets, respectively. There
was no significant difference (P 2 «05) in final weight. In average daily
gain among the ‘crea'tmén“bs, there was, howevérs a significant (P ( .01)
interaction between months and treatments, in that the mink on soybean
treatment exhibited a different growth raie pattern than the mink on the
other two dietary treatmehts@

Apparent digestion coefficients and percentage of absorbed nitrogen
rebtained are presented in Té,ble IV. The digestibility of protein and
energy were the criteria used to measure the ability of the mink to utilize
the diets during each period. | |

Digesbibility of dry matter (Fige IT) was significantly (P { o01) less
for the mink féd. the soybean diet than for the mink fed the herring dieb.
The dry matter digestibility of the control diet was- significantly greater
(P { <01) then the dry matter digestibility of the herring snd soybean
diets. Periods were not significantly different (P> .05), bub the imter-
action between'period and treatments was highly significant (P { .01}, which
was due to the removal of the fat from the herririg ra'tion@ Digestibility of
energy followed the séme‘pa‘btefn ag dry matter digestibili‘ty except that

periedswere signifiéanﬂy different (P { +05) for energyo
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FIGURE I

AVERAGE WEEKLY WEIGHTS OF MINK (GROWTH CURVES)
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AVERAGE DAILY GAIN (GRAMS) OF THE MINK FOR EACH PERIOD

Period I
Auge 1 to Aug. 29
(growing)

Period IX
Aug. 30 to Qct. 17
(furring and growing)

Period III
Octe 18 to Nov. 7
(priming and main-

tenance)

Standard errors

Soybean Herring Control
11.8 18,0 15.2
7.8 6o7 6.1
=07 =266 0.8
+ 0.94 * Q.87 * 0.84
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TABLE iv

APPARENT DIGESTIBILITY COEFFICIENTSH®

Treatment Dry Organie Retained
Pericd Matter Matter Protein N % absorb  Energy Pat
Auga 14 66@6 6?&8 7996 4@6 70@2 86@0
SOYBEAN
Octe I  69.5 7067 82.1 10.8 74,1 9L.0
DIET
Nov. 6 66.6 67.6 8005 14.6 70.8 8865
Auge.l4* 79.9 81,9 83.7 14.8 83.5 9301
HERRING
Octe 1 74,5 76.8 82.8 1667 79.1 93,7
DIET ‘ ,
Nove 6 78.5 755 814 10.4 7765 9l.4
Auge 14 76.5 79.3 84.7 11.6 8LleS 938.1
CONTROL
Octs 6 76,4 78.9 85.9 15.5 82.0 94.8
DIET
Nove 6 785.4 782 84,8 6o7 8067 928

* = Aug. 14 Herring ration had added fate

** = Average of 3 mink per observation.



FIGURE IZI

APPARENT DIGESTIBLE COEFFICIENTS FOR DRY MATTER AND

ENERGY
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FIGCURE II1

NITROGEN UTILIZATION

As Per Cent Digestible Protein
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The mink fed the control diet digested significently (P { .01) more
protein than the mink fed the herring and soybea,nhmeal diets (Fig; I1I).
The mink fed the soybean meal diet also had lower (P ( o01) digestible
protein coefficients than mink fed the herring meal dieter The within
treatment vai“ia‘bion was very small for the analysié of apparent per cent
digestible protein. The nitrogen retention data (Fig. 1V) , however,
showed such a large variation that F tests were not statistically signif-
icant (P .05). In fact all the F values were less than one. The
variation remained regardless of how nitrogen retention was expresseds
as grams nitrogen retained; as a per cent of absorbed nitrogen retained;
or as a per cent of consumed nitrogen retained. Values for Nitrogen
retained as a per éem: of absorbed nitrogen and digestibility of protein
during each time period is shown in Figure III, and illustrates"the trend
of the trestment by period interaction, even though i{; was not statistically
significant (P) .05). | |

Due to the large animal variation in nitrogen balance, it was decided
to investigate the influence of age on the nitrogen balance data (Fige V)o
For the balance trialé three groups of three littermates were originally to
be used to reduce animal variation. A third set of three was not available,
so three mink of approximately the same age were used. One mink on the |
soybean meal treatment was replaced,; which broke up a littermate set, but
an animel of the same approximate age was selected as a replacement. The
average birth date for these three groups v;aés group 1, May 8th; group 2,
HMay 1lth; group 3, May 12th. The effect of the three groups (Fig. V) of
mink was removed statisticelly and was highly significant (P ( .O1).

