HIGH-PROTEIN VWHEATS IN POULTRY DI ETS
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SUMVARY

Experiments on high-protein wheats in poultry diets have
been carried OUt. Assays with broiler chicks i ndicated that
lysine was the only limiting amino acid for growth on di et s based
on wheat containing crude protein (CP) greater than 16%.
Threonine Was found to be the second limiting amino acid for
growth after lysine in diets based on wheat containing CP less
than 16%. However, growth on the wheat-based diets did not equal
that on the commercial, control diet.

Experinments designed to determine the interaction of
dietary-protein level and lysine requirement of broiler chicks,
usi ng wheat - based diets, showed that |ysine requirenent of
chicks for maximum growth increased linearly as the dietary CP
level increased in the range 12 to 26% The results al so
highlight the importance of amino acid Dbalance (relative to
lysine) in broiler diets.

In a layer experiment, lysine and/or nethionine
supplementation to the basal diets based on 13.7, 16.2 and 16.5%-
CP wheats (as fed) containing lysine and methionine at 90% of
the | ayer requirement did not generally elicit significant
responses either on hen-day (HD) egg production (%), eg? wei ght
(g) or egg mass  (g/b/d). Intakes of 396 and 825 ny/b/d of
methionine and lysine respectively, were sufficient to maintain
maxi mum | ayi ng performance. Layer diets, based on high-protein
wheats with very little contribution of other protein sources,
yie#& egg productions as efficient as on comercial layer
cru es.

INTRODUCTION

The use of high-protein wheat in poultry diets has been
studied widely by many workers. Simmond (1962) reported that as
the protein level of cereals increases, the |ysine content (%)
of this extra protein decreases, fresulting in a greater
possibility of a |ysine deficiency when high-protein wheats
predominate in practical poultry diets. Biely (1969), Turner
(1970), Turner and Payne (1971) and Gardiner and Dubetz (1977)
found that lysine was the first |imting amino acid i n wheat
protein for poultry and threonine was second |limting (Toepfer et_
al. 1972) . In contrast, (@ardiner and Dubetz (1977) found that
nethionine in wheat protein was the second limiting amino acid
for poultry. In studies with rats, [|van and Farrell (1975)
found that ~ |ysine was the only iimiting amino acid for rats in
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diets based on wheat -containing 17% CP.

Experimenting with laying hens, Turner (1970) concl uded that
hi gh-protein wheat could be the sole protein.. source in |aying
diets when supplenented with lysine. The work of Turner and
Payne (1971) confirmed that diets containing high-protein wheat
(17.5% CP)  supported egg-product ion equal to that on diets
containing 10.7%Cp. It was reported by Gardiner and Dubetz
(1974) that diets containing a 19.7% CP wheat supplenented with
| ysine supported growth of broiler chicks as well as did
traditional diets. Gardiner and Dubetz (1977) were in agreenent
with Turner (1970) in that high-protein wheats could be used as

}he_sole protein source in laying diets when supplenented wth
ysi ne.

Studies on the amno acid requirements of chicks have been
made by many workers (Al nmguist 1947 ; Grau 1948 , Al ngui st
1952 ; Nelson et al. 1960 ; Klain et al. 1960 ; Dobson ef_ al..
1964 ; Dean and Scott 1965 ; Gous and Morris 1985) . Grau
(1948) and Al ngui st (1952) found that as the protein |evel of the
diet increases, the lysine requirement for maxi numgrowth at a
particular protein level also increases when expressed as a
percentage of the diet. Recent experinents conducted by Mrris et
al. (1987) concluded that the requirement of |ysine by the chick
is a sinmple linear function of the dietary protein content.

The objectives of these current experinments were (i) to
determne the sequence of amno acids limting broiler growh,
(ii) to study the influence of protein levels on |lysine
requi renent of the chicks using wheat-based diets, and (iii) to
exam ne the use of high-protein wheats in laying diets.

MATERIALS AND METHODS

Experinent 1: broiler qrowth on different wheat-based diet

One hundred and twenty eight male, one-day-old broilers of a
commercial strain were used in each of these experinents. The
chicks were segregated on the basis of live weight into groups of
ei ght chicks, and given one of four experimental diets, in four
replicates. They were grown to 15 é in Experinents 1.1 and 1.2,
and to 12 d in Experinents 1.3 and 1.4. The chicks were housed in
electrically heated four-deck battery brooders with wre-mesh
floors, and illumnation was cont inous. Feed and water were
supplied ad libitum The chicks and uneaten feed were wei ghed at
the end of the experi nment.

Four basal diets, fornmulated to be deficient in |ysine,

met hi oni ne and threonine, contained nmainl four different
wheats. Al diets were of equal enezgy and and were fed in
mash form Conposition of the basal diets and cal cul ated am no

acid contents are presented in Tables 1 and 2 respectively.
Synthetic L-lysine (L) alone or plus DL-nethionine (M) or
plus DL-nethionine and L-threonine (T) were added to the basal
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diets to satisfy the chick's
Commer ci al broiler-starter crunbles obtained from Fiel ders

Agricul tural Products, Tamworth, were used as the control
diet.It should be noted that NaCl was added to diets 1.3 & 1.4

but not to diets 1.1 & 1.2

requirement  ( SCA 1987 ) .

