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ABSTRACT The study was conducted to investigate
the effect of adding multienzyme preparation (Rovabio
Excel AP, Adisseo Asia Pacific Pte Ltd., Singapore) at 2
inclusion levels of sunflower meal (SFM; 20 and 30% of
the diets) with 3 levels of digestible Lys (0.8, 0.9, and
1.0%) with and without enzyme in a 2 × 2 × 3 factorial
arrangement. Each diet was offered to 4 replicates of 51
one-day-old straight-run Hubbard broiler chicks (n =
2448) in a practical vegetable-based mash diet having
2,750 kcal of ME/kg and 19% CP during 2 wk posthatch-
ing (1 to 14 d of age). Feed formulation was based on
digestible amino acids, which were calculated from the
CP and DM contents of each ingredient using AminoDat
2 (Degussa Corp., Allendale, NJ). The enzyme used in
this study was authenticated by the supplier to have mini-
mum level of endo-1,4-β xylanase (22,000 visco units/g)
and endo-1,3(4)-β glucanase (2,000 AGL units/g) and was
added at the rate of 50 mg/kg of finished diet. No signifi-
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INTRODUCTION

Growth of broilers during the first week of life plays
an important role in subsequent growth and performance.
Hence, the trend is now shifting from starting diets to
prestarting diets for attaining desired BW in less time.
These high growth rates can only be achieved by using
quality dietary protein ingredients. Among the protein
sources, soybean meal (SBM) is considered as an excellent
protein source due to its good amino acid (AA) profile and
high digestibility values (Leeson and Summers, 2001).
However, in countries like Pakistan, where SBM is not
cultivated and must be imported for use in animal feeds,
its use at higher levels is limited due to economical
reasons.
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cant effect of enzyme or level of SFM was observed on
BW gain (BWG), feed intake, or mortality during the
experimental period. The BWG and feed:gain for birds
fed on 30% SFM with enzyme were comparable to those
fed on 20% SFM without enzyme during 1 to 14 d of age.
However, enzyme at 20% SFM depressed the BWG (P ≤
0.006) and feed conversion ratio (P ≤ 0.027). A quadratic
(P ≤ 0.036) response of digestible Lys was noted for BWG,
whereas it was linear (P ≤ 0.001) for feed:gain during 1
to 7 and 1 to 14 d. A level of 1.0% digestible Lys was
observed best for BWG and feed:gain. For BWG, 0.8 and
0.9% digestible Lys was comparable when it was used at
30% SFM, along with enzyme. In conclusion, enzyme
supplementation during 2 wk posthatching has no re-
markable effect when used in SFM-based diets. Moreover,
digestible Lys may be lowered to 0.8% during the first
week but not less than 1.0% during the second week post-
hatching.

Sunflower has a great capability to adapt to different
climatic and soil conditions and is, therefore, cultivated
worldwide for oil extraction (Ravindran and Blair, 1992).
Sunflower meal (SFM), the byproduct rendered by the oil
industry, is used as a protein source in animal nutrition.
Sunflower meal has a variable CP content (29 to 45%),
depending on the dehulling and oil extraction process in
inverse relation to its fiber contents [32 to 14% crude fiber
(CF)]. However, its use in poultry feed is limited due to
its high fiber and Lys deficiency in addition to its low
digestion coefficient for Lys (Villamide and San Juan,
1998).

Recent reliance on vegetable proteins in poultry diets
offers some challenges, particularly for younger birds in
terms of their digestibility as a result of higher fiber con-
tent, complex protein structure, and, in some cases, resid-
ual antinutrients that lead to poor nutrient utilization.
Digestive enzyme activities (units/kg of BW) measured
in the pancreas and intestinal contents increases with age
(Nitsan et al., 1991). The development of secretion of
digestive enzymes in the posthatched chick could also be
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a limiting factor in digestion and, subsequently, in food
intake (Krogdahl and Sell, 1989; Noy and Sklan, 1995;
Sklan, 2001), leading to inefficient growth by birds, poor
feed conversion ratios, and poor livability. The insuffi-
cient enzyme activity for early chicks may possibly be
complemented through exogenous enzyme supplementa-
tion to promote digestion and utilization of diets.