Once this source of varia*bidn was removed, the anaslysis of variance table

wa:s more reasonable in that the values for F were greater than one.
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FIGURE iV

GRAMS OF NITROGEN RETAINED PER 5 DAYS
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FIGURE ¥

NITROGEN RETENTION BY AGE GROUPS

4. Retained Nitrogen as % of Absorbed Nitrogen
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Accurate feed consumption date was difficult %o obtain with mink due
to wastage and the chaﬁge in the moisture content of the feed over timee
Feed consumption was analysed using feed ccnsampﬁioh data from the three,
five day digestibility trials as repregentative samples ofvfeed ¢on-
sumption during eaéh of the three periods, and consumptioé was analysed.
The consumption figures shown in Table V represent the average of three
mink for five dayse

The kilocalories of energy digested was significantly greater (P { .OL)
for the mink on the conﬁrol treatment than for the mink on the herring and
soybean treatmentse. There.was no statistically significant difference
(P> -05) in energy digestibility between the mink fed the herring and
control diet treatments. Mink appeared to digest more kcals of energy in
October than in either August or November, and this period effect wasg
significant (P ( .Ol)s There was no significant interaction between treste
ment and period (P> .05). An attempt wes ﬁade,at the beginning of the
experiment, to equate the gross calorie/protein ratio of the three diets.
The apparent digestible energy/apparent digestible protein ratio (Teble V)
is, therefore, also fairly constant among the treatments. The grams of
protein digested closely parallels the pattern of the kcal. of energy
digesteds The control diet trested mink digesbed significantly (P (. .01)
more protein as compared to mink on the other *two trea%ﬁenﬁs@ In the
month of Octobér a significantly (P ( .0l) greater amount of protein was
digested by mink than in either of the months of August or Novembera There
was no statistically significant (P:) .05} effect for treatmenﬁ by period

interaction.



SOYBEAN

HERRING

CONTROL

TABLE

¥

FEED CONSUMPTION® OVER 5 DAYS FOR MINK

Auge
Octo

Hove

Aug.
Octe

Howve

Auge
Oche

Nove

#*

*i

Consumed Digesbed Digested Digested ADE/ADP  Retained
Dry Dry Energy Protein Cal/prot. N
Matter Matter Ratio
(ze) (=) (kcal) ) (g.)
400.3 266.7 1,302,43 110.8 11.8 0.58
480635 334.1 1,707.75 188.0 12.4 2029
402.8 2674 1,343.27 109.9 12.2 2.48
#*  385.4 307.7 1,720.69 123.2 14,0 2.83
403.2 266.5 1,568.66 185.5 11.6 8,60
309.6 2278 1,268,88 104.1 12.2 1.77
380,2 3169 1,669.41 131l.9 12,7 2033
47804  861.6  1,973,20 158.2 12,5  8.97
437.0 32960 1,723.91 144.8 11.9 1.52

L=

Average of 3 mink per observation.

Extre fat in vration.
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The variation in the grams of nitrogen retained resulted in no
statistically significent differences inbtreatmentsg periods, or
treatment by period interaction. Grams of nitrogen retained over
time (Fige 1V) illustrated the trends among the treatments even though
they are not statistically significant. Removing age effects by blocking,
from the analysis of variance indicaltes agewss highly significant (p € L0L)
and periods was significant at the P ( .10 level.

To examine the effect of ration on hair growth, skin éections were
taken at the gbtart of the test in August. The number of hairs per pore
was 13.6 ¢ 2,06 for a sample of nine mink. Skin sections were taken from
five mink per treatment in the months of November and December to estimate
hair density of mink as affected by dietary treatment. The hair densgities
for the three treatment groups of mink weree: control, 19.5; herring, 20.6;
soybean, 19.6. Statistical analysis did not show any significant differ-
ence among the three treatmentse

Several mink were retained for breeding stock from the three groups
of ezperimehtal animals. The pelt lengths of those pelted weres soyhean
mezal diet (avéfage of»7) 26,3 inches; herring meal diet (average of 2)
26,7 inches; control diet (everage of 6) 25.8 inches, which was not
statistically analysed as pelt lengths from the mink kept for breeders

were not available.
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DISCUSSION

In order to evaluate the response of mink %o various proteins during
the three periods, growing; furring and growing; priming and maintenance,
digestibilities and nitrogen balance trials were conducted, These dats
were intended to aid in the e@ianation of any observed differences in
body growth and hair density due to treatment. Differences in weilght
gains and hair density were, however, not statistically significant (P) .05).
4 significent (P { .01) treatment by period interaction was 6bsemed. in the
analysis of daily weight gains. The interaction suggests that the mink fed
the soybean meal diet followed a different growth curve ag compared to the
herring meal and the control fed mink. In the second period (furring) the
weight gain of the mink fed the soybean treatment decreased approximately
thirty per cent from that cbserved in Period 1, as compared %o a sixby per
cent decrease bythe herring and the control fed mink,

The three different dietary protein sourées used; one a dried animal
protein (herring meal); another a plant protein (soybean meal)s and the
third fresh fish, reSulted in no diffepence in ovérall perfoi'ma.nce of
minke. The reagon for the lack of an effect may be clarified by an in-
vestigation of the digestibility and balance datae ‘I‘hreé possible hypotheses
lend themselves to the explanation of the dats with regard to the similar
observations obtained in hair density and body growth among thea&nen‘tse

L = Energy or some ingredient other than protein
was the limiting facbtor in the dieb.

2 = Protein quality does not effect hair growthe

3 = All three proteins tested were of equal bio=
logical value (either good or poor) resulting

in similar body growbh and hair density.