Table 1, Composition (g/kg) of basal diets for Experinments
1.1 to 1.4.
Experiments
1.1 1.2 1.3 1.4
Wheat (15.4% CP) 870.0 - - -
Wheat (17.3% CP) = 900.C = =
Wheat (16.2% CP) - - 787.0 -
Wheat (16.5% CP) - - - 787.0
Meat and bone meal 100.0 100.0 100.0 100.0
Soybean meal 30.0 - 100.0 100.0
Sunflower oil - - 10.0 10.0
Sodium chloride - - 3.C 3.0
Vitamins & minerals mix. 2.5 2.5 2.5 2.5
Determined nutrient content (on air-dry basis):
Dry matter (%) 87.1 88.6 87.5 89.3
Crude protein (%) 20.0 20.6 21.0 22.0
ME (MJ/kg) 12.7 12.8 12.8 12.8
Table 2. Amino acids contents (%2, on air-dry basis
based on determ ned values for individua
dietary ingredients) of basal diets for
Experiments 1.1 to 1.4 and amino acid
requi rement of chicks O 4 weeks (SCA 1987).
Experiments
————————————————————————————— Requirement
1.1 1.2 1.3 1.4 (sCa 1987)
Arginine 1.08 1.06 1.20 1.26 1.02
Clycine 1.35 1.32 1.38 1.46 -
Serine 0.96 0.98 0.93 0.99 -
Histidine 0.4C 0.38 0.45 0.45 0.39
Iscleucine 0.62 0.63 0.74 0.78 0.67
Leucine 1.28 1.34 1.41 1.49 1.46
Lysine 0.77 0.71 0.87 0.92 1.13
Methionine 0.32 0.33 0.33 0.34 0.45
Cystine 0.34 0.35 0.34 0.38 0.75
Met + cystine 0.66 0.68 0.67 0.72 1.20
Phenylalanine 0.89 0.85 0.93 0.98 0.79
Tyrosine 0.58 0.54 0.59 0.62 0.56
Phe + tyrosine 1.47 1.39 1.52 1.60 1.35
Threonine 0.57 0.57 0.59 0.59 0.68
Tryptophan 0.19 0.19 0.22 0.23 0.21
Valine 0.80 0.81 0.84 0.94 0.90



The data obtained were subj ected to anal ysis of variance
using the NEVA program (Burr 1980) and Duncan's nultipl e-range
test (Steel and Torrie 1960) was used to determne differences
bet ween neans.

Experinent 2 : effect of altering |ysine and protein
contents of broiler diets

Experinments 2.1 and 2.2 were designed to neasure chick
growmh rate and feed-conversion ratio on 20 diets containing 5
dietary lysine concentrations <(g/kg CP) at each of 4 dietary-
protein |levels, using wheat-based diets.

Si x hundred and forty nale, one-day-old broilers of a
commercial strain were used in each of the two experinents
The chicks were segregated on the basis of live weight into
groups of 8 chi cks, and were fed ad Libitum on dry-mash
experimental diets wth water cont inously avail abl e, in four
replicates. D ets were introduced at one day of age and fed to 21
d. Chicks and uneaten feed were weighed at days 7 , 14 and 21.
Data obtained at 21 d were subjected to analysis of variance
using the NEVA program (Burr 198C) and Duncan's nultipl e-range
test (Steel and Torrie 1960) was used to determ ne differences
bet ween neans,

I n Experinent 2.1, diets varying in CP contents were
obtained by fornulating a sunmit diet (260 g CP/kg) and a basal
di et (140 g CP/kg). The range of protein levels tested was from
260 g Cp/kg down to 140 g Cp/kg, in increnments of 40 g CP/kg.
The summt diet was fornulated by fixing the |ysine content at
11.2 g/ kg diet (43 g lysine/ kg CP) and all other essential am no
acids at not less than 1.4 tines the chick's requirenent (sca
1987). The range of |ysine contents was from 43 g/kg CP to 63
g/kg CP in increments of 5 g/kg CP.

In Experinent 2.2, the summt diet was fornmulated to be 240
g CP/kg and the basal diet was 12C g CP/kg, to give a range of
protein levels from 240 %_CP/kg down to 120 g CP/kg with
increnents of 40 g CP/kg. The summt diet was fornul ated by
fixing the lysine content at 11.3 g/ kg diet (47 g |ysine/ kg CP)
and all other essential amno acids at as close asTpossibIe to
those of the <chick's requirenent (sca 1987). he range of
| ysine contents was from 47 g/kg CP to 63 g/k% CP in increnents
of 4 g/kg CP. Glycinewas incorporated in the summt diet to
achieve N content equal to 240 g Cp/kg but all other essential
amno acids remain as close as cossibie to these of the chick's
requi rement (SCA 1987).

In both experiments, diets with internediate protein |evels
were fornulated by blending together the summt and basal diets
in appropriate portions. Al diets in both experinments were
formulated to contain 13.0 M} ME/kg. Conposition of the summt
and basal diets of both experinments and calculated am no acid
contents are presented in Table 3.
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Table 3,

Conposition (g/kg) of

summit and basal di et s

and am no acids contents (%, on air-dry basis

based on determ

dietary ingredients)

ned val ues for
for

Experiment 2.1

I ndi vi dual
Experinents 2.1 and 2.2.

