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Different Levels of Protein and Energy in
the Ration for Wool Growth

A. A. El-Sherbiny and M. A. El-Ashry

Antmal Production Department, Faculty  of Agriculture,
Al-Azhar University and Animal Production Department,

Ain-Shams University, Eg ypt.

Fll—"l'r four 5 months old ram lambs of the Rahmany carpet
wool type having a mean live-body weight of 22 kg were given
three different levels of protein and energy in a 3x 3 factorial design
experiment. The levels were I igh (H), medium (M) and low (L)
with nutritive values presented in Table 1. The medium level both
in energy and protein {control) was formed accordi ng to Morrison
(1959) standards. The high level 125% of the control while the
low level represented only 75 ¥%. The experiment lasted 7 maonths
by the end of which the grease fleece  weights were recorded and
wool samples were analysed. Highly significant (P < 0, 01) effect
of energy level on clean  fleece weight was recorded while the pro-
tein level had no significant effect on the same parameter with no
interaction [ etween energy and protein. The grease content | n-
creased significantly (P<0.250) as the energy level decreased while
the suint significantly(P < 0.250)decreased by the decrease in energy
or protein.  However, a small (2.7%)  increase in suint occurred
when the protein level of the diet decreased from medium to low.

The shrinkage values were affected significantly (P-70.250) by
the level of protein in such a way that the higher levels resuited in
more shrinkage wvalues while (he energy levels did not affect the
shrinkage significantly.

Increasing the energy level caused a propotional increase in
fiber diameter and the same was noticed when the protein level was
increased, No significant effect was noticed on fiher length, or on
fiber breaking strength,

1t is concluded that an  optimum level of profeinfencrgy intake
can be delermined according (o the available materials,  Energy
and protein may replace each other to get the maximum wool pro-
duction with best qualities. Low protein/medium energy or vice
versa was found  to be best for maximum production.  But since
the other wool qualities are affected by this ratio it was recommen-
ded to apply the low protein/medium cnergy level only to maximum
and most sound wool production.

Conflicting results have been reported as to the response UE wool growth.:
to protein and energy intakes by sheep, Elsherbiny and El-Ashry (1974)
reported an increase in wool growth parallel to the increase in dietary
protein of isocaloric rations foilowed by a decline at higher levels of protein
fed to carpet wool sheep. Slen and Whiting (1952) also found the same-
response with Merino sheep, In contrast, many other authors (Marston,
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1948 ; Reis and Schinckel, 1961 ; Reis, 1969 ; Egan, 1970 and Longlands,
1971) have reported that rate of wool growth is influenced by the intake of
dictary protein. Reis (196%) suggested that the energy requirements for wool
growth are relatively low and that the limiting factor is the available protein
and specifically the amino acid.  Black, ot al. (1973) using different protein and
energy levels given through the abemasum reported the existence of an opti-
mum  relationship between protein and energy intakes at which maximum
wool groweth would oceur.  They assumed that it is unilkely that any substantial
reduction in wool growth would be produced in nodmally fed sheep by increa-
sing their energy intake when they are given diets low in protein. It seemed
therefore sound enough to carry out the present  investigation to test the
validity of this hpothesis and to find the optimum protein energy ratio for
maximum wool production.

Material and Methods

Fifty four ram lambs of Rahmany local carpet-wool type of about 22 ke
mean live-body weightand & months old were divided into 9 similar treat.
ment groups, 6 animals each.  Three levels of energy and of protein i rations
were used in o 3 X 3 factorial design experiment. The levels were high {(H),
medivm (M) and Jow (L). The medium level for both energy and protein
was formed to fulfill the allowances recommended by Morrison (1959 and
was comsidered the control treatment. High level of cither energy or protein
was formed to cover 123 %of the control, while the low level covered 75 6
-of the medium level. The different animal groups were randomly assigned
#o the different nutritional treatments as shown in Table. 1.

TABLE 1, Energy/protein levels and nutritive ratio of the
different lamb groups.