33

ENERGY ¢

The'fact that the soybean meal diet was least well utilized was
indicated'by reduced apparent digestibility of dry matter which is
probably a reflection of the fiber conﬁént of the soybean meal diete
The short alimentary canal and rapid passage of food in mink ﬁould nob
allow maximum utilization of fiber. Mink fed on the control diet
digested the most dfy matter. The treatment by period interaction in
the analysis of variance probably arose from the change in digestible
dry matter of %he herring meal diet from period I to period II due to
the removal of the fat after period I, Periods or months were not
significantly different (P> ,05).

Apparent digestible energy, a reflection of the digestible dry matter,
indicates the control diet wes superiér to the soybean and herring diets.
Similarily the herring diet was superior as compafe&.to the soybean diet.
The significance of the period by treatment inberaction again reflects the
withdrawal of the fat from the herring diet.

The analysis of the kilocarlories of energy apparently absorbed or
digested revealed statistical significance (B { 001} o Thé mink fed the
control diet digested more energy then the minmk fed the herring diet but
there was no difference between mink fed the herring and soybean diets.
Periods were highly significant (P (\@Ol)@ more energy being digested in
the month of October than in either August or November. Whether this in-
creased consumption of’euergy during October was a result of fai deposition
or whether the increased demands of protein synthesis for hair growth

precipitated the responsewsns not readily apparent.
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The digestibility of energy data appears to indicate that the control
diet was superior to both the herring and soybean diets, with the herring
diet being superior to the soybean diete This order or ranking of the
treatments, I - control, 2 - herring, 3 = soybean, parallels the rank of
the treatments considering final weight, even though the difference among
the final weights of the tréatments was not statistically significant.

Other dry diet formulae (Oregon Quart. Bul. 1967 and Vanlimborgh et
al. 1969) use approximateiy 20% fat in the diets as compared ¢ thig ex=
periment in which the confrol diet contained 12% fat; soybean 7.2%;
herring without added faty; 9.0% fat. As fat is efficiently utilized by
mink, increasing the apparent digestible energy 1é€el by adding fat may
glightly improve the body weight gain df mink fed the herring and soybean
diets and perhaps even bthe mink on the contr’cl.die'i:e Energy, however,
could not have limited body growth very much as the mink appeared to grow

well and produce an adequate pelt length. The pelt lengths weres

soybean meal diet (average of 7) 26.3 inches
herring meal diet (average of 9) 26.7 inches
control diet (average of 6) 25.8 inches

The Cenadian Mink Breeders Association has classified pelt lengbhg inte
five cabegories in which mink pelts sre solds

1 - 28 inches and over

2 - 26 to 28 inches

3 = 24 to 26 inches

4 = 22 to 24 inches

S = under 22 inches
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The averages of the pelted soybean, herring and control treated mink are
near the bottom of the second category which while not exceptional is a
satisfactory size for a mink pelt, particularly when in this case the
gsuperior mink Were}selected and retained for breederss
PROTEINs

dpparent digestibility of protein by mink fed the control diet was
significantly greater (P < .OL) as compared with the mink fed +the herring
and soybean diets. Apparent digestibility of protein for the mink fed the
herring diet was also significantly greater (P< o0l) as compared with mink
fed the soybean diet. When food intake, as well as percentage digestible.
protein, is taken inko accouht it was found that the grams of protein
digested by mink on the control itresiment was greater then for mink on the
herring or soybean treatments. There was no difference in grams of protein

digested between mink on the herring and so;)rbe‘a.nv1;1‘*633,1‘;xn.e:<ri;se Periods were

significant (P .01); and in the month of October, more pfotein was digested

by mink on all treatments than in either of the nonths of August or November.

The increased consumption as gtated above, may be due to increased demands
for energy, protein, or a combination of both. Nitrogen retention by mink
also tends to inerease in October suppofting the hypothesis that the in-
creased demands for protein may result in the increased feed consumption.
The nitrogen retention date revealed such large variations that the
usual analysis reveals ell "F" tests to be less than ones The use of three
groups of littermetes for the balance trials, resulted in a statistically
significant (P { .01) ége effect. This would account for some of the
abnormally high varistion in'nitrogen balance. Nitrogen retention wvs
period is plotted ih Figure V and it appears that age of mink in group 1

in period 1 did not follow a similar pattern to the 'two)\other age groups.
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An explanation may be that, the balance trisl conducted on August 14th was
close to the initiation of furring, and perhaps group 1 mink, the oldest
group, had indeed started furring, resulting in the higher nitrogen retens
tion, as compared to the other two age groups.

When the age effect was removed no significant difference (P> .05)
was found among treatments or periods in nitrogen retentiona Age, however,
was highly significant (P ( <01} in that group 1 retained more nitrogen than
the other two groups. The lack of significance due to the treatment effect
would tend to indicate'that‘there was no apparent difference in utilization
of all three proteins by mink. The grams of nitrogen retained was noi
statistically differant emong the treatments, but periods were gignificant
(P { +10). Thus the grams of nitrogen retained appears to follow the seme
pattern as grams of protein digested and kilocalories of energy digested,
in that the retentionwes higher in October then in eithér August or
November.