Experiment 2.2

Summit Rasal Summit Basal
Blood meal 30.0 10.0 30.0 1.C
Field peas 60.0 30.0 40.0 1.0
Sweet lupins 30.0 30.0 40.0 1.0
Meat and bone meal 80.0 30.0 100.0 1.0
Wheat gluten 130.0 50.0 30.0 1.0
Corn starch 157.2 217.5 - 76.7
Wheat (17.3% CP) 502.5 - 688.0 520.0
Wheat (10.4% CP) - 6C4.5 - -
Sorghum - - 62.8 356.0
Sunflower oil 3.5 8.0 2.0 9.0
Dicalcium phosphate - - - 12.0
Calcium carbonate - 14.5 - 15.0
Sodium chloride 3.0 3.0 1.0 3.0
Vitamin & mineral premix. 5.0 5.0 5.0 5.0
L-lysine 1.5 1.1 2.5 3.0
DL-methionine 1.1 0.7 C.6 0.3
L-threonine 1.2 Cc.7 -
Glycine - - 3.1 -
Determined nutrient content (on sir-dry basis):
Dry matter (%) 1.5 90.7 94.4 94.2
Crude protein (%) 25.8 14.1 24.2 12.4
ME (MJ/kg) 12.€ 12.8 13.0 12.9
Calculated amino acids contents (% , on air-dry basis):
Arginine 1.42 0.78 1.29 0.50
Glycine 1.07 0.56 1.36 G.45
Serine 0.64 0.35 0.66 0.38
Histidine 0.70 0.34 0.53 0.24
Isoleucine 0.87 0.49 0.69 0.41
Leucine 1.89 0.98 1.67 0.95
Lysine 1.12 0.60 1.14 0.55
Methionine 0.71 0.36 0.35 0.20
Cystine 0.46 0.27 0.33 0.20
Met + cystine 1.17 0.63 0.68 0.40
Phenylalanine 1.43 C.68 1.08 0.53
Tyrosine 0.83 0.40 0.62 0.38
Phe + tyrosine 2.26 1.08 1.70 0.91
Threonine 0.94 0.50 0.70 0.33
Tryptophan 0.2° 0.15 0.24 c.12
Valine 1.16 0.63 G.99 0.49

Experi nent 3

: egqqg production

Two hundred and forty one-day-old single comb Wite Leghorn

New Hanpshire

(sSCWL x NH) and two hundred and forty Black
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hustralorp (SIRO-CB) brown-egg layers ., of the samr.ace. , we e
reared in floor pens with electrically heated brooders.Commercial
starter crunbles obtained from Fielders Agricultural Products,
Tammworth, were offered ad libitumin galvanized-iron suspended
feeders to six weeks of age. G ower crunbles, fromthe same
feedmill, were then provided ad libitumto eight weeks of age,
and then in restricted anounts to the onset of lay (18 weeks of
age). Water was continously available. The chicks were vaccinated
agai nst Marek's di sease and were beak-trinmmed at the hatchery.

At 18 weeks of age, the pullets were housed in single-bird
cages in a naturally-ventilated, enclosed shed and had access to
experinmental diets in a feed trough common to five cages. Water
was provided at all tines and illumnation was 16 h a day.

Three basal diets, based on three different wheats
(WL , 13.7% CP ; WH 16.2% CP and WI , 16.5% CP on air-dry
basis) were fornulated to be 13.0 MJ ME/ko, and 16.5% CP by
fixing the lysine and nethionine contents at 90% of'the
recomended requirenment for layers (SCA 1987). Conposition of the
basal diets and its calculated nutrient content are presented in
Table 4. Shown in Table 5 are the amno acids contents based on
determned values for individual dietary ingredients.

Tabl e 4. Conposition (g/kg) of the basal diets
for Experinment 3.

Basal 1 Bacsal 2 Basal 3
Wheat WL (13.7% CP) 788.2 - -
Wheat WH (16.2% CP) - 838.9 -
Wheat WT (16.5% CP)* - - 838.9
Protein concentrate 150.0 77.0 77.0
Sunflower oil 15.0 20.0 20.0
Sodium chloride 3.0 3.0 3.0
Calcium carbonate 40.0 44 .0 44.0
Dicalcium phosphate - 12.5 12.5
L-lysine 1.5 2.3 2.3
DL-methionine 1.1 1.1 1.1
Vitamin & mineral mix. 2.0 2.0 2.0

Determined nutrient content (on air-dry basis):

Dry matter (%) 92.2 93.2 91.0
Crude protein (%) 16.5 16.3 16.5
Fat (%) 4.3 4.1 4.0
ME (MJ/kg) 12.4 12.2 12.0

-—— e — ——————————— —_ ———_—— — ————— — ————— - ——————_———— —— ———- ——————

* Comprised of 50% meat & bone meal , 20% sweet lupins
and 30% field peas.
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Table 5. Amno acid contents (2, on air-dry basis
based on determ ned values for individua
dietary ingredients) of basal diets for
Experinent 3.

