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OPSOMMING: DIE INVLOLD VAN DRIF METODES VAN VOERBEPERKING OP GROEL EN DIE DAAROPVOLGENDE L!;-
PRESTASIL

'n Totaal van 2400 gemiddelde-tipe henne is gebruik in 'n proef om dric metodes van voerbeperking vanaf twee tot 20 weke
ouderdom te vergelyk. Die behandelings het bestaan uit die volgende kwantitatiewe voerbeperkingsbehandelings wat ontwerp is om
liggaamsmassa by 20 weke tot 15 en 307 benede dié van 'n groep wat ad libitum gevoer is te verlaag; twee lae lisienbehandelings,
'n lae proteienbehandeling wat gebalanseer is met betrekking tot alle aminosure, en 'n kontrole behandeling wat gevoer is volgens
huidige kommersiéle praktyk. Eierproduksieprestasie is gevolg vanaf 20 tot 68 weke ouderdom. Daar was groot variasie in voerinname
tot 20 weke, en henne op die lae lisienbehandeling het die hoogste inname getoon. Liggaamsmassa by 20 weke ouderdom is beduidend
verlaag deur alle beperkingsbehandelings en geslagsrypheid is in verhouding vertraag. Die vertraging in geslagsrypheid het’nbeduiden-
de verlaging in die produksie van klein- en gemiddeldegrootte eiers teweceggebring. Teen 68 weke ouderdom was daar geen betekenis-
volle verskil in die totale eiergetalle of persentasie hen-behuisde produksie nie. Mortaliteit is nie nadelig beinvloed by enige van die
grootmaakbehandelings nie. Daar was min variasie tussen behandelings gedurende die 1éperiode. Nietemin wil dit voorkom asof die
kwantitatiewe beperkingsbehandeling die metode van voorkeur is as gevolg van die aansienlike besparing in voerkoste gedurcnde die
grootmaakperiode.

SUMMARY

A total of 2 400 medium type pullets was used in an experiment to compare three methods of nutrient restriction from 2 to 20
wecks of age. The treatments consisted of the following: two quantitative food restriction treatments designed to reduce body mass at
20 weeks by 15 and 30% below that of a group fed ad libitum; 2 low lysine treatments;, a low protein treatment balanced in respect
of all amino acids, and a control treatment reared according to present commercial practice. Egg production performance was moni-
tored from 20 to 68 weeks of age. There was considerable variation in food consumption to 20 weeks, with pullets on the low lysine
treatments recording the highest intakes. Body mass at 20 weeks of age was significantly reduced by all restriction treatments, and
sexual maturity was delayed proportionately. The delay in sexual maturity resulted in a significant reduction in the production of smail
and medium sized eggs. At 68 weeks of age there was no significant difference in total mass of eggs produced, total hen-housed egg num-
ber, or percentage hen-housed production. Mortality was not adversely affected by any of the rearing treatments. There was very little
variation between treatments during the laying period. However, it would appear that the quantitative restriction treatment is the
method of choice, due to the considerable saving in food cost during the rearing period.

The restriction of body mass among pullets can similar growth limitation as does a quantitative restric-
be achieved by controlling the nutrient intake during the tion programme.
rearing period. Food restriction can be implemented Two types of diets which have yielded encour-
either quantitatively (limiting access time or the quan- aging results when fed ad lib to pullets are low lysine
tity of food supplied), or qualitatively (by feeding low and low protein diets (Petersen, Sauter & Lampman,
energy or low protein diets, or diets deficient in one 1966; Lillie & Denton, 1966; Lee, Gulliver & Morris,
amino acid). 1971; Gous, 1975).

The preferred method is that of quantitative nu- The object of this experiment was to compare a
trient restriction, which has given the most consistent . low lysine diet and a low protein diet balanced in re-
results with regard to biological and economic responses spect of all essential amino acids with a conventional
to egg production. There are, however, two serious dis- diet fed ad lib., and a quantitative food restriction treat-
advantages associated with this type of restriction pro- ment with two levels of restriction.
gramme. First, the method is time-consuming, as the
amount of food allocated must be measured, and second Materials and Methods
it is difficult to make accurate adjustments consequent
to sudden temperature fluctuations or during periods Rearing period to 20 weeks of age
of stress. The ideal method of nutrient restriction, there-
fore, would be a fully-fed diet which would achieve 2 400 day-old medium type laying pullets were

reared in an environmental control rearing house. Each
* This paper is part of an M.Sc. Agric. thesis submitted pen measured 4,26 X 4,57 metres and housed 133

by the senior author to the Department of Animal pullets. The six treatments (Table 1) with three repli-
Science and Poultry Science, University of Natal, cates per treatment, were randomly allocated to the
Pietermaritzburg. 18 pens. The calculated analysis of the rearing diets
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Table 1