As the pelt length of the mink seemed to be adequate, protein quality
and quantity would appear to have been sufficient for body growth. The
amount of nitrogen retained was the lowest by the mink on the soybean diet
but the fact that nitrogen retention and growth of these mink continued %o
increase after period II (October) could possibly'indicate a delay in the
maturity of the mink om the soybesn diet as compared with mink on the
control and the herfing diets. The same pattern seems to be present in the
growth curve of mink on the soybean diet. In period I growth rate of the
mink on the soybean diet was well below the mink receiving the contrdl and
herring diets, but in period II, wheh the mink 6n the control and herring
diets showed a decreased growth rate of approﬁimately sixty per cent, the

mink on the soybean diet only decreased their growth rate thirty per cent.
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This may have been a result of a retardation in maturity of the mink on
the soybean diet, in that in ?erio@ II the herring and confrol treated mink
had reduced growth rate but the soybean Breated mink, not attaining equal
maturity continued to grow into period II.

Lightbody and Lewis (1929a) suggested that body growth seemed to have
a certain degree of prioriﬁy over hair growth for protein. This would then
mean that the additional requirements for protein for fur or hair growth
would have an additive effect on the nitrogen retention, i.e. nitrogen
retention would have to iiicrease during furring, due to both growth and
furring requirements. The nitrogen retention data of the mink tend to
follow this pattern, increasing during furring. However, no difference in
ha.ir density was observed among the three treatments. The question which
now arises is whether the increase in nitrogen retention in the furriag
period wes adequate for optimum hair growthe. As stated previously, the
nitrogen retention of the mink on the soybean treatment appeared to be
marginal, but the hair density of mink on the soybean treatment was equiv=
alent to the other treatments.

Dolnick gt al. (1960) found that, by mixing 40% of a high meat ration
(85% meat) with 48% cereal grains and 12% fat, hair density of mink was
decreased as compared to the mink on the 85% meat dieto In early August
the high meat ration (group 1) had a hair density of 16s1 per follicular
bundle and the diluted ration (group 2) a hair density of 8sl. In mid=
December group 1 and 2 averaged 29:1 and 19s1 respectively. In early
August a representative sample of nine mink from this experiment were

biopsied having an average density of 12.6:1 per follicular bundle.
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As there did not appear to be any difference among trestments in December
all three treatments were averaged resulting in a December average of
18.8sle In comparison to Dolnick®s mink in early August the test mink
were half way between her good group and poor group. In December, how-
ever, the test mink were only just equal to the poor groupe. From this
comparison, the inference may be drawn that mink om 211 three test treat-~
ments, control, herring, and soybean, had low hair demsities or poor hair
growth, and, therefore, that the additional nitrogen retention obsgerved

was not adequate for optimum hair growth.




SUMMARY OF EXPERIMENT T

A feeding experiment wag conducted using three protein sources,
frozen fish, herring meal and soybean meal in rations for mink, There
was no statistical difference in either body weight gain or hair growth
among treatments. Digestibility studies indicated the frozen fish diet
was utilized more efficiently than the herring meal and soybean meal
diets and the herriﬁg meal diet was utilized more efficiently than the
soybean meal diet, During the physiological period of furring in
October, feed consumption and nitrogen retention increased. ‘The
Significance of thig phenomenon, whether it was related to hair growth

or asgoclated with the deposition of fat for winter, was not established.
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EXPERIMENT II

THE EFFECT OF PROTEIN QUALITY AND QUANTITY

ON HAIR GROWTH IN THE RAT

The previous experiment using mink did not demonstrate any difference
in hair density although Dolnick et al. (1960) had shown that hair growth
in mink was affected by nutrition. In the Dolunick et 2l. (1960) experiment
2 high meat diet (85% meat) was diluted with 48% cerealygrains and 12% fat,
which must have lowered the crude éroteia content and also the biclogical
value. TIn the mink experiment proteins of supposedly differen$ bioclogical
velues were fed, but whether in fact the bioclogical valués were different
as judged from the nitrogen balance data of the mink, is questionable.
Therefore; an experiment with rats was initiated in order to investigate
the effect of quality and quantity of protein on hair growth. The rat
was chosen aé the experimental animai because it initiates a new hair

cycle at approximately thirty day infervalse



MATERTALS and METHODS

Sixty male weanling white rats were individually penned and randomly
allotted to six treatments. A4 3 x 2 factorial experiment was initially
set up using three protein sources; dried egg albumen, cagein supplemented
with methionine and unsupplemented casein. Twoylevels of protein, 20 per
cent and 10 per cent, were used for each protein source. The rats on the
20 per cent egg treatment, howevér9 had to be discarded, due to egg white
injury. The remaining five treatments were then anglysed as g completely
random design. The composition and analysis of the diets are presented in
Tables ¥I and VII.