The NRC (1994) has lowered the required level of total
dietary Lys for 1- to 21-d-old chicks from 1.20 to 1.10%
of diet. The same AA requirements cannot be applied
to all birds under all dietary, environmental, and body-
compositional conditions, but the ideal ratios among
them remain similar, and, thus, an accurate requirement
for Lys needs to be established (Baker and Han, 1994;
Baker et al., 2002). Sklan and Noy (2003) estimated the
digestible Lys requirements as 0.92 and 0.96% for BW
and feed efficiency at 7 d of age. The estimate, however,
did not differ greatly from the NRC (1994) requirements
for 0 to 21 d of age, which was 1.10% total Lys or 0.97%
digestible Lys (assuming 88% digestible Lys in a corn-
SBM diet). Halvey el al. (2000) reported that early starva-
tion in chicks affects the dynamics of satellite cells’ (myo-
genic precursor cells) proliferation and, ultimately, mus-
cle growth of birds. The bird responses during 7 d post-
hatching remains the same in later stages, even if the
dietary specification changes), possibly due to both
changes in lipogenesis and altering plasma insulin-like
growth factor I concentration (Rosebrough et al., 1996).

Most of the studies on exogenous enzyme supplemen-
tation and AA requirements conducted during the past
decades that addressed the young birds’ response for the
starter phase (0 to 21 d of age) did not consider the first
week posthatching when the yolk sac is present to meet
the birds’ nutritional requirements, and digestive enzyme
activities are insufficient to properly digest the diets hav-
ing complex nutrients. The present study, therefore, was
conducted to investigate the effect of multienzyme sup-
plementation at 2 inclusion levels of SFM and 3 levels of
digestible Lys, with the applicability of the ideal AA ratio
concept for better nutrient utilization that could be re-
flected in live bird’s performance in diets having lower
CP and ME than those recommended by the NRC (1994).

MATERIALS AND METHODS

Birds and Management

All the experimental procedures were approved by the
Ethics Committee of the University of Agriculture, Faisa-
labad, Pakistan. A total of 2,448 one-day-old straight-
run Hubbard broiler chicks were obtained from a local
hatchery and were randomly allotted to 1 of 48 floor pens
(51 birds in each replicate) with rice straw as bedding
material over a concrete floor. A floor space of 0.074 m2

was allotted for 1 bird in a 9.29 × 2.79 m open-sided
house having movable sidewall curtains. Each pen was
equipped with 1 tube feeder and 1 manual drinker. On
11 d of age, the tube feeder was replaced with a round-
bottom feeder. The house temperature was maintained

at 32.2°C during the first week of age and 29.5°C during
the second week of age. Birds were vaccinated for infec-
tious bronchitis at 2 d of age, for Newcastle disease at 4
d, and for infectious bursal disease at 8 d of age. Birds
were revaccinated for Newcastle disease at 11 d of age
and for infectious bursal disease at 14 d of age. A 24-h
continuous light was provided throughout the ex-
periment.

Experimental Diets and Bird Performance

All ingredients used in this study were obtained from
a commercial feed mill (SB Feed Mills, Islamabad, Paki-
stan). The SFM had 32% CP, 20.5% CF, 3.54% ether extract,
1.39% ash, and 1,288 kcal of ME/kg. Two levels of SFM,
20 and 30%, were used with 3 levels of digestible Lys
(0.8, 0.9, and 1.0%) in a factorial design of 2 × 3 in 6
dietary combinations in isonitrogenous and isoenergetic
diets (Table 1). Total and digestible AA were calculated
from analyzed DM and CP contents of each ingredient
using AminoDat 2.0 (Degussa Corp., Allendale, NJ).
However, feed formulation was based on digestible AA.
The ME value of each ingredient was calculated by a
regression equation provided by the NRC (1994). Diets
were formulated by linear formulation method using
WinFeed 2.8 (WinFeed Ltd., Cambridge, UK). The nutri-
ent specifications were lower than the NRC (1994) re-
quirements for broiler starter diets (for 0 to 21 d). The
digestible AA met or exceeded the ideal AA ratio, as
suggested by Baker and Han (1994), in which digestible
Lys was considered as reference AA to calculate other
indispensable AA. Each diet was converted into 2 por-
tions. One portion was mixed with vitamin and mineral
premix, whereas other portion was mixed with vitamin
and mineral premix plus enzyme at 50 mg/kg (Rovabio
Excel AP, Adisseo Asia Pacific Pte Ltd., Singapore) of
finished feed. Cane molasses and oil was added thereaf-
ter. The supplemental enzyme activities reported by the
supplier were 22,000 visco units/g (equivalent to 1,400
units/g) for endo-1,4-β xylanase (EC 3.2.1.8) and 2,000
units/g for endo-1,3(4)-β glucanase (EC 3.2.1.6). One
visco unit of endo-1,4-β xylanase is defined as the amount
of enzyme that hydrolyzes the substrate, reducing the
viscosity of the standard wheat arabioxylan solution to
give a change in relative fluidity of 1 (dimensionless
unit)/min per milligram of enzyme, whereas 1 xylanase
unit is defined as the release of oligomers from chromo-
phore-bound xylan, which are not precipitable by ethanol,
equivalent to an absorbance of 1.23 units at 590 nm. One
glucanase unit of endo-1,3(4)-β glucanase is defined as the
release of oligomers from a chromophore-bound glucan,
which are not precipitable by ethanol, equivalent to an
absorbance of 0.820 units at 590 nm. Endo-1,4-β xylanase
activity was assayed by the method described by Baily
et al. (1992), with 1% oat-split xylan as the substrate for
enzyme activity at 60°C. Each of the experimental diets
(total of 12 dietary combinations) were offered to 4 repli-
cates in mash form, and data were collected until 14 d of
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Table 1. Ingredient composition of the experimental diets (% of inclusion)1