Treatments and rearing diets

is presented in Table 2. The chickens were brooded at a
temperature of 30°C, the temperature being reduced
by 3°C per week until the fourth week after which no
artificial heat was supplied. All chickens were debeaked

Treatment Period fed Diet fed at 7 d of age.
(Weeks) (See Table 2) The pullets were reared on a decreasing light pat-
tern, the initial daylength being 20 hours and 40 minutes.
1 Control 0- 6 ! The photoperiod was reduced by 20 minutes per week,
7-12 2 until a terminal day-length of 14 hours at 20 weeks of
13-20 3 age was achieved.
The control treatment was a conventional pullet
2 Low Protein 0- 2 ! rearing programme with 3 diets fed ad lib. (see Table 1).
3- 4 2 The objective of the quantitative food restriction pro-
5-8 3 grammes (Treatments 5, 6) was to produce pullets
9-20 4 with a body mass at 20 weeks of age approximately
15 and 30% below that of the fully-fed control pullets.
3 Low lysine 0- 6 5 The body mass of a random 20% of the pullets in each
1-12 6 group was determined weekly, and the amount of food
13-20 3 allocated to the 2 restricted groups was allocated ac-
cordingly. A two-day quantity of food was supplied
4 Low lysine 0- 6 6 on alternate days in an attempt to minimise competi-
7-12 7 tion, thereby reducing variability in growth rate be-
13-20 3 tween pullets.
. The low-protein and low-lysine treatments were
5 157 Body Mass based on the experiments reported by Lee er al. (1971).
Restriction 0-6 1 The low protein treatment was designed to study the ef-
7-20 8 fect of reduced protein intake on growth, the reduced
» protein intake being achieved by feeding the standard
6 307 Body mass chicken rearing diets for periods of short duration to 8
Restriction 0-6 1 weeks of age, foliowed by Diet 4 (12% protein) to
1-20 20 weeks of age. The 2 low-lysine treatments were de-
signed to study the effect of low lysine consumption
Table 2
Composition (g/kg) of rearing diets
1 2 3 4 5 6 7 8
Maize 500 532 546 570 537 561 597 532
Gluten 65 65 65 65 65 65 65
Wheat bran 290 270 240 240 107 196 271 270
Groundnut meal 16 7 — ~ 80 91 2] 7
Sunflower meal - - - — 181 56 - -
Fish meal 118 78 50 21 - - S 78
Monocalcium phosphate 2 6 10 13 14 14 14 6
Limestone powder 7,4 8,5 9,5 11,5 10,5 15 11,5 7.4
Salt - 2 3 3 4 4 4 2
Molasses - 30 75 75 - - 10 30
Vitamin premix * 0,5(A) 0,5(B) 0,5(B) 0,5(B) 0,5(B) 0,5(B) 0,5(B) 1,0(A)
Mineral premix** 0,5 0,5 0,5 0,5 0,5 0,5 0,5 1,0
Coccidiostat 0,6 0,5 0,5 0,5 0.5 0.5 0.5 0.6
Calculated analysis
Protein (%) 19,00 16,00 13,70 12,00 19,00 16,00 12,50 16.00
Methionine (%) 0,44 0,36 0,31 0,26 0,38 0,30 0,25 0,36
TSAA (7) 0,79 0,68 0,59 0,53 0.76 0,63 0,54 0,68
Lysine (%) 0,95 0,72 0,55 0,47 0,60 0,48 0.37 0,72
Tryptophan () 0,21 0,18 0,15 0,13 0,21 0,17 0,14 0,18
Arginine (%) 1,00 0,80 0,65 0,55 1,34 1,04 0,62 0,80
Calcium (7) 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80
Phosphorus(AV) (#) 0,45 0,45 0,45 045 0,45 0,45 045 0,45
ME MJ/kg ’ 10,29 10,29 10,29 10,29 10,29 10,29 10,29 10,29

* Provides per kg of diet: Vitamin premix A: 7024 LU. Vit. A, 2198 mg pyridoxine, 8,5 mg ¢ tocopherol, 2,0 menapthone,
1,0 mg thiamin, 4,0 mg riboflavin, 7,9 mg calcium pantothenate, 24,7 mg nicotinic acid, 0,3 mg folic acid.
Vitamin Premix B: 7028 LU. Vit. A, 2180 mg pyridoxine, 1,0 mg menapthone, 1,0 mg thiamin, 3,0 mg riboflavin, 7,9 mg

calcium pantothenate, 19,9 mg nicotinic acid.