The rats were weighed weekly and feed comsumption data were recorded.
On the first day of the experiment, thé rats were shaved along & strip of
the backe. When the hair appeared to have completely regroﬁng the rats wére
shaved again and subsequently shaved every two days until hair growth ceased
in the shaved area. After the second regrowth of hair, this procedure was
repeated. The length of one complete hair cyclebwas measured from the time
the hair ceased growing initially until it ceased growing the second time.
Skin biopsies were taken after the third shaving. The biopsy wes obtained
to the right of the mid dorssl line, over the last rib. The skin sections
were processed through routine histological procedures and steined with
haematoxylin and Van Gieson®s counter stein. Hair density was determined
as the number of hairs per pore, in a menner similar o that used previously
for mink.

The average time interval of the hair cycle for each treatment was
calculated and the portion of the growth curveg corregponding to a hair
cycle; was analysed with respect to average daily weight gein and average

daily feed consumption of the rats.



Protein
Source

Soybean
0ilL

Gelluloge®

Minersl
Migh®

Vitemin
Misgew

Dextrose
K’H:Z PO 4

Dl=lethe
ionine

W

TABLE VI

CCMPOSITION OF RATIONS AS A PER CENT

Unsupplemented Supplemented
Cagein Casein Egeg
10% 20% 10% 20% 10% 20%
10.7 23.8 10.7 2305 11.5 25,0
6.0 5.0 6.0 3.0 6.0 3.0
3.0 3.0 3.0 3.0 3.0 3.0
3.7 3.7 3.7 3.7 3.7 367
1.0 1.0 1.0 1.0 1.0 1.0
722 60.4 72.2 6004 TLe4 5869
3.4 3.4 34 3.4 3.4 3.4
L=t Y e 092 O®2 it =

- Alphacel (Nutritional Biochemical Co.)
- Brigg*s Salt Mizture (Nubritional Biochemical Coo)

= The composition which is expressed as mg/l4.4 kg
of ration mix.

Tocopherol 25mg; Menadione 50 mgs Choline 135,000 mgg
Thismine 150 mgs Riboflavin 200 mgs Niacin 150 mgs
Pyridoxine 50 mg; Pantothenic Acid 450 nmgs Folie

Acid 1,250 mgy Biotin 5 mgg Vitamin 4 100 mgs

Vitamin B12 6,000 mg; Vitamin D 400 mgs Inositol 50 mgs

Paraminobenzoic Acid 600 mge



TABRB

L E

VI

CHEMICAL ANALYSIS OF RATIONS,

Energy cal/gm.
Protein %

Per cent Amino

EXPERTMENT IT

(expressed as a ¥

of the sample

Lysine
Higtidine
Ammonia

Arginine
Agpartic Acid
Threonine
Serine
Glutamic Acid
Proline
Glysine
Alanine
Cystine
Valine
Methionine
Isoleuecine
Leucine
Tyrogine
Phenylalanine

* =

Unguppl emented Supplemented
Cagein Gasein EG¢
10% 20% 10% 20% 10% 20%
3931 4087 3939 4083 3846 3996
9.4 18.9 2.2 20.3 9e4 20,0
Acid#
)

0.72 1.95 0.66 1.78 0.68 L.45
0.27 0.68 0.28 0.61 0.22 047
0.07 0015 0.06 0615 0.06 0.12
033 0.88 0.3k 0.50 0.50 1.05
072 1.60 069 1.52 0.94 221
0e38 085 0,38 0,82 040 091
051 1.15 051 1.17 0,61 139
2.66 5.99 2.62 609 1.55 300
0,96 2017 0.98 2029 032 0,76
0.22 0.48 021 0,47 0.34 0.86
025 055 D.24 0.56 048 1.05
0,07 013 0.00%%  0,00%% 004 0620
0,57 1.27 0,58 1.3L 058 1.27
0.13 Q.37 0,36 0.73 0.32 0,69
045 1.08 0,47 1.07 00486 1.02
0.87 1.96 0.87 2,01 077 1.70
0.48 1.13 0046 1.16 0.32 0.75
0.48 1.08 046 i1.12 0.56 1.24

The samples were hydrolysed by a modification of the pro-

cedure according to Bragget al. (1966). Hydrolysing time

was 15 hours and amino acids eluted with a pH 2.2 sodium
Amino acids were determined by the method
of Benson and Patterson (1965).

HBE L

citrate buffer.

Negative values were left at zero.



Heir diameters were traced on paper using a camers leucida, and the
diameter of each hair was measured. The diameter of the largest hair per
group (primary follicle) was divided by the average diameter of the
smaller hairs (secondary follicles) to obiain a ratio of the size of the
primary follicle to the secondary folllcles@

Statistical anslyses were performed following the methods outlined

in Snedecor and:Cechisn {1967),



RESULTS

The average weekly weights of the rats on the respective treatments
are presented in Fig, VI. Animal performance was not analysed over the
whole time of the test but only for the interval of one hair cycle, which
wes indicated on each treatmezi‘b growth curve. Rat weight gains per day,
(Table VIII), for the treatments were highly significant (P { .01) which
when broken into orthogonal contrasts showed the 20% superior to the 10%
rations, Table VIII. The supplemented casein 20% and casein 20Y% were not
significantly different (P> 005), but the egg 10% was superior to the
supplemented casein 10% and casein 10% while the supplemented casein 10%
was superior to the casein 10%

The 20% protein rations were less efficient for protein utilization
than the 10% protein rations, Tsble VIIT. There was no significant
difference (P > -05) in protein efficiency ratios between the supplemented
casein 20% and casein 20% rations. The rats fed the egg 10% diet demon-
strated a significantly greater (P { +05) protein efficiency ratie than
rats fed either the supplemented and unsupplemented 10% casein diets. The
supplemented casein 10% treatment wag significantly better (P ( eOS) than
the casein 10% treatment in protein efficiency ratio.