Digestible Lys (%)

20% SFM 30% SFM

Ingredients 0.8 0.9 1.0 0.8 0.9 1.0

Sunflower meal, 32% CP 20 20 20 30 30 30
Corn, grains 58.4 58.2 58.7 53.3 53.5 53.2
Corn gluten meal, 56% CP 4 4 4 4 4 4
Soybean meal, 44.5% CP 9.98 9.57 9.14 3.93 3.48 2.98
Rice, polishings 0.77 0.68 — — — —
L-Lys HCl 0.25 0.39 0.53 0.34 0.48 0.62
DL-Met — 0.04 0.12 — 0.03 0.11
L-Tryptophan — — 0.01 — — 0.01
L-Thr — 0.04 0.12 — 0.07 0.14
Sunflower oil — — — 2.29 2.28 2.32
Cane molasses 3.51 4 4 3 3.12 3.58
CaCO3 (ground) 0.9 0.9 1 0.85 0.85 0.84
NaCl 0.17 0.14 0.13 0.13 0.09 0.04
Sodium bicarbonate — — 0.01 0.06 0.12 0.15
Dicalcium phosphate 1.51 1.51 1.74 1.52 1.52 1.53
Vitamin and mineral premix2 0.50 0.50 0.50 0.50 0.50 0.50
Calculated composition (%)

DM 90.7 90.6 90.6 91.4 91.4 91.4
MEn

3 (kcal/kg) 2,750 2,750 2,763 2,750 2,750 2,750
CP 19 19 19 19 19 19
Crude fiber 5.45 5.43 5.43 7.10 7.08 7.06
Ca 0.9 0.9 1.0 0.9 0.9 0.9
Nonphytate P 0.45 0.45 0.50 0.45 0.45 0.45
Na 0.26 0.26 0.26 0.25 0.26 0.26
K 0.63 0.63 0.63 0.60 0.60 0.60
Cl 0.20 0.21 0.23 0.20 0.20 0.20
DEB4 219 218 210 210 210 210
Total Lys5 0.89 0.97 1.09 0.88 0.98 1.08
Digestible Lys5 0.8 0.9 1.0 0.8 0.9 1.0

1Each diet was converted into 2 parts; 1 part was fed as such, whereas the second part was supplemented
with exogenous enzyme (Rovabio Excel AP; Adisseo Asia Pacific Pte Ltd., Singapore), 50 mg/kg (as 10%) of
finished feed on the expense of the carrier used in the premix.