Lamb growp | fukeal | Fuersiproen | Nutrie
1 6 HE/HP 8.5
2 6 ME/MP .45
3 6 LE/LP 8.42
4 6 HE/MP i 10.5
5 6 | HE/LP i 11.8
6 G L ME/LP 10.47
7 . | MEMP 6.6
] ‘ 6 ‘ LE/HP ‘ 4,48
9 ‘ 6 i LE/MDP : 5.68

.
|
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The expemment wag carried out in the experimental farm of the Faculty
of Agriculture, Ain-Shams University till the animals became one year old..
At shearing (1 year wool growth) the grease flecce weight were recorded and
midright side wool samnples were collected, from each animal. The clean:
fleece weight, the greasecontent, cold water-soluble extract (suint) and shrin-
kage estimated and fiber diameter, Jength and strength were measured. Ana-
lysds of variance for each of these parameters was proceeded as suggested by
Snedecor (1961) and sequentml comparisong between treatment means were:
tested by Duncan’s multiple range test, as described by Snedecor (1961).

Results

Clean fleece weights (Table 2)

No significant differences were detected in clean fleece weights at the-
three levels of protein, whille highly significant (P« 0.01) differences were-
hound between the clean fleece weights of the three energy levels. However,
no significant interaction (P« 0.05) between energy and protein were found. It
is evident from Table 2 that the maximum effect on the mean clean (leece
weight was at the medivm fevel of energy regardless of the protein level.
As the level of enersy decreased from high to medium, a great increase of
52.3%, in the clean fleece weight cccurred but when the energy level decreasd
from medium to low, the result was a dercease of 21.2% in the clean fleece
weight. At the low level of energy the clean fleece weight was still 6.7%,
highelr than that at the higher level of energy. Within the medium  level of
energy an increase in clean fleece weight occurred parallel to the decrease
in protein level being 22.6% from HP to MP and 7.5.9% from MP to LP,

but from PH to P the increase in clean (fleece weight was only 21.5%.

TARBLE 2. Mean clean Aeece weights in kg.

i P, M.P. f L.P. . X

e e
| * | |
- 1787 + 0.219 1815 4 0,082 | 1.462 + 0.132 !

on
oc
T
=
=]
b2

ME. | 2062 + 0115 | 2,330 £ 0,172 | 2.506 4 0.143 | 2.299 + 0.078

L8100 4 0,102

o

L.E. | 1.871 =+ 0:214 ! 1.706 =+ 0,111 | 1.834 4+ 0.185 |
| i ! |

e i
K | 1,899 .- 0,105 1.951 + 0.099 i 1.094 0.139 ‘ 1,917
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Concerning the grease content, no signiricant (P< 0.05) differences were
found between the three protein levels nmor the three energy levels, neither
was there any significant (P 0.05) interaction between protein and encrgy
groups. Testing the signilicance at a level of 0.250, it was found that only
the differences between the three encrgy levels which were significant.  As the
energy levels decreased from high to medium, medium to low and from high
to low, the grease percentage increased by 0.5%, 11.5% and 12.1% respec-
tively, The differences were only significant from medium to low and from
high to low,

TARLE 3. Mean grease content in percentage.

H | Hp ! MP e %
SR, | S Seihs; SNS— ~ Bl =
HE. 3.062% ‘ 3.40% 4.19% | 4.50%;
ME | 4,149 ‘ 3.67% 440% | 4.07%
LE. 4.06%, C4.69% 4.69% 4.54%
& 4.22% 3.92% 3,499 | 4.52%

|

Cold water-soluble extract suint (Table 4)

Significant (P<C0. 250) differences were found between the nine treatment
groups due to differences in both protein and energy levels and their interaction.
The decrease in the level of dietary protein from high to medium and from
high to low resulted in a 12.9% and 10.5%, decrease Iin the cold water-soluble

TABLE 4. Mean cold water-soluble extract (suint) percentage.