Easal diets

1 2 3
Arginine 0.89 0.82 0.87
Glycine 1.01 0.81 0.89
Serine 0.27 C.29 0.21
Eistidine 0.29 0.28 0.28
Isoleucine 0.50 0.49 0.54
Leucine 1.03 1.02 1.09
Lysine 0.68 C.69 0.69
Methionine 0.33 0.33 0.35
Cystine 0.27 0.27 0.31
Met + cystine 0.60 C.60 0.66
Phenylalanine G.58 0.60 0.60
Tyrosine 0.38 0.38 0.38
Phe + tyrosine 0.96 C.98 0.98
Threonine 0.45 C.44 0.46
Tryptophan 0.16 0.16 0.17
Valine 0.57 0.58 0.68

Each of the basal diets was then divided into four fractions
into which synthetic L-l1ysine or DL-methionine or a conbination
of both were added to cover 110% of requirement for both amino
acids , togive a 2 x 3 x 2 x 2 factorial design (2 strains ,
3 different wheats , 2 levels; of lysine and 2 levels of
met hi oni ne). Commercial | ayer crunbles were used as the contrci
diet. Details of the test diets are given in Tabie 6.

Table 6, Details of the treatnment diets for Experiment 3.

Diet: Treatment:
1 Rasal diet 1
2 Diet 1 + L-lysine
3 Diet 1 + DL-methionine
4 Diet 1 + L-lysine + DL-methionine

5 Basal diet 2

6 Diet 5 + L-lysine

7 Diet 5 + DL-methionine

8 Diet 5 + L-lysine + DL-methionine

9 Basal diet 3

10 Diet 9 + L-lysine

11 Diet 9 + DL-methionine

12 Diet 9 + L-lysine + DL-methionine
13 Commercial layer crumbles (control)
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Measurenents commenced at 2C weeks and finished at 6c weeks
of age. Feed consunption (g/da), lysine and nethionine intakes
(mg/d) were calculated every four weeks. Hen-day egg producticn
(¢) was recorded for each one-week peri od. Egg mass (g/ b/ d) was
neasured weekly from a one-day collection. Egg specific gravity
was determined by flotation in saiine solutions ascending from
1.060 to 1.090 specific gravity in increments of 0.005
(Voisey and Hamilton 1977) and was observed every four weeks
froma three-day egg collection. The birds were weighed every
ei ght weeks and nortality was recorded daily.

The data obtained were subjected to analysis of variance
using the NEVA program (Burr  1980) and Duncan's nul tipl e-range
test (Steel and Torrie 1960) was used to determire differences
bet ween neans.

RESULTS AND DI SCUSSI ON

Experi nent 1 : broiler gqgrowth on different wheat-based diets

Body weight gain (BWG,g/d) and feed-conversion ratio (FCR,
feed/gain) of Experinents 1.1 to 1.4 are presented in Table 7.

Table 7. Mean + SD of weight gain (EWG , g/d> ard FCR (feed/
gain) of broilers growmn from1 to 15 @ in Experi-
ments 1.1 and 1.2 , and from1l to 12 d in Experi-
ments 1.3 and 1.4 fed basel diet supplenmented with
L-l1ysine (L), DL-nethionine (M), and L-threonine (T).

Treatment BWG FCR

Wheat 15.4% CP (Experiment 1.1)

Rasal 5.9 + 0.262% 2.3 + 0.162
Basal + L 11.7 + 0.3gP 1.6 + 0.03P
Basal + L + M 11.4 + 0.42P 1.6 + 0.01
Basal + L + M + T 12.6 + 0.67€ 1.6 + 0.04P
Control 21.2 ¥ 0.549 1.2 + 0.02€
Wheat 17.3% CP (Experiment 1.2)

Basal 4.7 + 0.728 2.4 + 0.182
Basal + L 10.5 + 1.00P 1.7 + 0.06°
Basal + L + M 11.3 + 1.20P 1.6 + 0.20°
Basal + L + M + T 11.2 + 0.75P 1.7 + 0.09P
Control 21.2 + 0.54€ 1.2 + 0.02€
Wheat 16.2% CP (Experiment 1.3)

Basal 9.2 + 0.272 1.9 + 0.082
Easal + L 15.8 + 1.01P 1.5 + 0.06P
Basal + L + M 15.7 + 1.24P 1.5 + 0.02
Basal + L + M + T 16.6 + 0.93P 1.4 + 0.18€
Control 18.0 + 0.11€ 1.4 + 0.02€
Wheat 16.5% CP (Experiment 1.4)

Basal 9.3 + 0.428 2.C + 0.262
Basal + L 15.1 + 1.57P 1.5 + 0.10P
Basal + L + M 15.1 + 0.32P 1.5 + 0.02P
Basal + L+ M + T 15.7 + 0.76P 1.5 + 0.10P
Control 18.0 + 0.11€ 1.4 + 0.02€

* Values within a column with different superscripts
(a-d) differ significantly (P<0.05).
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There were significant differences (p<0.01) in both BWG
and FCR in all experinents. Only in Experinent 1.1 was there a
response to an amno acid other than to lysine. In all cases
suppl ementation did not increase growh or improve FCR to that
on the conmercial diets.