2The following was supplied per kilogram of finished diet: vitamin A (as vitamin A acetate), 15,000 IU;
vitamin D3 (as cholcalciferol), 3000 IU; vitamin E (as DL-α-tocopheryl acetate), 54 IU; vitamin K3 (as menadione
nicotinamide bisulphite), 3 mg; thiamine (as thiamine mononitrate), 2.94 mg; riboflavin, 8 mg; B6 (as pyridoxine
hydrochloride), 3.92 mg; B12, 20 �g; folic acid, 1.52 mg; Ca-D-pantothenate, 15 mg; niacin (as nicotinic acid), 60
mg; biotin, 200 �g; choline chloride (60%), 600 mg; Se, 0.2 mg; Zn (as ZnSO4�H2O), 110 mg; Cu (as CuSO4�7H2O),
10 mg; Fe (as FeSO4�H2O), 60 mg; Mn (as MnSO4�H2O), 200 mg; I (as KI), 0.92 mg; furazolidon, 60 mg; salinomycin,
60 mg.

3MEn (kcal/kg) was calculated from the multiple regression equations (NRC, 1994) from proximate composition
of each ingredient.

4DEB = dietary electrolyte balance [mEq/kg (Na + K − Cl); Mushtaq et al. (2005)].
5Digestible and total amino acids (AA) were calculated using AminoDat 2 (Degussa Corp., Allendale, NJ),

based on the DM and CP contents of each ingredient. All the essential AA met or exceeded the ideal AA ratio
(Baker and Han, 1994) on a digestible basis, in which digestible Lys was used as reference AA to calculate other
indispensable AA.

age. Feed and water were at will throughout the ex-
periment.

At the end of 7 and 14 d, birds and residual feed were
weighed. Mortality was recorded on a daily basis. Mortal-
ity was calculated as percentage of initial number of
chicks. Birds that were removed or died during the experi-
ment were weighed and used to adjust the feed intake
(FI) and feed:gain.

Statistical Analyses

The experimental design was completely randomized
with factorial structure. All the statistical analyses were
performed by Minitab 13.3 (Minitab Inc., State College,
PA). Pen mean was an experimental unit. Effect of enzyme
addition (with and without), SFM (20 and 30%), and di-

gestible Lys (0.8, 0.9, and 1.0%) were statistically analyzed
as 2 × 2 × 3 factorial design by the GLM method of
ANOVA (Mead et al. 1993). The level of significance was
0.05, unless otherwise stated.

RESULTS

The analyzed nutrient composition of the experimental
diets was in close agreement with the calculated analyses.
The aflatoxin contents of diets ranged from 42 to 63 �g/
kg. The analyzed enzyme activity was 39.07 �mol/min
per milligram for xylanase. The BW gain (BWG) during
1 to 7 and 1 to 14 d of age are presented in Table 2. The
ANOVA summary is shown in Table 3. The BWG during
1 to 14 d of age was not influenced either by enzyme or
level of SFM and increased linearly with digestible Lys
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Table 2. Effect of supplementation of exogenous multienzyme preparation on BW gain (BWG), feed intake (FI),
feed:gain, and mortality of broilers during 1 to 7 d and 1 to 14 d of age fed on various digestible Lys levels in
sunflower meal- (SFM) based diets1

1 to 7 d 1 to 14 d

Digestible BWG FI Feed:gain BWG FI Feed:gain Mortality
Enzyme SFM Lys2 (g) (g) (g:g) (g) (g) (g:g) (%)

No 80 146 1.84 222 462 2.10 0.98
Yes 77 147 1.90 218 455 2.10 0.98
SEM 1.1 2.5 0.03 2.8 6.1 0.03 0.31

20 78 146 1.88 217 454 2.11 0.98
30 79 147 1.86 222 463 2.10 0.98

SEM 1.1 2.5 0.03 2.8 6.1 0.03 0.31
0.8 77 142 1.85 206 463 2.25 0.98
0.9 75 148 1.97 214 455 2.13 1.34
1.0 83 149 1.79 239 459 1.93 0.61

SEM 1.6 3.0 0.04 3.4 7.5 0.04 0.39
No 20 — 144 1.80 225 — 2.05 1.14

30 — 148 1.88 218 — 2.16 0.81
Yes 20 — 148 1.95 210 — 2.16 0.81

30 — 146 1.85 226 — 2.04 1.14
SEM — 3.5 0.05 3.9 — 0.05 0.45
No 0.8 — 147 1.88 — — — 1.71

0.9 — 144 1.88 — — — 0.49
1.0 — 147 1.76 — — — 0.74

Yes 0.8 — 138 1.83 — — — 0.25
0.9 — 152 2.06 — — — 2.19
1.0 — 150 1.82 — — — 0.49

