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O P S O L I , I 4 I N G :  D I E  A A N P A S B A A R H E I D  V A N  S I M M E N T A L E R  B E E S T E  I N  S U I D  E N  S U I D W E S - A F R I K A  M E T  S P E S I A L E

V E R W Y S I N G  N A  H T J I - T - E  K L O L ] E

'n Studie om die afs lyt ing van k loue verkry vanal  l 'erski l lende rasse het  n ie d ie ste l l ing dat  donker gepigmenteerde k loue meer weerstand

b ied  as  d ie  l i g  gep igmenteerde  k loue  beves t ig  n ie .  Du ide l i khe id  i s  re rk ry  oo r  d ie  fe i t  da t  d ie  vog t ighe id  en  d ie  m ik ros t ruk tuu r  van  d ie  k louhor ing

van  g ro te r  be lang  i s  v i r  d ie  ha rdhe id  van  k loue  as  d ie  p igmen t  van  d ie  k louhor ing .

'n Vergelyking tusse n die Simmentaler  in Dui ts land en die Afnkaner toon dat  a l twee in d ie omgewing waaraan hul le gewoond is,  lae

* 'aardes v i r  d ie groei  en afs lyt ing van die k louhor ing toon.  terwyl  d iere wat na Suid-  en Suidwes-Al ' r ika ui tgevoer is  lerhoogde waardes wys.  Die

evaluasie van die met ings oor groei  en afs lyt ing l 'an k louhor ings -  asook die h isto logiese ondersoek lerver d ie bewys dat  d ie aanpasbaarheid

van die Simmentaler  in Suid-  en Suidwes-AI ' r ika 
'n voortdurende proses is ,  maar dat  d i t  onrvaarskynl ik  is  dat  d ie v lak van dic aanpasbaarheid van

die Afr ikaner ten vol le bereik sal  word.

SL 'Mt r , IARI " '

A stud1,ol  ths abrasion losses ol  c laws obtaincd l rom di f l 'erent  breeds did not  conf  i rm the hypothesis that  dark p igmented c laws are more

rcs i s tan l  t han  l i gh t  p ig rncn ted  c la * ' s .  I t  cou ld  be  shoun  tha t  l ' ac to rs  such  as  the  mo is tu le  and  the  m ic ros t ruc tu rc  o1 ' the  ho rny  wa l l s  o f  t he  c lau

in t l ucnce  the  ha rdncss  o l ' c laus  more  than  the  p igmen ta t ion  o l ' t hc  ho rny  rva l l s  o l ' t he  c laws .

A compar ison bctw'ecn thc Simmentaler  l l 'om ( iermany and thc Afr ikaner.  proved that  both breeds in the environment to which they have

bec t>mc adap ted  shoucd  l ( )$  \a lucs  1o r  bo th  the  g rowth  and  thc  ab ras ion  o1 ' the  c la r r ' ho rn .  wh i le  an ima ls  expor ted  to  Sou th  and  Sou th  Wes t

A l r i ca  c rh ih i t cd  h ighe  r  r , i . r l ues .  Eva lua t ion  o l ' t he  g rowth  and  ab ras ion  o f  the  c lau 'ho rn  as  we l l  as  the  h i s to log ica l  i nves t iga t ions  ind ica ted  tha t

adap ta t ion  o l  t hc  S immenta le r  i n  Sou th  and  Sou th  Wes t  A f r i ca  i s  a  con t inuous  p rocess ,  bu t  i s  un l i ke l y ' t ha t  the  leve l  o f  adap ta t ion  o f  the

A l r i kaner  w i l l  be  euua l led .

The Simmenta ler  breed possesses l ight  p igmen-

ted c law horn which in  the op in ion t l1 'manv breeders  is

sof ter  and less res is tant  than c law horn wi th  a  dark

p igment .  Farmers in  South and South West  A l - r ica very

o f t en  a l so  exp ress  t he  op in i on  t ha t  t he  c l aws  o f '

S immen ta le r s  unde r  ha rd  ve ld  cond i t i ons .  have  a  h igh

rate  o f  abras ion and therefore th is  breed tcnds to

acqui re  c law in iur ies  resu l t ing in  lorver  per tormance of

t he  an ima ls .