#l

HP. | MP. L.P.
— i |
HE. 39.18% | 27.89% 32.24% 33.41%
M.E. 320850 | ) 31.585% 24.43% 29.55%;
L.P. 29.07% 28.49% 33.30% 30,21%
X | 33.69% 29.32% 30,13% 31,14%
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extract, while from medium to low an increase of 2.7%/ occurred. The same
trend was observed by changing the level of energy from high to medium to
low irrespective of protein level. The highest value of CUW.S.E. was that
in treatment No. 1 39.18% with high energy and high protein levels. At the
‘high protein level a consequent decrease in C.W.S.E. was noticed as the energy
level was changed from high 39.18% to medium 32.65% to low 29.07%5.
“This trend was not ohserved elsewhere except within the medium  level
of energy where the C.W.S.E. decreased by the change in the protein level
from high to medium to low from 3265% to 31.58W to 24.435% respectively.

Shrinkage (T'able 5)

The differences between the protein levels and the interaction between the
protein and energy levels were significant (P < 0.250). The differences due to
ericrey were not significant at the same level of probability.

It seems however, that within the high protein level, the shrinkage increas-
ed as the energy levels increased from low to medium to high, being 33.14%,
36.78% and 43.649% respectively. The high shrinkage value 36.919 was that for
the high protein groups regardless of the energy level. The low levels of protein
caused also  higher  shrinkage  values as  compared to medium Jevels
although these values were still less than those for the high protein group.
The froup recieving low protein low energy shrinked 38.26% which was
greater than the low protein high energy group 36439 or the low protein
medium energy group 28.83%.

TABLE 5. Mean shrinkage pereentage.

HLP. MLP, L.P. | X

|

= iy | |
HE. 3.57% 31.48% 28.65% 30.57%

i |
M.E, 37.9 9 41,575 48,192 I 42.57%
LE: - | 40,457, 36,649 41.18% . | 39.42%7

| |
% | 36667 36,5647 39.34% | 37.52%

Fiber diameter (Table 6)

Significant (P<Z 0.250) in fiber diameter were found between the different
protein and energy treatments with no significant interaction having been

detected.  The effect of energy was such that the increase in its level from low
to medium to high caused a proportional lincrease in the mean fiber diameter

Egypt, . Anim, Prod., 16, No. 2 (1976)
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This trend was almost the same within the

fow and medium levels of protein at thie different energy levels. Within the
high protein level, the fiber diameter increased only when the energy was ince-
eased from Jow 32484 0.65 1 te medium 55.22 4 1.27 4 but decreased agaion
to 3246 4 0.81 uwhen the energy reached the high level. This trend was
the same general trend observed at the dfferent levels of protein regardicss
of the energy levels,

TABLE 6. Mean fiber diameter in microns .

H.P.

32.46 + 0.818

35,22 1.274

2.48 -+ 0.654

0.632

|

M.P.

38,92 + 1.677
35.12 4 3.440
34.20 + 1.573

36.30 + 1.354

L.P.

36.62 0. 431

3317 2.270
32.50 2.190

34,46 2.190

36.04 + 0.872

| 34.56 + 1.417

!

| 32.98 + .89)
34,52

Fiber length (1'able 7)
No significant differences were found between the protein or energy

levely with respeet to fiber lengthi

The highest overall mean fiber length was

that recorded for the medium level of energy regardless of the level of protein.

The LP /ME.

and the LE /MP treatments attained the largest means of

fiber length being 11.85 + 1.01 and 11.284 0.41 c¢m respectively.,

TABLE 7. Mean fiber length in cm.
HP. M.P. | L.P. X
H.E. 9.55 0.3 10.68 4- 1.12 10,35 +1.13 10.21 + 0.39
MP. 10.54 4 0.42 10.50 -+ 0.30 11.85 -+ 1.01 10,93 + 0,37
LE. 9,97 4 0.55 Po11.28 = 0.42 9.41 & 0.96 10.18 =+ 0.40
X |
X 10,02 + 0.33 10.81 + 0.31 10,51 + 0.56 10.46.
Egypt, J. Anim. Prod., 16, No. 2 {1976)
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Fiber breaking strength (Table 8)