** Mineral Premix: 4 mg CuSo4. 40 mg ZnOz, 4 mg 1, 80 mg MnO
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during the first 12 weeks of life, followed by a slightly
higher level of lysine to 20 weeks of age. These low
lysine treatments differ from conventional low lysine
treatments in which the lysine levels are progressively
reduced or remain constant as the pullets age.

Laying period, 20 to 68 weeks of age

At 20 weeks of age, 252 pullets per treatment
were placed in the laying house, in 4 replicates of 63
pullets. All birds were fed a commercial mash laying diet
ad lib. from the age of 20 weeks onwards. Food con-
sumption and food conversion ratio were determined
weekly. The daily production records included an egg
count, the mass of eggs produced, and a record of the
number of eggs in each of four classes graded according
to egg mass. :

Sexual maturity was regarded as the age at which
109 production was reached. Mortality was recorded
throughout the laying period. The experiment was ter-
minated when the birds reached 68 weeks of age.

Results
Rearing period to 20 wecks

The effects of rearing treatments on food con-
sumption and body mass at 20 weeks and at 10% pro-
duction are presented in Tables 3 and 4 respectively.

On the low-protein regime overall food consump-
tion was not affected, yet body mass was reduced by ap-
proximately 9,0% below that of the control at 20 weeks
of age. This is in agreement with results obtained in a

previous experiment (Maclachlan, Saunders & Gous,
1977).

The feeding of low lysine diets (Treatments 3 and
4) caused a significant increase in food consumption
during the period O to 6 weeks of age, indicating a mar-
ginal and not a severe deficiency of lysine in these diets.
During the period 7 to 12 weeks of age a level of 0,48%
lysine in comparison to the control of 0,72% resulted
in an increased food consumption. However, when the
tevel of lysine was reduced to 0,377 the food consump-
tion was similar to that of the control treatment. This is
in agreement with the findings of Lee et al (1971).
During the period 13 to 20 weeks of age the pullets pre-
viously fed the 2 low lysine diets were fed standard de-
veloper feed as suggested by Lee er al. (1971), and
food consumption was similar to that of the control
treatment.

The overall conclusion from the results to 20
weeks of age is that slightly reduced levels of lysine in-
crease food consumption, and that this effect is revers-
ed at lower levels of lysine. The low lysine diets did,
however, reduce the body mass of the pullets signifi-
cantly by 20 weeks of age. The lowest lysine level caus-
ed the largest body mass reduction.

As would be expected, pullets on Treatments
5 and 6 had a significantly lower food consumption
than the controls because of the quantitative nature of
the restriction treatments.

Quantitative food restriction caused a reduc-
tion in body mass, as was planned. The results of Treat-
ments 5 and 6 indicate that when food was restricted
by 15 and 30%, body mass was reduced by 17 and 30
respectively.

The effect of rearing treatment on body mass at
10% production is less pronounced than the effect at

Table 3

Food consumption during various stages of growth

Treatment - )
Period Age in weeks
1 2 3 4 5 6 SI'M cv
7y
0-5 963 922b 12282 1 2002 907" 986° +25.7 4.32
6-12 29177 3022° 33202 2950° 1986% 1 863° + 765 495
13-20 47712 4 737% 46812 4 7413 39850 3 200° +£167,0 6,60
0-20 8651°C 868120 92292 88913% ¢ g78d 6 049° +192.7 4.10
0-10% 10 191 10 607 11252 1211 9 130 8663 +160.8 316
Production

a, b, ¢, etc., = values with same superscript in each row do not differ sigmficantly (P < 0.05)

SEM =Standard Error of treatment mean

Ccv = Coefficient of variation (per cent)