In all experinents, | ysine supplenentation increased BWG
significantly (P<0.01). This indicates that Ilysine was the first
limting amno acid in the basal and is in agreenent wth data of
ERiely (1969) , Turner and Payne (1971) and Gardiner and Dubetz
(1977) for poultry, andlvanand Farrell (1975) for rats.

Met hi oni ne suppiementation tc the basal diet, together wth
lysine, did not produce any significant difference either in BwWG
or FCR in all experiments, Threonine addition to thebasal diet,
together with lysine and nethionine in Experiment 1.1, increased
BWG significantly (P<0.01), but did not inprove FCR In
Experiments 1.2, 1.3 and 1.4 neither nethionine supplenmentation
nor threonine addition to the basal diet together with |ysine
i mproved BWG and FCR. It can be concluded fromthese experinents
t hat nethionine wasnot the second limiting amno acid for growth
after lysine in the test diets. Threcnine may be the. second
limting amno acid after lysine in diets based on wheats
containing less than 16% CP.Neithermethionine nor threoni ne was
the second limting amino acid for growth in diets base6 on
wheats containing CP greater than 16%. lvan and Farrell (1975)
reported that |lysine was theonly limiting amino acid in wheats
containing CP greater than 179, _.for rats. Inall of these
experiments, the highest BWCand the best FCR were achieved cox
the commercial control diet. This was partly due to its form ;
intake of crumbles is usually higher than that of mash.

There is also reason to believe thatdietsl.ls& 1.2 were
suboptimal in NaCl. In Experinents 1.3 & 1.4 with added NaCl a
small growt h response on the basal diets (Table 7) was obtai ned.
In these latter experinents differences in growth rate and FCR
between the control and suppl enent ed grouEs were small al t hough
still significant (pP<0.05). It appears that there is not only a
single amino acid or a conbination of essential amno acids in
wheat protein limting broiler growh, but other factors which
these experinents failed to identify.

Experiment 2 : effect of altering lysine and protein
contents of broiler diets

Mean + SD of BWG (g/d> and FCR (feed/gain) of broilers in
Experiments 2.1 and 2.2 are presented in Tables 8 and 9
respectively.

In both experinents BW5 increased and FCR inproved
significantly (p<0.01) as protein |levels increased. InExperinment
2.1 , 1lrrespective of protein |evel , lysine supplenmentation
generally i ncreased BWG and i nproved FCR significantly (pP<0.0l).
In Experinent 2.2, however , the pattern of response to dietary
lysine on each dietary-protein | evel both ir BwG and FCR was not
consistent. Ondiets containing 12% cp , | ysine supplenmentation
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did not increase BWG , but inproved FCR significantly (p<0.01).
On diets containing 16 , 20 and 24% CP , |ysi ne suppl enentation
general ly did not consi stently increase EWG nor improve FCR
significantly (p>0.05). Lysine suggl ementation of the diet to
gi ve |lysine concentration above g/ kg CP in Experinment 2.1
tended to depress BWG , and above 51 g/ kg CP in Experinment 2.2
geng&glly did not produce significant differences in either BWG
or :

Table 8. Mean + SD of BWG (g/d) and FCR (feed/gain) of
broilers in Experinment 2.1 (¢ - 21 a).

CP level (%) of dlets.

Lysine 14 18 22 26
(g/KG CP) ——=—m—mmmmmmm e S S
BWG
43 6.9+40.6422%  9.7+40.452F 12 .4+1.44%C  17.6+0.513D
48 8.6+0.25P2 13 2%1.05PF  14.9%1.562PB 20, 5+2..7bC
53 9.2+41.01PC2 13 .8%+1. 45b‘ 19.3+1.80°C  20.130.99PC
58 9.8¥0.87PC2  15.930.77°F  19.7¥1.18°C  21.6%2.02bC
63 10.4%40.55°®  15.9%0.95°F  17.6+1.07PEC  20.1%1.34PC
FCR
43 4.1+40.358% 3.0+0.1728B 2.4+0.263C 2.0+0.112C
48 3.3+0.45P2 2.410.19PF 2.2%0.282F 1.7+0.203PB
53 3.2+0.19PA 2.4+%0. 12bB 1.7+0.17P€ 1.6+0. 1abC
58 2.7+0.25CA 2.0+0.08CB 1.7+0. oebBC 1.6+0.14PC
63 2.8+0.29P€A 2 0%0.05¢B 1.8+0.08PB 1.7+0. 17abB

* Values within a row (A-D) or within a column (a-c) with
different superscripts differ significantly (P<0.05).

Table 9. Mean + SD of BWG (g/d) and FCR (feed/gain) of
broilers in Experiment 2.2 (0 - 21 4d).

CP level (%) of diets.