W i th  t hese  op in i ons  i n  m ind  i nves t i ga t i on  o { ' t he

adap tab i l i t y  o f  S immen ta le r  ca t t l e  i n  Sou th  and  Sou th

West  A l . r ica  wi th  spec ia l  rc f 'e rence to  the i r  c laws was

concen t ra ted  on :

(  I )  Ab ras ion  l osses  o f  c l aws  w i t h  d i l ' f e r cn t  p i gmen-

t a t i o n .

(2 \  G row th  and  ab ras ion  o f  c l au ' s  o l -S immen ta le r s .

Afr ikaner.  Brahman and crosses between these
three breeds.

(3) Histological  invest igat ions of  the microstruclure
of the horny wal ls of  the c laws in Simmentaler
catt le f rom South West Afr ica and Germany as
r. l 'e l l  as in Afr ikaner cat t le.

Mater ia ls and methods

,4 b r as i o rt /r.r.r^re.r o.f' t' I ax's w i t h d i / / e re n t p i grrt en t a t i otr

Abrasion losses o1'  c laws which di f fered in
pigmentat ion were invest igated using 412 claws of
s laughtered female animals of  d i f ferent breeds and
crosses, 223 or ig inat ing f rom front and 189 from the
hind less.  Purebred Simmentalers contr ibuted 36

( r )  l r t .s t r t t t t  l i i r  7 ' ie r :uc l t t  u t td

[)t '1t.  / .oo t t ' t '  h rto l  og.t ' ,  Fatu I t  y
7ierh.r,'giene, Lahr.\tuhl / lir 7-ierzut'ht

o f '  l 'e ter inur ) '  Sc ier tce,  L ; r t i t ' t ' r .s i t . t '  o . l '
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claws, whi le 8 c laws were obtained from purebred
Afrikaners, the remaining 368 claws having come from
crossbred animals all of rvhich were fed in a large
feedlot  dur ing the last  3 months before s laughter.  The
age of the anirnals varied. but most of them were
siaughtered at  an age of  l l  to 19 months wi th an
average mass of  380 kg. Except fcrr  3 l  c laws obtained
from the Windhoek abattoir  the mater ia l  rvas col lected
at the Pretor ia abattoir .

Direct ly af ter  s laughter the horny wal ls of  the
claws were removed. separated according to f ront  and
hind leg. placed in plastic bags and kept in a refrigera-
tor in order to control  the moisture content of  the horn
mater ia l .  The claws were subdiv ided into 5 groups.
whereby the l ight  horn was classi f ied as "  1" and the
completeiy pigmented black horn as "5" (Pf lug,  1978).
From the t ip of  the toe of  the horny wal l ,  beginning at
the sole border (rnurgo solearis) as close as possible to
the t ip i tsel f ,  a str ip of  c law horn 6 cm long and 3 crn
wide was sawn with a f ine-tooth metal  saw. 

- fhe 
str ip

was tr immed exact ly wi th a gr inding machine to a
length of  5 crn,  width of  2,5 cm and thickness of  0.5 cm.
Part icular care was taken to ensure natural  surface
remained and that the strip was ground in such a way as
to retain i ts natural  curvature.  This is an essent ia l  part
of  the procedure because the pigment is deposi ted only
to a depth of  0,2 mm in the surface layer of  the horn.

The inf luence of  the moisture content of  the
claws on the hardness or resistance to abrasion w'as
tested according to methods descr ibed by Sassen (  1938)
and Kovacs (1977) :  Five horn str ips each of  the
pigment c lasses "1" and "5" were t reated as t 'o l lows:

Group I  :  
- fwo 

hours in dist i l led water

Group 2  : Two hours  in  the  dry ing  oven a t  a  tem-
pera ture  o f  105 'C

Group 3 :  l t /2  hours  in  the dry ing oven at  a  tempera-

t u r e  o f  1 0 5 ' C

Group 4 One  hou r  i n  t he  d ry ' i ng  oven  a t  a  t em-

pe ra tu re  o f  105 'C

I l a l f  an  hou r  i n  t he  d ry i ng  oven  a t  a  t em-

perature o1 '  105"C
Group 5

The abrasion loss of  each str ip was measured by a
method s imi la r  to  tha t  o f  Sassen (1938)  and Koppen-
hofer  (1940)  and descr ibed in  dc ta i l  b1 'P f lug  (1978) .
T'he horn str ip is fastened on a structure which moves
the str ip rectangular ly towards a sanding or gr inding
disk.  The pr inciple of  the method is the maintenance of
a constant pressure (  I  kg) of  the horn str ip against  the
gr inding disk which rotates at  2 400 rpm. The gr inding
disk was replaced by a nerv one for every new sample.
The loss of 'horn mate r ia l  was establ ished bir  weighing
the horn str ip before and af ter  the abrasion process.