Table 4
Effect of rearing treatment on body mass

Treatment
Variate -
cv
1 2 3 4 5 6 SEM
(D
Body mass at
20 weeks 16712 1523P 1494¢ 13894 13834 1 184° 16,3 1,96
Body mass at
10% production 17972 1809? 179120¢ 1 763bcdyg3ped g 9p0d 21,2 2,41
a, b, c — see footnote to Table 3
Table 5
Effect of rearing treatment on 20 week parameters
Food cost Food conversion ratio  Age at sexual maturity Mo%ality
Treatment 0-20W day old to sexual Ve
(cents) maturity (cents) 0--20W (days)
1 56,03 68,0° 5,3°¢ 155,72 3,76
2 52,7 67,7 5,7° 159,87 3,40
3 58,42 74,22 6,22 160,5° 3,94
4 53,1° 71,4P 6,42 163,0 4,12
5 47,5 64,94 5,09 162,8¢ 3,01
6 41,99 62,3° 5,14 166,34 3,94
SEM 0,66 0,80 0.14 0,68 1,57
CV (%) 2,20 2,35 420 0.84 3,71

a, b, c — see footnote at end of Table 3

20 weeks of age. Although the most severely restricted
groups were significantly lighter than controls, on reach-
ing sexual maturity the differences were greatly reduced
(Table 4). The greater discrepancy in body mass at sex-
ual maturity between birds on different treatments in
this experiment than in the previous experiment (Mac-
lachlan et al, 1977) is in close agreement with the
work of Gous (1975).

The effect of rearing on feed costs, feed con-
version, sexual maturity and mortality is presented in
Table 5. Feeding cost per pullet was reduced by 3 cents
in the case of Treatments 2 and 4. Treatment 3 increas-
ed feed costs by 2 cents per pullet compared with the
control. The 17% quantitative food restriction treat-
ment reduced feed costs to 20 weeks by 8 cents per
pullet, and the 30% restriction treatment reduced feed
cost by 12 cents per pullet.
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As in the case of body mass, differences in feed
costs to 10% production were less pronounced. In this
case low protein feeding cost the same as did the con-
trol, low lysine increased feeding costs and quanti-
tative restriction reduced feeding costs. Nutrient re-
striction treatments reduce body mass and delay sex-
ual maturity, since the attainment of sexual maturity
is related to the degree of restriction. Although the low
lysine diets caused the highest feed intake at 20 weeks
of age, body mass of pullets on these diets was reduced,
and sexual maturity was delayed. Consequently these
two treatments (Treatment 3 and 4) had the highest
feed costs to 10% production. The quantitative re-
striction treatments produced the largest reduction in
body mass and delay in sexual maturity, yet their
total feed costs were the lowest, because the addition-
al feed consumed to 10% production was more than



offset by the saving in food during the rearing period to
20 weeks of age.

Mortality was not adversely affected by any of the
rearing treatments.

Laying Performance

The results of the laying period are presented in
Tables 6 and 7 respectively. The effect of nutrient
restriction on age at sexual maturity is shown in Table
5, the delay of 4, 5, 5, 7 and 13 days for Treatments
2 to 6 being proportional to the reduction in body
mass at 20 weeks of age.

There was little variation in total production be-
tween treatments for the entire laying period. The pro-

duction by pullets that had been subjected to restricted
treatments during rearing was slightly lower than that
of the control, in both hen-housed egg number and total
hen-housed egg mass. Conversely, the percentage hen-
day production favoured the restriction treatments.
The variation in food conversion and food intake was
relatively small, but it is noteworthy that the large ap-
petite of the low lysine treatments was maintained
throughout the laying period and is responsible for the
high food conversion ratio of these 2 treatments.

The delay in sexual maturity brought about by
nutrient restriction caused a significant reduction in the
production of small and medium sized eggs, the reduc-
tion in general being*proportional to the delay in matur-
ity.

Table 6

Food intake, food conversion ratio and egg production to 68 weeks of age

Treatment

Total production Total production Fotal egg mass Food conversion Food intake/bird day

number hen-housed/bird hen-day/bird hen-housed/bird ratio

1 218,45° 67,582 12,4562 2,7932 107,612

2 212,682 67,70° 12,1198 2,8482 109,832

3 211,832 66,502 12,1322 2,8452 108,252

4 211,582 68,23% 11,8152 2,905° 110,602

5 213,682 68,934 12,2192 2,7902 109,862

6 216,182 68,53% 12,2692 2,7702 107,662
CV (%) 3,01 2,28 2,89 2,43 1,51
SEM 1,267 0,311 0,075 0,014 0,391

a; CV; SI'M — see footnote to Table 3.