The hair cycle length responded to treatment. The rats fed the 20%
level of protein had shorter hair cycles than the rats fed the 10% protein
ra:tions; The rats fed the 10% egg diet tended to have a shorter hair cycle
then the rats fed the casein and supplemented casein 10% diets (P { +10),
The supplemen‘téd casein vs casein contrasts with regard to hair cycle’length

for both the 10% and 20% level of protein were not sn.gmflcantly different
(p > 005) e



FIGURE viI

AVERAGE WEEKLY WEIGHTS OF RATS (CGROWTH CURVES)
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TABLE VIIZ

COMPARISON OF BODY GROWTH AND HAIR GROWTH CHABAGTERISTICS%

Average Daily Gain (grams).

SC20% .,  B1of, ¢ 20% 56108, € 10%,
2,61 3,30 2,88 2.16 1,20
+0.25"F 4 0.25 + 0025 + 0026 =+ 0629

Length of Hair Cycle (days).

sC 20%& B 10{& c 20,4a sc IOAa ¢ lo%b
3063 S1.1 33,0 35,0 40,1
+1.69 +1.51 +1.81 +1.62 +1.81

Hair Density (hair per follicular bundle).

c 2013% SC 206& SC lO—A& E lO/Lb c 10{.}2
2.11 2,06 1.86 1.66 1.60

+0.12 +0s12 +0.12 +0.14 015

Hair Diameter (ratio of primary to secondary diameters).

B ;!.O/Ea SC 20{5& G 20A& SG lO/sa C 10%@
1.44 1.39 1.37 1,33 1.29
+0.04 +0.04 10,04 F0.04 +0.04

%abcg
" different (P { .05),

44+ - Standard errorse

ORTHOGONAL CONTRASTS Protein Hair Hair
Weight Effic. Cycle Hair Diameter
Gaing Ratios  Length Density Ratiog

Treatments *®® ® % * B # Ne Se

20% vs 10% * ¥ * % * % * % NoSe

SC 20% va C 20% * NeSe NeBe NeSe BeBe

8C 10% & C 10% vs E 10% % = * % No So e 8e Do Se

Treatments with differing - sub-scripts are significantly

SC 10% vs € 10% . . * w % NeSe o Se NeSe

47



Haoir density measurements taken at the completion of the third hair
cycle revealed a significant difference between the 20% é,nd. 10% levels
of protein but other oi‘thogonal comparisons were not significantly
different, Table VIII.

The analysis of hair dismeter on a repregentative gample of six
raty per treatment showed no significant difference (P> .05) due to

treatment, Table VIII.
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DISCUSSION

In this experiment the 20 per cent egg ration was discarded because
weekly weight gains decreased until they beceme negative and also hair
cyeles could not be measured as only half of the rats regrew normal hair.
The possibility thet the avidin in the egg‘white was not destroyed by the
drying process was invegtigated by dividing the rats on the egg 20 per
cent treatment group into two groups. Additional biotin was supplemented
to one of the groups and within g week, weight gain of the supplemented
group of rats had increased and new hair growth was evident. Thus vitamias
particularly biotin apparently affects hair growth. It would seem reagon=
able to assume that, because body growth and hair growth of the rats
receiving the 10 per cent egg ration appeared more normal than for the rats
receiving the 20 per cent egg diet, some biotin was available in the diet,

The weight geins in grams per day of the rats in treatment groups
arranged in order of magnitude from high to low (Table VIII) ares SC 20%;

E 10%; C 20%; SC 10%; C 10% The rate growth rates were significantly
different (P ( «05) for each orthogonal contrast pérformed (Table VIIT).

Feed consumption in grams per day for the treatments averageds SC 20% - 18,99;
E 10% = 18.115 C 20% - 17.97; SC 10% - 14.88; C 10% = 18.77. 4s all five
diets were isoceloric, protein, the only variablé among the diets, must have
been related to the differences in feed consumption which resulted in diff-
erent rat performence. An imbalance of amino acid in proteins appears %o
affect feed consumption which in turn is reflected in body weight gain,

4 20 per cent protein diet is the Netional Research Council recommended
level for rats. This protein level was probably more than adequate and
corrected any possible imbalance. Feed consumption or body growth were not

affected to any great extent when the 20 per cent protein diet wasg fedo



Munro (1964) suggests that at low intakes virtually 100 per cent of the
absorbed amine acids from whole egg are utilized.forbtissue replenishment.
The biological value for egg albumin and casein héve been cited at 97 and

69 respectiveiy (Munro 1964). The 10 per cent egg ration, therefore, should
not have an imbalance, énd consumption should be similar to the 20 per cent
protein level diets as was the case. The rats fed the 10 per cent supple-
mented casein and 10 per cent casein diets ste iess feed and had lower weight
gains suggesting an imbalance of amino acids in the diet.