Lysine 12 16 20 24
(g/kg CP) == e
BWG
47 7.1+0.69%”% 12 .240.643F  15.6+1.443C 19.3+1.082D
51 7.6+40. 57abA 14.0%1. ssabb 17.3+1. 58abC 20.0+1.778bC
55 8.7+1.31P2  14.8%1.31PB 19.7%0.20°C 21.6+0.72PD
59 8.4+0.423P2 15 0%1.24PB  19.4%70.66PC 22.6%1.20PD
63 8.2+1.228PA 13 637 583PB 18 937.32PC 19,.770.633PC
FCR
47 3.8+0.263%  2.2+0. 13aE 1.9+0.18%8  1.7+0.208C
51 3.3+0.15P2 2 0¥0.08PF  1.7%0. ogﬂPC 1.6+0. 15aC
55 2.8+0.38°%  2.010.14PF  1.7%0.06%F  1.6%0.123F
59 2.7+0.07°2_ 2. o%o. 14bB 1.7+0.123C  1.5%0. c9bC
63 3.4+0.418P2 5 2¥0.152E 1 .7%0.143C  1.7%0.06°

| e — o G Gee - ———— —— — t—— G — —— —————- — —— ————— ———— —— —— - ———_— = ——

* Values within a row (A-D) or within a column (a-c) with
aifferent superscripts differ siagnificantly (P<0.05).
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In both experiments, at eachdietary protein level, growth
reached a plateau at a lysine level where all other essentia
amno acids were balanced relative to lysine, and this indicates
the inportance of amno acid balance in diets. In Experiment 2.1
as lysine concentration increased from43 to 58 g/kg CP , the
amno acids relative to |ysine cane into balance. In Experinment
2.2, however, because all other amino acids in both the sunmt
and basal diets were fixed at as close as possible to the am no
aci d balance required by the chicks, the amno acids relative
to lysine tended to be iIncreasingly out of balance as the |ysine
concentration in the diets increased from51 to 63 g/kg CP. In
Experinent 2.1 growth rates obviously reflected intake of |ysine,
and this finding is in agreenent with that reported by Gous and
Morris (1985).

. CQur datain Experinment 2.2 suggest that amino acid inbal ance
is the major cause of the increased |lysine requirement with
increasing dietary protein content. It is alnpst inpossible to

fornulate all amno acid requirements to be in 'ideal' bal ance.
It was for this reason that the maximum dietary crude protein was
24% .Even then it likely not 211 of the amno acids were in

conpl ete bal ance.

In order to estimate the lysine dose-response giVving meximum
BWG or maxi num efficiency of feed utilization, quadratic curves
of BWG and FCR on lysine level (g/kg diet) of each dietary
protein level (%) were fitted (Fig. |1-4).

FCR (feed/gain)
—

3 -
14% CP
2r % CP'
22% ¢P 26% CP
1 -
Ol i Nl i 1 1 L J
4 (] 8 10 12 14 18 18

Lysine (g/kg diet)

Figure 1. Response of FCR to dietary-lysine
concentration (g/kg diet) in Experinment 2.1.
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?WG (g/d)

N
o
T

268% CP

4 L i -l 1 1 1 1

4 8 8 10 12 14 16 18
Lysine (g/kg diet)

Figure 2. Response of BWG to dietary-lysine
concentration (g/kg diet) in Experinent 2.1

5 FCR (feed/gain)

4t
. 12% CP
3t
\.—/6* cr

2r \.“gél:ﬁ-—/?4i cP
1}
0 1 1 1 L 1 J

4 6 8 10 12 14 18

Lysine (g/kg diet)

Figure 3. Response of FCR to dietary-Iysine
concentration (g/kg diet) inExperinment 2.2.
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gl ‘/—'N 12% CP

4 ! L L L L )
4 6 8 10 12 14 16
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Figure 4. Response of BWG to dietary-lysine
concentration (g/kg diet) in Experinment 2.2.

In Experiment 2.1 there were significant guadratic responses
in both BWG and FCR tc increasing dietary |ysine concentraticr: at
each dietary protein |evel wth the exception of BWG at 26%
CpP. ln Experinent 2.2, however, the pattern of response to
dietarv _Lysine concentrations, as already nmentioned, was not
consistent . \Wen lysine requirement (Y , g/kg diet ) was
rearessed against protein levels (x, %), the lysine required
(g/kg diet) to maximze both BWs and FCR was linear to protein

level of the diets (Fig. 5-6). The linear regression equations
were :

For maximum EBWG :

Experiment 2.1 , Y = 1.275 + 0.522 X (1)
SD_= 0.62], 0.030
R4= 0.969

Experiment 2.2 , Y = -0.640 + 0.605 X (2)
SD2= 0.839, 0.045
R¢= 0.98

For maximun FCR :

Experiment 2.1 , Y = 0.075 + 0.572 X (3)
SD.= 0.135, 0.006
R2= 1.0G

Experiment 2.2 , Y = -0.04 + C.567 X (4)

: SD_= 1.958 C.105

R2= 0.93
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5 Lysine required (g/kg dist)
O -

15 | Y = 1278 + 0.522X f
r2. 0.99 TR
e T 0.076 + 0.6572%
T v P r2. 1,00
10F R
P S -—__ -------
P
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14 18 22 26
CP level (%)
----- FOR -+~ BWG

Figure 5. The regressicn of lysine required (¥) for maxinum
FCR (.) and BWG (+) on CP level (X) of the diet
in Experiment 2.1

20 Lysine required (g/kg dist)

1B
Y « -0.840 + 0.806X P
r2. 0.98 — T
e ¥ < 20,04 + 0.667X
1or g r2. 0.88
- ”".“— ——‘-‘-
5k
0] L L 8
12 18 20 24
CP level (%)
----- FCR - BWG