No significant differences (P < (.05} were found between the protein or
the energy treatments nor was there any interaction between the two, to allect
the breaking strength. However, it was clear that regardless of the protein
level, the mean fiber breaking strength tended to increase by increasing the
enegry level from low (9430 + 76 g/fiber) to medium (9.66 4 1.10 g/fiber) w
high (9.984 0.61 g/fiber). The highest breaking strength value (12.03 4 2.2¢
gm/fiber) was that attained in the MP/ME group followed by the LP/HE
(10.30 4 0.83 g/fiber) group. The least breaking strength value (7.11 4 1.65
g/fiber) was that for the LP/T.E group. -

TABLE 8. Mean fiber breaking strength e/fiber.

" H.P. ‘ M.P. 5 L.P. %
- Belil=neei ul 5o il . Dy —
| i ; '
H.E. | 0.78 4 1.404 ! 9.87 £ 1,131 | 10.30 -+ 0.834 | 4.98 4-0.614
M.E. 8.67 4+ 1.586 | 12.03 & 7.287 [ sy + 0.762 | 9.66 = 1.10l
|
LE | 9.56 4 1,293 ‘ 7.36 4 0.962 | 7.1 + 1.651 | 9.43 == 0.758
J i
X | 9.40 <= 0,765 ‘ Q.75 + 0.993 .52 4-0.716 G9.26
| ]
i |

Discussion

Clean fleece weights

The results have shown that the clean fleece weight was increased when
the enegy level decreased [rom high to medium or when the energy level icreas-
ed from low to medium, therefore the medium level of energy proved to be the
optimum to produce the maximum clean flegce weight regardless of the level
of protein, But although there was no interaction between the energy and
protein, yet the maximum clean fleece weight (2.506 4-0.143 kg) was obtained
in the ME/LP group. It may be focused in this respect that there is an
optimum energy/protein ratio at which the animal ig capable to produce the
maximum wool. In the present study it apperas that the nutritive ratio
1:1047 (ME/LP) was the optimum which produced the maximum clean wool.

Egypt. J. Anim. Prod., 16, No. 2 (1975)
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Since the level of protein did not have a swnificant effect on clean fleece:
weight, and the effect was highly significant for the level of encrgy. [t was
postulated that in a ration containing different levels of protein and energy,

ffect the clean fleece weight is enexgy, while the

the predominating factor to a
protein is of secondary importance and in this case also the least amount of

protein would be enough to maintain the maximum production. This result
is in accordance w-th that of Egan (1970) and Black, (1973) who stated that an
increase in rumen fermentation caused by increasing the energy level of the
Jow protein diet would increase microbial protein production and also the
amount of protein reaching the intestines. A decline in mean clean flecce
weight, although not significant, was observed in the present experiment when
higher or lower than medium levels of protein were provided.  Munoro (1957)
has shown that carbohydrate is needed in order that amino aclas  can be
utilized, and that unless carbohydrate is fed at the same time as protein,
the protein is not so readily utilized and nitrogen excretion increase. I
absence of carbohydrate is necessary for mitosis to take place.  Therefore,
ahsence of carbohydrates or its presence in lower levels wonld perharps lead
to such wool growth reduction.