The question arising now is whether hair growth follows the same trend
as body growth. If the effect due to ration on hair growth follows the same
trend as the effect of ration on body growth this would indicate that body
growth has priority for protein over hair growth. If no ration effect.on
hair growth is shownlcr if a trend differing from thét shown with body growth
is exhibited, then hair gfowth would seem %o be independent of body growthe

The length of the hair cycles (Table VIIT), when arranged in order of
magnitude from high to 1ow; seems to follow the same trend as the order of
the weight gains. The means of weight gain, hair ¢y0139 and hair density,
were tested by a Duncens test, which is shows in Teble VIII.

The heir density measurement was difficult to oﬁtain due to the problem
in defining the follicular unite. In the fat the follicular unit is not as
clearly defined as in mink. The order or rank of’the hair density measure-
ments from high to low iss C 20%; SC 20%; SC 10%; E 10%; G 10%. The trend
is similar to that of weight gains, except for'the egg 10 per cent ration.

The ratio of the diameters of the primary to secondary hairs was, at
best, a crude measurement as the diemeters were traced on a page with a2

camera leucida.
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No significant difference was shown among treatments, but the rank was:
E 10%; SC 20%; C 20%; SC 10%; C 10%.

The treatment which deviated or varied most in $he three measure=
ments of hair was the egg 10 per ceut. The supplemented césein 20 per
cent and 10 per cent, the casein 20 per cent and 10 per cent all followed
a pattern similar to the pattern of the welght gains, for all three
criteria of hair growth. This variation in the ranking of the egg 10 per
cent ration may or may not be a result of the avidin present even though
the acute symptoms of biotin deficiency were not observed. Presuniably9
the low level of dried egg albumen, 11.5 per cent, did not contain enough
avidin to combine with or complex with all of the biotin in the ration.
Whether enough avidin was present to effect hair growth by Limiting the
bioctin available is not known, however; this possibility sxigts.

If a score of one for first position, two for second position, ebec.
is attached to each treatment for its ranking with respect to the three
hair growth criteria, then an average rank for the hair growth criteria
can be obtained which is: SC 20% = 1.67; E 10% - 2.83; G 20% - 2,383
SC 10% = 8.83; C 10% = 5.00e The general trend of hair growth in response
to protein seems to parallel the regponse of body growth to the protein
source, thereby indicating a priority of protein for growth over hair.

The analysis of variance, uging orthogonal contrasts (Table VIIT) demon-
strates a significant superiority (P{ .OL) of the 20 per cent level o
the 10 per cent level of protein. The:préximity of the egg 10 per cent
treatment to the casein 20 per cent treatment in body growth and hair
growth is interesting in that it suggests that quality as well as quantity

of the protein affects hair growith and body growth;
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Methionine supplementation of casein did not appear to improve the perform-
ance of cagein to equal egg indicating that hair growth does not seem to
be limited by total nitrogen or sulphur containing amine zeid but seems

to respond to protein quality in general.
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SUMMARY OF EXPERIMENT IT

A foeding trial was conducted to examine the effect of three protein
sources fed at two levels in the diet of rats. Body growth was signi-
ficantly different (P <';05) for each dietary treatment. The effect of
the various protein levels on hair growth was approximately proportionsl
to the effect on body growbthe

Hair growth in the rat appears to be limited when dietary protein is
restricted either in quality or quantity. Protein ig apparently conservéd
for more vital body functions by diverting the protein needed for hair
growth. The diversion is not complete in that hair growth does not cease
completely but is decreased with the effect ofs

1 = Increasing the length of time reqﬁired to
complete one full hair cycle.

2 = Fewer hairs per pore.

3 - The diameter of the primary hair mey be

reduced.
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GENERAL DISCUSSION

The three protein sources, frozen fish, herring meal and soybean meal,
compared in experiment I appeared to be sufficiently utilized by the mink
to provide adequate mink growthe The data indicated that either or both
of the dry protein sources, herring meal and soybean meal, could be form-
ulated into a dry mink diet in order to contribute a protein source to the
diete |

The level of dietary protein used in the experiment was epproximately
35% which is higher than the 28% level that Sinclair (1960)and Allen (1962)
have suggested as being adequate. The cost of dry ra’cion formulae may be
reduced by lowering the quantity of the protein in the diete. The high level
of protein in the experimental diets may have masked any differences in hair
growth and body growth. Feeding excessive amounts of protein to supply the
limiting amino acid in adequate amounts also supplies excessive amounts of
other amino acids which is wasteful and opens the possibility that this
"imbalance" may actually be resti‘ictive to growth (Bé,llouzi 1967).