Table 7

Grouping of eggs according to mass as a percentage of the total laid, and production per pullet of small eggs
to 28 weeks of age

Treatment Extra large Large Medium Small Small
. number >61lg S1-60 ¢ 41-50¢ <4l g 20-28 weeks
1 20,60% 67,562 11,630 0,212 1,167
2 21,232 66,162 12,470 0,140 0.0182
3 22,032 66,713 11,13¢ 0,130 0,935%
4 16,912 69,392 13,644 0,06¢ 0.488°
5 20,672 68,882 10,37¢ 0.08¢ 0,408
6 19,062 68,362 12,510 0,07° 0,418°
CV (%) 13.89 3,17 12,25 25,69 33,84
SEM 0,580 0,446 0,365 0,014 0.108
a, b, c; CV;, SEM - sece footnote to Table 3.
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Discussion

The Tresults of the low protein rearing treatment
show that such levels of protein are adequate for normal
growth and support the view of Lee et al. (1971) that
the feeding of high levels of protein for relatively long
periods during rearing is unnecessary and wasteful. It
should be borne in mind that the amino acid content
of these low protein diets must be balanced in re-
spect of all essential amino acids.

The two low lysine treatments had a consider-
able effect on growth to point of lay. If the lysine level
of the diet is low enough to cause a marginal deficiency
the pullet will overeat in an attempt to compensate for
the inadequate lysine concentration. Once the lysine
level is low enough to cause a severe deficiency then
food intake is depressed and growth is retarded. These
effects were experienced in Treatments 3 and 4 during
the period 6—12 weeks of age. During this period pullets
on treatment 3 received Diet 6 (0,487% lysine) which
created a marginal lysine deficiency, thereby causing
an increase in food consumption, whereas pullets on
Treatments 4 received Diet 7 (0,37% lysine) which de-
pressed food intake.

Reduction in body mass is normally proportional
to the severity and duration of the nutrient restriction,
(Lee er al. 1971; Gous, 1975) and in this experiment
Treatments S and 6 recorded the lowest body mass
because of the quantitative nature of the restrictions.
Part of this body mass loss must be made up before
production commences, hence the delay in sexual matur-
ity in restricted pullets.

The food restriction programmes are advantageous
to the pullet rearer, because of the saving in food costs.
Food costs to 20 weeks of age for the 6 treatments were
56,0c; 52,7¢; 58,4c; 53,1¢c;47,5¢c and 41,9c¢ respectively.
Food costs to 10% production were 68,0c; 67,7c; 74,2c;
71,4c; 64 9c and 62,3c respectively.

There was little variation in daily food intake and
food conversion during the laying period. The slight
increase in food consumption and poorer food con-
version evident in all five restriction treatments proved
to be non-significant. The marginal increase in food
intake of pullets on the restriction treatments during

lay can be attributed to the compensatory effect of ad
lib. feeding following food restriction during rearing.

Restricted-reared pullets usually reach a higher
peak of egg production than those fully-fed during the
rearing period. For equal periods after maturity, a higher
average rate of lay can be expected. For egg production
to a fixed finishing age there is no difference on average
between fully-fed and restricted flocks (Lee et al.,
1971). These observations are substantiated by the
results obtained in this experiment: there was no signifi-
cant difference in total hen-housed egg mass, hen-housed
egg number or percentage hen-housed production.

Although pullets subjected to the restriction treat-
ments produced slightly fewer eggs, total egg mass pro-
duction was similar due to the larger initial egg mass of
the restricted treatments.

The results of this experiment support the view
that egg size is a function of the chronological age of the
bird rather than of the state of its physiological develop-
ment or rate of lay. The differences in average egg size
and grading are due to differences in the number of
small eggs produced. Food restriction during rearing re-
tards growth and delays sexual maturity, thus when
egg production commences, egg mass is greater.

The use of low protein diets and lysine deficient
diets during the rearing period offers an effective means
of delaying sexual maturity of pullets. However, it is
not clear from this experiment, or from published evi-
dence whether a diet deficient in lysine, in any other
amino acid or in total protein content is to be preferred.
Whilst considerable evidence exists concerning the
effects on biological performance of quantitative food
restriction there is little information relating to protein
restriction.

Useful information would be obtained from ex-
periments comparing varying degrees of energy and pro-
tein restriction during the rearing period and from ob-
servations on the effect of these rearing treatments on
subsequent biological performance. Lee et al (1971)
maintain that in most experiments using protein re-
striction there was primarily a restriction of lysine in-
take. It seems important to establish whether differ-
ent biological responses would result from the limita-
tion of amino acids other than lysine.
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