SEM — 4.3 0.06 — — — 0.55
20 0.8 — 140 1.90 — — — —

0.9 — 153 2.03 — — — —
1.0 — 145 1.71 — — — —

30 0.8 — 144 1.81 — — — —
0.9 — 144 1.91 — — — —
1.0 — 153 1.87 — — — —

SEM — 4.3 0.06 — — — —
No 20 0.8 — 151 2.03 — — — —

0.9 — 140 1.74 — — — —
1.0 — 141 1.64 — — — —

30 0.8 — 143 1.73 — — — —
0.9 — 148 2.03 — — — —
1.0 — 153 1.88 — — — —

Yes 20 0.8 — 130 1.77 — — — —
0.9 — 166 2.32 — — — —
1.0 — 147 1.77 — — — —

30 0.8 — 145 1.89 — — — —
0.9 — 139 1.81 — — — —
1.0 — 153 1.86 — — — —

SEM — 6.07 0.08 — — — —

1Means of 4 replicate having 51 birds at placement per enzyme × sunflower meal × digestible Lys combination.
2The digestible Lys follows ideal AA ratio (Baker and Han, 1994).

contents of the diets. No significant effect of enzyme was
observed at any age for BWG. The BWG for 0.8 and 0.9
% of digestible Lys were comparable during 1 to 7 d
of age, whereas difference between these 2 levels was
remarkable during 1 to 14 d of age. No significant differ-
ence of any other interaction was observed on BWG. Feed
intake tended to decrease with the enzyme addition. The
FI was not statistically significant either by digestible Lys
or SFM at any stage. The digestible Lys requirement dur-
ing the first week was lower compared with second week.

Feed:gain was not affected either by enzyme or SFM.
However, feed:gain improved linearly with digestible
Lys. A significant effect of enzyme × SFM was observed
on feed:gain. Enzyme supplementation at 20% SFM de-
pressed the feed:gain. Feed:gain was not consistent for
digestible Lys at the 2 ages. Chicks fed either 0.8 or 0.9%
digestible Lys during 7 d posthatching had comparable

feed:gain, whereas it was improved linearly with increas-
ing digestible Lys during 1 to 14 d of age. A significant
effect of enzyme × digestible Lys was observed on mortal-
ity. Birds fed on 0.9% digestible Lys with enzyme had
significantly higher mortality as compared with or with-
out enzyme (1.10 vs. 0.25%) at similar doses of digestible
Lys. No effect of SFM or any other interactions was ob-
served significant for mortality during 2 wk posthatching.

DISCUSSION

Addition of 20 and 30% of SFM in the experimental
diets resulted in increases in dietary CF (Table 1). The
results of the present study showed nonsignificant effects
of adding 20 or 30% SFM on BWG, FI, feed:gain, or mortal-
ity. Enzyme addition failed to show any significant effect
on overall performance of the bird. The depression with
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Table 3. Analysis of variance summary of the effect of supplementation of exogenous enzyme, sunflower meal
(SFM), and digestible Lys on chick performance during 1 to 7 and 1 to 14 d of age1

1 to 7 d 1 to 14 d

BWG FI Feed:gain BWG FI Feed:gain Mortality
Items df (g) (g) (g:g) g) (g) (g:g) (%)

Enzyme 1 0.159 0.858 0.225 0.357 0.414 0.947 0.994
SFM 1 0.566 0.781 0.781 0.249 0.264 0.917 0.994
Digestible Lys 2 0.001 0.253 0.011 <0.001 0.751 <0.001 0.419
Enzyme × SFM 1 0.256 0.405 0.075 0.006 0.926 0.027 0.459
Enzyme × digestible Lys 2 0.840 0.124 0.154 0.657 0.802 0.485 0.021
SFM × digestible Lys 2 0.093 0.129 0.046 0.525 0.711 0.298 0.733
Enzyme × SFM × digestible Lys 2 0.080 0.006 <0.001 0.125 0.349 0.061 0.794
Error 36
Total 47

1BWG = BW gain; FI = feed intake.