To reduce protein quantity end maintain animal pefformance, protein
quality must be maintained or improved. For example in experiment IT the
10% egg diet fed to the rats produced body weight gaiizs equivalent $o the
supplemented casein 20% and casein 20% rations. Balloun (1967) states that,
®Tt is commonly accepted that feed {or food) proteiﬁ must be balanced to
the needs of the animal in its c;ontem. of essential amino acids in order to
insure a maximel state of nutrition". Three generél methods which have
been employed to insure this balance of amino é.cids ares

1. Increasing the total quantity of protein ingested daily.

2o Providing protein from a combination of sources.

3. Supplementation with a specific eamine acid which is apt

to be lacking.
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HMink Producers generally, according to 0ldfield (1968) are formulating
and feeding mink diets containing 40 to 50% proteih@ This high concen-
tration of protein has been thought o be necessary due to the poor quality
proteins and the high pfoportion of by-products used in the rationse
Sinclair (1960) and Allen (1962) suggest that the protein requirements
appear to be met with a 28% protein diet, which possibly can be reduced
even further provided a high quality protein is fed.

Protein quality may be increased by combining two protein sources which
mutually complement one another. Both herring meal and soybean meal appear
to be adequately ubtilized as protein sources for mink rations. Good quality
fish products do blend well with soybean meal into a combination in which the
protein sources mutually complement each other for chicks since fish products
tend to be a good source of sul fur containing amine acids (Balloun 1967). A
mixture of soybean meal and herring meal may well provide an effective protein
source for mink.

As defined above, a balanced protein or high quality protein must meet
the needs of the animal with respect to essential amino acids. 4 problem that
arises with mink, however, is that the essential amino aclds necessary for
growth and/or fur production have not been clearly defined. Hair has a diff-
erent amino acid composition than body tissue and, therefore, mink may require
a different amine acid ratio duiing the furring period than during nonfurring
for optimum fur production.

The apparent increase in nitrogen retention for mink observed inm October
suggests two possibilities. Eithér the required pattern of amino acids chenges
during furring as compared %o growth only or nitrogen is used more efficiently

thereby allowing the increased retention. The additional nitrogen retention
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observed during the furring period could represent an additionsl nitrogen
requirement for hair growbth. If this extra nitrogen is for hair growth, the
question arises as to how much extra nitrogen is required for optimum hair
growth, and vhat amino acid pattern would give optimum nitrogen retention.

Dolnick et al. (1960) have shown that mink hair growth was affected by
autrition, in thet the number of hair per follicular unit was changed. In
Experiment I none of the three protein sources; soybean meal, herring meal,
or fish, produced an effect on hair growthe in mink. The high lewel of
protein and the contribution of protein from the other ingredients relative
to these three sources in the ration may have masked any effect of the
individual protein source on hair growth.

In the rat, protein hasg been shown %o affect hair growth (Heard & Lewis
1938, Lightbody & Lewis 1929 a; b, and Smutts gt al. 1932). In Experiment 1T,
involving rats, a prioriiy of body growth over hair growth for protein was
suggested. When protein igs marginal, the rat seems to comserve protein by
diverting it from hair growbth. The three criteris of hair growth measured;
hair cycle length, hair density, and hair dieameter 21l seemed to be affected
by protein. Therefore, protein seems to be conserved bys

l. CGrowing less hair per day, i.e. the length of time required

for one hair cycle varies dipectly with the supply of protein.
2 The hair coat is less dense or fewer hairs are grown per pore.
3. The ratio of the diameters of the primary to secondary folli=
cles decreases with poorer nubrition.
Butcher (1987) found that by restricting the daily feed of the rats to four
grams, the hair cycle was retarded, A%t this level of feeding both protein and
energy were limiting. A similar effect was found in Experiment II by limiting

proteins but not energye.
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A retardation in the appearance of hair after plucking the hair from
underfed deer compared to adequately fed deer was observed by Raddi (1968).
Raddi (1968) found thaet the size of the medulla was also affected by
nutrition in deer. Smubs et al. (1932) noted that a cystine deficient diet
fed to rats produced hair containing a medulla differing in optical appear-
ance from that of normal hair of rets. In the ra% the primary hair possess
a medulla but the other hair in the bristiz are fine and without medulla,
(Tapaka ot al. 1965). Thus the diameter of the primery hair should vary more
relative to the secondary hair resulting in a lower ratio with poorer nutrition. o
Simg (1968) proposed the measurement of scalp hair diameter in humans as s
useful index of protein synthesis in the management of cases of malnutrition
(kwashiorkor). Lightbody and Lewis (1929) found that +he cystine content of
the hair varied if cystine was Limiting in the diet of rats, suggesting some
change in the make~up of the hair. Sheep have a continuous rather than cycliec
pattern of hair growth. However, Reis and Schinckel (1962) have demonstrated
that supplezﬁents of L-cystine, DL-Methionine, or casein, given to sheep per
abemasum increased wool growth from 35 to 130% Thus showing that protein
does affect wool growth in sheepe.

Thus hair grovrhh seems to respond to protein nutrition in rats, and
sheep. Dolnick gt al. (1960) also suggests heir growth in mink responds to
protein nutrition. It appears advantageous to further investigate the response

of hair growth in mink to protein in order to produce quality pelts with

maxinum efficiency.
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