Figure 6, The regression of lysine required (Y) for maxinum
FCR (.) and BWG (+) on CP level (x) of the diet
I N Experiment 2.2
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The slopes of the lines in Experiment 2.1 (Fig.5) are 53.4
and 57.2g1lysine/kg CP for BwG and FCR respectively. Since the
intercepts were not significantly different (P>0.01) from zero,
forcing the lines through the origin gives a slope of 57.5 and
57.6g | ysine/ kg CP respectively for BWG and FCR |In Experinent
2.2(Fig.6) the slope of the lines are 600and 56.7 g |ysine/kg
Cpfor BWG and FCR respectively. The intercepts were also not
significantly different (P>0.01) from zero, forcing the lines
through the origin gives a slope of 57.8% | ysi ne/ kg CP for BWG
and 56.6 g lysine/lkg CP for FCR. It can be concluded fron this
study that the |ysine required formaximum BWG and the best FCR
is 5759 lysine/kg CP. This finding is in agreenment wth that
reported by Bdongaardt and Baker (1973) and Morris (1989), but
higher than that reported by Mrris et al.(1987) these were 57 ,
56 and 53dg I%/sine/kg CP respectively. This discrepancy may
be due to difference in actual protein quality of the diets and
possible to the strain of broiler used.

Morris (1989) has examned the interaction of |ysine and
arginine on the linear relationship between |ysine requirenent
and dietary protein content. There was no effect on high or |ow
dietary arginine levels on the lysine/protein relationship.
Morris (1989) showed al so for nethionine and tr%pt ophan | i near
relationship simlar to that found previously between dietary
| ysine and crude protein.

In practical fornulations, Ilysine requirement for chicks
should be specified as a proportion of crude protein content
rather .than as a proportion of the diet per-se. From these
studies |ysine appears to be not more than 1.21% for each 20% of
dietary crude protein at an ME of about 12.8 M/ kg diet.

Experiment 3: eqq production

Main effects of wheats,  strains, | ysi ne and net hi oni ne
| evel s on intakes of layers and production perfornmance are
presented in Tables 10 and 11 respectively.

In general the HD egg-production (%) on all diets was
acceptably high throughout the experimental peri od, with the
exception that there was a slight drop in egg production at 40 to
4aweeks of age (late Dec.-late Jan.), Feed intake was graduaily
i ncreased from 20 to 32 weeks of age,and was relatively stable
from 32weeks of age to the end of the experinment, Wth a siight
reduction at 40 to 44 weeks of age.These results maybedue to
the higher environmental tenperature during that period whic
were 29.20-30.30C for the maximum and 14.30-15.00oC for the
mninum Three birds died during the experinent.

Birds on the 13.7% CP-wheatdiets consumed significantly
(P<0.05) less feed than those on the other diets. The likely
explanation for this finding is the higher (12.4 M ME/kg)
determ ned ME content of diets based on 13. 7% CP-wheat. As a
result of differences in energy content of the diets and daily
feed intaké, all birds on all wheats-based diets had consuned an
equal amunt of energy, whichis 1.46 MJ ME/ b/d. Because all
wheat s- based diets, bycal cul ati on, had equal content of |ysine
and nmethionine, consequently birdson the 13.7% CP-wheat diets
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al so consumed significantly (P<0.05) | ess iysine and net hioni ne
than those on the other diets.

Table 10. Miain effects of wheats , strains , |ysine
and methionine |evels on intakes of layers
from20 to 60 weeks of age in Experinment 3.

Feed ME Lysine Methionine
Treatment intake intake intake intake

g/b/d MJ/b/d rg/b/d mg/b/d
WL 119* 1.45 912" 445*
WH 122 1.48 936 457
WT 122 1.45 937 457
LSD 5% 2.5 0.03 19.6 9.6
SIRO-CB 124%% 1.50% 953** 465"
SCWL x NH 117 1.42 904 440
LSD 5% 2.1 0.02 16.1 7.8
L 90% 121 1.47 825** 455
L 110% 120 1.45 1032 450
LSD 5% 2.1 0.02 16.1 7.8
M 90% 120 1.45 924 396" "
M 110% 121 1.47 932 509
LSD 5% 2.1 0.02 16.1 7.8
* Significant at P<0.05 ** Significant at P<0.0l

Differences in these amno acids intakes did not elicit any
significant differences in either HD-egg production (%), egg
wei ght (g) or egg mass (g/b/d). This finding is probably due to
the higher mninmum | ysine and nethionine intakes (on the 13.7%
CP-wheat diets) which were 912 and 445 ng/b/d respectively than
the recomended levels ( SCA 1987 ). Body weight gain was
affected by wheats ; it decreased significantly (P<0.01) as wheat
protein increased. The reason for this finding is unknown.