In t r imming the str ip of  6 cm length to one of  5
cm length the distal  I  cm t ip of  the str ip was ground to a
powder.  The moisture content of '  the horn str ip was
determined by weighing before and at ' ter  dry ing for 20
hours  in  a  d ry ing  oven.

Grov'th and abrasion e/ (laws q/ Sintnrcntaler,
,4/rikaner, Braltman und ('/'(rJ.r(,.r betrreen the,se three
hreed.s

lr4easurentents were made on 138 female animals
obtained from 9 farms with di f ferent soi l  types and
c l imat ic  cond i t ions .  In  Germanv the  c laws o f  a  g roup o f
l0 female Simmentaiers were measured for compari-
son .

' fhe 
length of  the c laws was measured in each

case.  and the  method fo r  the  de terminat ion  o f  g rowth
and abrasion was basical ly the same as that descr ibed
by [ ' rent ice (  1973) l -or  Avrshire cat t le.  The growth r , r ,as
measured by the increasc in distance between a marked
po in t  on  the  horn  sur lace  o f  the  c la ' * ,and the  coronary
border (nrargo contr ta l i .s i .  whi le the abrasion was given
by  the  decrcase in  < j i s tance l rom the  sa id  po in t  to  the
sole border (rttar,qo ,soleari.s). l-he ntarked point on the
horny sur lace was obtained in the I 'o l lowing way: 

- Ihe

d is tance be tween the  coronarv  border  and the  so le
bclrder was measured on the lateral  and medial  c law of
the  r igh t  f ron t  and h ind  Ieg  a t  the  t ip  o f  the  c law,  in  the
midd le  o i ' thc  c lau 'and a t  the  hee l  o f  the  c law (F ig .  l ) .
A t  midpo in t  be tween A and B.  C and D as  we l l  as  E  and
F the mark was sawn sl icht lv into the horn surface.
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ln th is way l2 values were obtained from each animal.
Growth anci  abrasion were measured 80 to 90 days
fol lowing the marking of  c laws.

Because these measurenrents were taken on the
lateraland medialc laws of  the r ight  f ront  and hind legs,
the anirnals were pul led down onto the lef t  s ide and the
extremit ies t ied up.

The distance between farms is large and i t  was
not possible to standardiz.e the intervals between
measurements;  th is was most ly overcome by the use of
correct ion t -actors to obtain the resul ts of  growth or
abras ion  per  30  days .

Histologit 'al investigation.s on the rnicroslru(ture ol the
Itorny v'all.s o/ the clov's

The col lect ion of  mater ia l  for  the comparat ive
histological  invest igat ions was simi lar  to that  for  the
studies on abrasion losses of  c laws. The claws of
s laughtered female cat t le f rom the Afr ikaner and
Simmentaler breeds were col lected at  the Windhoek
abattoir  and those from the Simmentaler (Fleckvieh)

breed in Germanv at  the Mi in ich abattoir .

A smal l  p iece of  the c law horn o1'  I  cm X 2 cm X
2 cm f ' rom the sole border of '  the t ip of  the c law was
sawn out and immersed in l0 per cent l 'ormal in for  two
days. 

' l -hereafter 
the pieces were kept overnight in a

solut ion of  70 parts l 'ormic acid and 30 parts l0 per cent
formal in and eventual ly sect ioned with a cryotome.
Since the resistance of  the c lau'  horn is deterrnined not
only by the number ol '  horn tubules per surface uni t .
bu t  a lso  the  d iameter  o { '  the  tubu les  (K ind .  l96 l )
measurements o{ the lat ter  wcre included in the
invest igat . ior t .  

- I 'he 
medul lae of  the tubules are not

involr , 'ed in any mechanical  I 'unct ion they contain
decay ing  medu l la ry  ce l l  masses  wh ich  ta l l  ou t  in  the
distal  port ion of  the tubules and leave a hol low

medul lary cavi ty (Nickel .  1938).  The invest igat ions of
Tscherne (  l9 l0 )  and K ind  (  l96 l )  led  to  the  conc lus ion
that in the more resistant horn wal la th icker cortex of
the tubules wi th a narrow medul la wi l l  g ive addi t ional
strength compared to the less resistant horn wal l  wi th a
thinner cort ical  substance of  the tubules and a wider
medul lary cavi ty.  For a comparison between 3 groups
of animals wi th di f ferent numbers of  tubules and
di f ferences in tubular and intertubular horn.  the
port ion of  cort ical  substances per mm2 measured
surface. was calculated.