enzyme addition was particular at 20% of SFM in the diet
(Table 2). The results of the present study are in line with
those of Leeson et al. (1987), who replaced SFM to 100%
of SBM and reported no adverse effect on performance
and energy utilization when Lys was added as the lim-
iting AA. Villamide and San Juan (1998) suggested that
depression caused by the high inclusion of dietary SFM
is due to the difference in digestibility values for AA,
which can be fixed if diet is formulated from true digest-
ible AA. The results of the present study disagree with
the findings of Swain et al. (1996), who reported an im-
provement in performance in high-CF sunflower cake
with a multienzyme addition. The difference may be due
to the different enzyme combination used in their study.
Kocher et al. (2000) reported an improvement in the nutri-
ent digestibility due to enzyme addition at high inclusion
of SFM. They, however, did not observe any improvement
in the live performance of the birds. Attia et al. (2003)
showed no effect of commercial enzyme preparation Op-
tizyme (Optivite, Retford, Nottinghamshire, UK) in de-
hulled SFM and reported no effect of SFM at 5, 10, or
15% on mortality. Cowan et al. (1999) reported an im-
provement in performance due to pectinase addition in
SFM-based diets in female broilers. They reported a sig-
nificant effect of pectinase at low- or medium-Lys diets
and no difference in high-Lys diets. However, in the pres-
ent study, no significant effect of enzyme addition was
observed, even at very low digestible Lys (i.e., 0.80%)
diets.

A linear (P ≤ 0.001) effect of digestible Lys was observed
for feed:gain during 1 to 14 d of age. The results showed
that 0.8 or 0.9% digestible Lys was below the birds’ re-
quirements, and extra benefit can be taken by increasing
the digestible Lys of the diet. The results are in close
agreement with those reported by Knowles and Southern
(1998), who estimated 1.0 and 1.1% digestible Lys for
maximum daily BWG and feed:gain, respectively. The
NRC (1994) lists a requirement of 1.1% Lys for broilers
during 0 to 21 d of age (0.97% digestible Lys, assuming
88% digestibility in a corn-soy diet). The digestible Lys
requirements were different at 2 different ages for average
daily gain in the present investigation (data not shown).
During first week posthatching, a level of 0.8% digestible

Lys was sufficient for BWG, whereas it was 1.0% for 1 to
14 d. The low digestible Lys requirement during first
week posthatching may be due to the presence of endoge-
nous yolk, which contributes a greater part of the nutri-
ents during the first week posthatching (Noy and Sklan,
1999). As the bird’s age increases, the yolk no longer
contributes Lys, and digestible Lys requirement increases.
Moreover, the endogenous proteolytic secretions during
the first week posthatching are not great enough to fully
utilize the high-digestible Lys (Krogdahl and Sell, 1989).
The addition of an enzyme cocktail failed to show any
significant effect during the first week that was otherwise
expected. A greater dose or a different enzyme combina-
tion may be tried to boost up the response to high-digest-
ible Lys for optimum performance in young birds. How-
ever, for feed:gain a level of 1.0% digestible Lys was
observed best at both stages. Han and Baker (1991) re-
ported that the digestible Lys requirement of 0- to 3-wk-
old chicks was 1.01% for maximum BWG and FI and
1.21% for maximum feed efficiency. Also, total Lys re-
quirements of 1.15% (1.02% digestible Lys) and 1.26%
(1.12% digestible Lys) have been reported for BWG and
feed efficiency, respectively (Baker and Han, 1994).

The present study demonstrated a linear effect of di-
gestible Lys for both BWG and feed:gain. Similarly, Baker
et al. (2002) observed a digestible Lys requirement of
0.97 and 1.02% for maximum BWG and feed efficiency,
respectively. The study, however, was conducted on puri-
fied diets and cannot be applied as it is on practical com-
mercial diets due to greater variation in the digestibility
values of different feed ingredients and some positive or
negative associative effects. Moreover, they used a graded
supplementation technique for estimation of digestible
Lys requirements. The limitation of the technique is that
at high levels of AA in question, second-limiting AA
becomes first-limiting AA, whereas in the present study,
all of the AA were increased with the increasing level of
digestible Lys. The reason for high-digestible Lys require-
ments in the present study may also be due to low CP
and ME contents of the diets, and it seems that increasing
digestible Lys may be beneficial in low-nutrient density
diets.
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In conclusion, SFM up to 30% of the diet has no adverse
effect on the performance and livability of broiler chicks
during 2 wk posthatching. A xylanase and glucanase com-
bination failed to show any remarkable improvement in
the performance of young chicks. The digestible Lys of
the diet should not be less than 1.0% for young broilers.
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