Grease, suint and shrinkage

The energy level had a significant (P < 0.250) effect on the grease content
and the trend was such that the increase in energy ‘nthke caused 2
proportional decrease in the mean grease percentage regardiess ol the protein
level. Within the low and medjum levels of protein the same trend was
observed by increasing the level of energy. On the other hand, both energy
and protein levels had a significant (P <7 0.250) effect on the suint content
of the fleece and the’r significant finteraction showed that the HP/IE group
had the highest content of suint while the lowest content was in the LP/ME
group. It appears however, that the higher levels of energy causes a decrease
in grease content and an increase #n suint, and while then protein level of
the vation had no significant effect on the grease content, it showed a
significant  effect on  the suint percentage. The combined effeet
however, is shown in the shrinkage }percentage where the largest shrinkage
value was recorded for the group recieving HE/TIP ration and the lowest.
was for the group recieving ME/LP ration parallel to the percentage of
suint, which means that the suint but not the geaseis the main lactor which
causes inerease or decrease in the shrinkage and that both the protein and
energy levels of the diet would affect this percentage. This result seems to-
be vsound since thf-_‘. higher levels of energy and protein encovrage the meta-
bolism a result of which is the increase in suint percentage cau\sing the cor-
r{‘:sponding inereases 1n - shrinkage values. This result eonflirms that pre-
viously reported by Elsherbiny and El-Ashry (1974) who found that the highest
grease .p'Eus sweat percentages were recorded for groups of Rahmany f._a';mbs;
maintained on high nitrogen rations.

Egypt. J. Anim. Prod., 16, No, 2 (1976)
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Fiber digmeter
Significant (P <C 0.250)
different levels of energy and
energy [rom low to medium  to
mean fiber diameter regardless

differences in fiber diameter were found due to
protein and the trend was that the increase in
high caused a conscquent increase in e
of the protein level which is in accordance
with the results reported by Black, et al. (1973) who reported an in«_
crease in wool growth rate in response to higher levels of energy although
it was not known whether the response was in fiber diameter or length. On
the other hand the medium protein group attained the largest fiber diameter
but decreased im the high and low protein groups although the decrease was
less pronounced in the low protein group. This result confirms those pre-
viously reported by Slen and Whiting (1952), Ferguson (1962) and Elsherbiny
and Fl-Ashry (1974) who reported an increase in fiber diameter at first in
res to protein supplementation of the diet followed by a substantial
decrease when the protemn content of the diet reached a high level. It seems
however, that hoth the protein and energy levels act independently on fiber
diameter, for while the dameter, continued to increase by  increasing
the level of energy it tended to increase at first by increasing
the proten till the medmm level then decreased again by the rise
in protein to the high level This is in accoridance with the findings of
Egan (1970) and Black, et al, {1973) which explained the effect of
energy on encouraging the retention of microbial protein at low levels
of dietary protein. Although no significant effects on fiber length were found
due to ecither energy or protein levels of the dist, yet the trend was that the
maximaum mean length was that obtained in the medium energy group
regardless of the protein lével and for the medium protein group regardless
of the energy level.  The group maintained on ME/LP (nutritive ratio
1 : 1047) and that maintained on  MP/LE (nutritive ratio 1 : 5.68) had the
largest fiber length which leads to the postulation that the protem and
encrgy may replace cach other to a limited extent to produce’the maximum
wool eizth, This may be explained on hasis that for optimum wool erowth
there should be a certain llevel of protein available for fiber substrate,
but for the synthesis of such protein a certain level of energy should be
available to enhance the incorporation of amion acids in gluconeogenesis
(Black, et al. 1973). )

Fiber breaking strength.

Although no significant effect for either the protein or the energy
levels was observed, yet the trend was an increase in the rensile stmngﬂ]
corresponding to the rise in the level of energy. This trend follows that
«of the fiber diameter since the strength is highly correlated to fiber dlame-
ter.  This result, though not signifcant may reveal that the breaking stren-
gth of wool fiber is more dependent on the energy intake rather than the
?mte.”.} intake. A combination of medium energy and medium protein
(nutritive ratio 1 : B.46) is best suited to produce strong wool fibers termed
in textile as sound wool, '

Egypt, J. Anim. Prod., 16, No. 2 (1976)
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In conclusion, an optimum level of protein energy intake can he determined
according to the available materials. Energy and protein may replace each
other o get the maximum wool production with best qualities. Low
protein/medium energy or vise verse ‘was found to be best for maximum
production. But since the other woll qualities are affected by this ratio, it
is best recommended to apply the low protein/medium energy (nuiritive ratio
1 : -047) only to get the maximum and most sound wool production,
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