Results and discussion

Ahrasion /o.s.res o.f t'lau's tt'ith di/f'erent pigmentation

' I 'he 
abrasion losses of  Simrnentalers in South

West Afr ica wi th l ight  p ignrent (c lass "1")  both on
claws of  the f ront as wel l  as hind legs were lower
(P < 0,001) than those on claws of 'animals of  South
Af r ica (Table l ) .  Al l  the c laws from South West Afr ica
or ig inated from purebred Simmcntalers,  whi le those
from South Africa with l ight pigment came mainly
{r'om crossbred anrrnals (55 from crossbred and 5 frorn
purebred Simmentalers).

I t  rvas interest ing to note that  in the animals f rom
South Af ' r ica the c laws with pigment "2" presented the
low'est  abrasion losses at  the f ront leg,  whi le c laws with
pigment "3" showed the lowest losses i r r  the hind leg.
None of  the other di f ferences between pigment c lasses
or t 'ront- and hind legs were significant.

l 'he uneven numbers of  c laws f  rom the front and
hind legs rvas due to the di f f icul ty of  col lect ing mater ia l
{ rom the abatfoirs and also because claws which could
not easi ly be classi f ied into the pigment c lasses were
d iscarded.

Table I

i lhrusiort l)er('entugt's o.f clax' httrrt irt.femule cottle lronr Soutlt snd Sctuth West A.frica

Pigment  c lass Or ig in Front leg Hind leg

I

I
I

;
-l

4

5

S W A
S A
S,{
S A
S A
S,\

1 3  l 3 . l  3 . 2
3 1  1 7 , I  2 , 1
3 0  1 6 .  |  2 . 8
3 4  1 6 . 5  2 .  I
54 16,8 2, ' l
56  I  6 .6  3 .7

t1

l 8
29
30
l 6
52
49

X

3,0 29
6 ,6  l ,g
5.5 2,4
5 )  ) ' 7

L , ,

6,3 2,6
6.3 2.8
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Table 2

Abrasiort /os.re.s and moisture estinlations in .f ive Ireoted groups

Group Pigment class Abrasion (per cent) Mo is tu re  (per  cent )

I

2

4

5

I
5

I
5

I
5

I
5

5
5

x

38 .7
40,3

36,8
37,8

29,0
30, I

20.3
21,7

1 8 . 7
20.2

S

4.4
5.4

T , 2
1 , 4

4.5
) 1

2,9
2.4

t . 9
2.9

5
5

5
5

5
5

5
5

5
5

x

45.0
45.3

6,2
5.4

8 .6
9,0

10 .0
9,2

1 3 . 3
12.4

5

0.0
1 , 3

0.0
0.J

0.5
0,4

0.3
0 ,7

0.0
0 .7

5

5
5

5
5

5
5

The highest abrasion values were obtained both
in the very low and very high regions of moisture per-
centages of the claw horn. The abrasion decreased with
increasing moisture percentage from 5oic in group 2 to
l3/oingroup 5.  However,  in v iew of  the absence of  data
for moisture percentages from l3Vo to 45%o the
minimum abrasion, as related to moisture content,
could not be established. These results are in agreement
with Kovacs (1977) and Dewes (1978),  who showed
that both very high, as wel l  as very low moisture per-
centages had a detrimental effect on the abrasion
resistance of the claw horn.

The results obtained also show that there was
almost no difference between the pigment classes " l"

and "5" in moisture content.  abrasion and the relat ion-
ship between the 2 characteristics. Because of the fact
that  the pigment had no signi f icant inf luence on the
abrasion losses and because di f l 'erent moisture pe rcen-
tages led to di f ferent abrasion values, the inf luence of
moisture independent of  that  due to pigment was
invest igated using the total  mater ia l  avai lable.

The moisture content in 379 claws in l 'est igated
var ied f rom 22.9 per cent to 32,5 per cent and al l  the
claws were div ided into three classes of  moisture con-
tent (Table 3).