Lysine or nmethionine alone or in conbination generally
did not yield significant differences in hen perfornmance. Two
Fossible expl anations for this are, firstlg, t he average
ysine and nethionine intakes were 825 and 396 ng/b/d in diets
containing both amno acids at 90% of the laying's requirenent
(SCA 1987) , are sufficient to naintain maxi num egg production
Turner (1970) found that |ysine supplenmentation to the basal diet
conprised mainly of wheats as the sole protein source, increased
HD-egg production to & level simiiar to those on the control
diets, which was 67.5% Since their experinent was run over 12
weeks and the birds were 24 weeks cf age when the experinent
commenced, the HD-egg production of 80% should be expected. It
was reported further that egg wei ght increased significantly by
| ysine suppl ementati on. Unfortunately, Turner (1970) did not
cal cul ate irtake of lysine, but since the lysine content of the

300



basal diets was 80%of the laying requirenment, this Jlevel was
probably |low enough to obtain responses to |ysine
Suppl enent at i on. Secondly , these results indicate that high-
protein wheats (16.2 and 16.5% CP) have simlar protein quality
to normal wheats (13.7%. Karunaa .(1985) found that sprouted
wheats also had a simlar protein quality to nornmal wheats.

Table 11. Miin effects of wheats , strains , | ysine (L)
~and nethionine (M) | evels on production per-
formance from 20 to 60 weeks of age in

Experinent 3.
HD-egg Egg Egg Body
Treatment production weight mass weight gain
(2) (g) (g/b/d) (g/d)
WL 78.8 54.4 42.9 2.00"
WH 78.1 54.5 42.6 1.92
WT 78.8 54.4 42.8 1.91
LSD 5% 1.71 0.66 1.15 0.032
SIRO-CB 78.2 53.0" 41.4% 2.25%
SCWL x NH 78.9 55.9 44.1 1.63
LSD 5% 1.39 0.54 0.94 0.026
L 90% 78.4 54.5 42.7 1.77%
L 110% 78.7 54.4 42.8 2.11
LSD 5% 1.39 0.54 0.94 0.026
M 90% 78.4 54.3 42.5 1.98%
M 110% 78.7 54.6 43.0 1.90
LSD 5% 1.39 0.54 0.94 0.026
Control 77.6 55.3 42.9 2.40

——— —— —— ————————————— ——_— _— ——_———_———— ———— - — —————————_————— —————— -

* Significant at P<0.01

There was no significant difference in HD egg production (%)
between  strains. However, SIROCB birds lard significantly
(P<0.01) smaller eggs than SCW. x NH. As a result, SI RO- CB
birds also produced a significantly (P<0.01) | ower egg mass.SIRO-
CB birds consuned significantly (P<0.01) nore feed and gained
significantly (P<0.0l1) greater body weight than SCAL x NH These
findings are not surprising and are due to known strain
differences in performance.

Egg specific gravity (not presented in a tabular form on all
diets declined from 1.0886 to 1.0755 as the birds aged but was
not affected by supplenmentation of |ysine or nethionine. This
finding 1s in agreenent with that reported by Gardi ner and
Dubetz (1977).

There walso a significant interaction between strain x
| ysine on HD egg production and between strain x nethionine on
egg wei ght (Table 12). Lysine supplenentation to the basal diets
did not produce significant difference in HD egg production of
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SIRO-CB birds; In SCAL x NH birds, however HD egg production
was i ncreased significantly (p<o. 05) by |ysine supplementation.A
| ysine requirenent of nore than 805 ng/d is needed. This |s in
agreement with a suggested intake of 833 ngy/d for a 50- e%g
mass/day. A similar response was observed in egg wei ght

met hi oni ne suppl enentation. The SCA (1987) recomendation for
met hi oni ne-of 389 ng/d is in adequate for the SCAL x NH strain to
mai ntai n maximum egg wei ght over 40 weeks of [ ay.

Uzu and Larbier (1985) found that crossbred (ISA brown)
sem -heavy laying hens fed diets based on nmize and soybean
oilmeal yielded optinmum laying rate and egg wei ght when daily
|l ysine Intake was 790 ng/b/d. Higher lysine i1ntake had no
additional effects.

Table 12. Effect of interaction between strain x |ysine (L)
on HD egg production (%) and between strain x
met hi oni ne (M) on egg mel%)t (g) and intake of
lysine , nmethionine (ng/b/d) and ME (MJ/b/d).

HD egg Egg Lysine Methionine ME
production weight intake intake intake
SIRO-CB .
L 90% 79.24 - 844 - 1.51
L 110% 77.32 - 1061 - 1.49
M 90% - 53,22 - 407 1.49
M 110% - 52.92 - 524 1.51
SCWL x NH
L 90% 77.72 - 805 - 1.43
L 110% 8o.1P - 1003 - 1.41
M 90% - 55.5P - 386 1.42
M 110% - 56.3€ - 495 1.43
LSD 5% 1.97 1.97 22.72 11.10 0.03

——— ——————— ——_—— — —————— - _—— —" ——— - T — A — — " t—— ——— — T ———————— —— —— — ——— —

*Values within a column with different superscript
(a-c) differ significantly (P<0.05)

It was assuned that birds would consune on average 110
g/b/d. This was an underestinate, therefore fixing lysine and
nmet hi oni ne contents of the basal diets at 90% of requirenent
(scA 1987) was probably too generous to get production responses
to those am no aci d supplementations. As al ready nentioned, the
| owest intake of |ysine and methionine on all diets containing
those amno acids at 90% of estinmated requirenment was in
reasonably close to the bird' s requirenment (SCA 1987).

It can beconcluded fromthis experiment that a diet based
on high-protein wheats with a small contribution from ot her
protein sources produced hen production performance as efficient
as that produced on a commercial |ayer diet.
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