Table 3

The inf luence oJ'moi.sture on Ihe abrasion of  t ' lav 's

Abras ion  losses  (per  ce  n t )

5
s

25Vo
307a
3070

n

95
246
38

x
1 5 , 9
1 6 . 5
t 7 . l

5

) )
) x
a 1
z . )

Moisture
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These resul ts cont inued the trend shown in Table
2 vrz, . ,  the abrasion of  c law horn was direct ly related to
the moisture content
content.  an increased abrasion of  c law horn took place.

ln Fig. 2 the values of table 2 and 3 are depicted
together, the differences between the 3 moisture groups

being stat ist ical ly s igni f icant (P < 0,001).

I t  could be seen that the abrasion values
increased in c laws that had a moisture content below l5
per  cent ,  whereas  they  a lso  inc reased in  c laws
containing a moisture content above 25 per cent.  In
other words,  the lowest abrasion took place in c laws
with a moisture content between l5 and 25 per cent.

Grou'th and abrasion q/ t'lau.s o./ Simmentaler,
A./'rikaner, Brahman and ('roJseJ betn,een these three
breeds

The growth and abrasion were measured on the
lateral and medial claw of the right front and hind leg at
the t ip of  the c law, in the middle of  the c law and at  rhe
heel  of  the c law. On the claw toe, the horn grows more
slowly than in the mid-wal l  regions. The horn of  the
posterior wall of the medial claws of the forelegs and
the lateral claws of the hindlegs grow somewhat faster
than the horn of  the mid-wal l  region. However,  these
differences were very small and not statistically
signi f icant.  Only 1,3 per cent of  the total  var iance in
growth and 0,7 per cent in abrasion were due to
di f ferences between fore- and hindlegs.

The abrasion rate at the toe was significantly
higher than that of  the mid-wal l .  whi le poster ior  wal l
exhibi ted an intermediate rate of  abrasion.

Because of the small differences between fore-
and hindlegs an average value for al l  c laws was
c a l c u l a t e d  i n  t h e  f o l l o w i n g  e l a b o r a t i o n s .  T h e
differences between the regions of the claws were
larger;  as much as 19 ,2o/o of  the total  var iance in growth
and 3,570 in abrasion were due to c law region
differences (Table 4).

In studying the inf luence of  body mass, age, soi l
types and rainfall i t was shown that mass and age of the
animals were of  lesser importance, whi le the soi l  types
and rainfall played a great role in the growth and
abrasion of  c laws (Pf lug,  1978).  Animals on sandy soi ls

- -T - - f_ - r_ - - -__ l__ -
l0  40 MOISTURE (90)

Fig.2 The abrasion losses of claw, horn in relqtion to
the moisture content

had lower growth and abrasion values than animals on
stony grounds, and in areas with lower rainfall higher
growth and abrasion values were found than in areas
with higher rainfal l .

In Table 5 breed differences in the growth and
abrasion of claw horn on the 3 measured areas are
depicted.

ln view of the influence of l ive mass, feeding/
grazing, soil type and rainfall, the influence of breed on
growth and abrasion of claw horn (Table 5) was
diff icult to measure. Nevertheless, after correction for
soil, differences were exhibited between the different
breeds (F-test) .  The Simmentaler f rom Germany
(Group l) showed the lowest values which differed
significantly from the other groups. These animals
were included in the table although a direct com-
par ison is possibly not acceptable.

The comparison of the groups in South Africa
could be summanzed as follows: The imported Sim-
mentaler (Group 2) were significantly different to those
generations of Simmentalers bred in South Africa
(Groups 3-5). Group 2 differed significantly also from
the crossed animals (Group 6),  as regards the growth of
claw horn. No significant differences were obtained for
the growth and abrasion of  c law horn when the
imported Simmentalers were compared with the
indigenous Afrikaner or Brahman breeds and there
were also no differences between the latter two breeds.
Further work here would be of sreat interest.

I-l

-_.i
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Table 4

Grov'th and abrasion (mml30 da_t,s)

Claw region Growth
n x s

Abrasion
n x s

Tip of  c law
M i d d l e  o f ' c l a w
Heel of  c lau,

1 3 8  4 , 9  1 . 7
l 3 g  6 , 2 "  l , g
l 3 g  6 . 9 "  2 . 3

l 3 g  5 , 4 b  1 , 5
l 3 g  5 , 7  b  l , g
1 3 8  5 . 2 b  1 . 9

a.b values with the same superscr ipt  do not di f fer  s igni f icant ly.
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Table 5

Breed di/ferences in the grou'th ancl sbrasiort o.f'clau' horn (ntnrf 30 da.r's) on the tip, the ntidcllt, regictn and the heel

Breed n

Growth

Tip

x S

Midd le

x S

Heel

x s

Tip

X

I
2
3
4
5
6

t 0
40
39
t 7
6

23
r3

2,9 0,2
3 , 6  l ,  I
5 , 1  1 , 8
6 ,3  1 .2
6,3 0,8
5 , 6  1 . 6
4.1 1.0

3,3 0.2
4 ,9  1 ,2
6,4 2,0
7 ,4  1 .4
7 ̂ 9 0.9
6 ,7  1 ,9
5 . 3  l ,  I

3 . t  0 ,3
5 ,9  1 ,9
6,8 2,3
8 ,4  1 ,7
9 . 1  l , J
7.0 2,2
5. tJ  1.2

) 1

5.0
5 6

6.8
6 ,7
5 .9
4.8

Simmentaler Germany
Simmentaler imported, two years or longer in the country
Simmentaler,  f i rst  generat ion out of '2
Simmentaler, second generation out of 2
Simmentaler, third generation out of 2
Crosses of  Simmentaler wi th Afr ikaner or Brahman
Afrikaner. Brahman

Histological investigation on the nticrostru('Iure o./ the
hornl' v'alls of the <'lau'.s

Highly significant differences (t - ' fest) existed
between breeds (P < 0,001) in the number of  tubules
per 12,5 ff iD2, in the total diameter of tubules and in the
cortical substance per mm2 measured surface (Table 6).

number  o l '  tubu les per  un i t  sur facc area anc l  a  greater

ave rage  t c l t a l  d i ame te r  o1 ' t he  t ubu les  t han  t he  S i rnmen-

t a l e r .  l n  c o n t r a s t .  t h e  a v e r a g e  d i a m c t c r  o f ' t h e

mcdul lary  car , ' i ty  o f  the S imnrenta lcr  in  Sout l r  West

Af r ica was s ign i i icant lv  h ighc: r  thetn  that  o1 '  the

Al ' r ikaner .  and of '  the S immenta ler  f ront  ( ie rn iant ' .

Fu r the rmore .  t hc  co r t i ca l  subs tance r  pe r  mm:  measu red

sur  l ' ace  fo r  thc  A l - r i kaner  was s ign i f i car t t l r  g rea tc r  than
that for  the Sirnmentale r  l - rom South Wcst Al ' r ica and
Germany. Al l  these di f ferences \ \ 'e re highl l '  s igni l ' icant
( P < 0 , 0 0 1 ) .

Abras ion

S

Midd le

X S

Hee l

X S

0.2
1 , 7

1 " )

1 , 6
1 , 8
1 , 8
1 . 3

2.6 0,3
4 ,9  1 .6
5 , 3  I , 5
t, .4 1.0
5.9 0.7
5 . 6  1 , 5
5 .0  t .2

2.5 0.2
5 , 5  l , u
5 . 5  1 , 8
6 . J  1 , 2
6.5 0.7
5 ,7  1 ,1
4 .7  1 .6

t -
l -

a -z-
' ! -

J -

A -.t

J -

6 - =

Table 6

Charocteristit' paratneler.t o/' the mi('ro.\lru('ture o/ tlte horn.t' tt'ull.s

Comparing the microstructure of  the horny wal l
of  the c law of  Simmentaler f rom South West Afr ica
and Germany and of  the Afr ikaner cat t le i t  was noted
that the Afrikaner possessed the significantly higher
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Breed
I  Number ol

n I  tubules per
|  12.5 mml

l 'o ta l
Diameter

( m m )

[ ) iameter  o l

medu l l a r y

cav i t v  ( n rm)

Cor t ica l  subs tance
pcr mml ntcasut-ed

surface (  mrnr )

Afrikaner
Simmentaler SWA
Simmentaler Germany

X

50 I  52.1 3, l
50 I 44.s 6. I
50 |  34.3  5 .1

0,260 0.00E
0,252 0.007
0 ,  194  0 .01  3

0.06tJ 0.004
0.07tt 0.0 l0
0 .067  0 .0 l2

0.20r i  0.0 t9
0.  r6  r  0 .023
0 .071  0 .015
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