Original article

Effect of age and exogenous amylase
and protease on development of the digestive tract,
pancreatic enzyme activities and digestibility
of nutrients in young meat-type chicks
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Summary&horbar; Day-old male meat-type chicks were fed a commercial starter diet supplemented with 2
levels of enzyme preparations containing amylase and proteases up to 14 d of age. Enzyme supplementation had no significant effect on feed intake or growth rate, and was accompagnied by a significant decrease in gizzard content and small intestine weight. The intestine contents increased and
this increase was accompanied by a significant decrease in its pH. Enzyme supplementation depressed
the activity of chymotrypsin in the pancreas and the’activity of amylase, trypsin and chymotrypsin in the
intestinal contents. Some carry-over effects were observed on d 42, 4 weeks after the cessation of the
enzyme supplements. These were mainly a significant depression in the activity of trypsin in the intestinal contents. In a balance study, diets supplemented with 0, 250 and 1 000 pg/kg enzyme preparations
were supplied. Exogenous enzyme supplements had no significant effect on the digestibility of all the
nutrients studied except for the highest level of enzyme supplementation, which improved slightly but
consistently the digestibility of amino acids. Some age effects were observed, mainly a decrease in the
digestibility of fat and starch, and in the ME of the diet from weeks 1 to 2 followed by an increase during week 3. Protein digestibility and retention of nitrogen decreased with age.
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Résumé &horbar; Effet de l’âge, de l’amylase et des protéases sur la digestion, l’activité enzymatique
du pancréas et la digestibilité de l’aliment chez des poulets de chair. Des poulets de chair ont été
nourris d’un aliment supplémenté avec 2 niveaux d’un concentré enzymatique contenant de l’amylase et des protéases jusqu à I âge de 14 j. L addition d’enzymes n a eu aucun effet significatif sur la prise
alimentaire ou le taux de croissance. L’addition d’enzymes a cependant causé une réduction significative
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du contenu du gésier et du poids de l’intestin grêle, le poids du chyme intestinal a augmenté et son pH
été réduit. L’apport d’enzymes a réduit l’activité de l’amylase au niveau du pancréas et celle de
l’amylase, de la trypsine et de la chymotrypsine au niveau du chyme intestinal. Un effet résiduel
observé était la réduction de la trypsine dans le chyme intestinal à l’âge de 42 j, 4 sem après la cessation d’apport d’enzymes. Dans une étude subséquente, l’effet de l’addition de 0, 250 ou 1000 gglkg
de préparation enzymatique sur la digestibilité de l’aliment à l’âge de 1, 2 et 3 sem a été étudié. L’addition d’amylase et de protéases n’a eu aucun effet sur la digestibilité des lipides totaux, de l’amidon,
des protéines, de l’énergie métabolisable (ME), ou de l’énergie métabolisable apparente corrigée pour
la rétention azotée (AMEn). La digestibilité des acides aminés a été légèrement améliorée par l’addition de 000 )ig/kg de préparation enzymatique. Les effets de l’âge observés étaient une réduction de
la digestibilité des lipides totaux, de t’amidon et de I ME durant la deuxième semaine et une amélioration
de la digestibilité des lipides totaux durant la troisième semaine. La digestibilité des protéines ainsi que
la rétention azotée ont été réduites avec I âge.
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INTRODUCTION
Gastrointestinal tract (GIT) development
during the post-hatching growth period has
been widely investigated in birds (Dror et
al, 1977; Lilja, 1983; Katanbaf et al, 1988;
Nitsan et al, 1991 a, b; Sell et al, 1991; Nir
et al, 1993). All of these studies emphasize
the major role of the GIT in inducing growth
during the early post-hatching period. During this period, the GIT segments increase
in size much more rapidly than the rest of
the body. Limited synthesis of digestive
enzymes in the pancreas during the first
days after hatching and their increase to
maximum values around d 10 when relative growth is maximal, indicate a possible
relationship between these 2 traits (Nitsan
et al, 1991a,b). The GIT has been implicated as a limiting factor in food intake, and
subsequently growth, more so in meat-type
chicks than in egg-type Leghorn chickens
(Nir et al, 1978). It was difficult to overfeed

post-hatching meat-type chicks using an
intubation technique, in contrast to Leghorn
chicks where overfeeding was accompanied by increased lean-body growth and fat
deposition. The above was confirmed when
stocks selected for high body weight were
compared with those selected for low body
weight (Barbato et al, 1984). In another
study, Nir et al (1993) found that although

acides aminés

the allometric growth of the small intestine
and intestinal contents and liver was greater
in meat-type than egg-type chickens, the
allometric growth of the pancreas was
higher in egg-type birds. The intestinal contents of meat-type chicks exhibited lower
activities of amylase, lipase, trypsin and
chymotrypsin. These results did not agree
with those of Nitsan et al (1991 b) who
assayed Plymouth Rocks selected over 30
generations for high (HW) or low (LW) body
weight (Dunnington and Siegel, 1985). In
this case HW chicks had higher enzymatic
activities in their intestinal contents than
LW ones.
The potential of industrial enzyme products as animal feed additives has recently

been reviewed by Campbell and Bedford
(1992). Early studies showed a beneficial
effect of using crude amylase and protease

preparations (Jensen et al, 1957; Fry et at,
1958; Burnett, 1966) which were later
attributed to the p-giucanase activity found
in these preparations (Rickes etal, 1962).
Assuming that post-hatching meat-type
chicks have limited synthesis and secretion
of digestive enzymes, in the present work
a preparation containing amylase and proteases of bacterial origin was supplemented
to a starter diet and fed to meat-type chicks
to the age of 14 d. Their effect on performance,

development of

the GIT

including

the

digestive enzyme activities,

and nutri-

ent retention was studied. In order to verify
any carry-over effects, the enzymes were
removed from the diet at the age of 14 d
and the same variables were determined at
the age of 42 d.

MATERIALS AND METHODS

Experiment

1. Performance and GIT

Enzyme preparations
Enzyme preparations were produced by Bacillus
subtilis and Penicillium emersonii. Activities of
the supplemented enzymes were determined as
follows. Amylase was determined as in the digestive tract (Nitsan et al, 1974) and was expressed
as glucose produced per min from starch per milligram of enzyme preparation. The values were
0.38 and 0.96 mg in El and EII, respectively. The
total activity of the proteases was measured by
recording tyrosine produced from casein according to Colowick and Kaplan (1955). The values
were 38 and 48 weq/mg for enzyme preparations
El and Ell, respectively.

Diets and chickens

Treatments

Day-old male meat-type chicks were placed in
heated battery cages (3 per cage) under continuous artificial lighting. Each cage was equipped
with a feeder and nipple drinker to provide free
to food and water. The chicks were fed a
commercial starter diet (crumbles) containing
21% protein and 13.0 MJ/kg nitrogen-corrected
apparent metabolizable energy (AMEN) composed essentially of sorghum and soybean meal
access

(table I).

Five treatments were studied: 1) diet not supplemented with enzymes; 2) supplementation with
250 wg/kg enzyme preparation I (EI250); 3) supplementation with 1 000 wg/kg enzyme preparation I (EI1000); 4) supplementation with 250 wg/kg
enzyme preparation II (EI1250); and 5) supplementation with 1 000 pg/kg enzyme preparation
II (EII1000). There were 9 replicates per treatment for week 1 (45 cages x 3 chicks per cage for

total of 135 chicks). At the beginning of week 2
8
the chicks were transferred to individual cages, 18
chicks per treatment, and from the beginning of
week 3 all chicks were fed the unsupplemented
diet.
a

Autopsy and digestive enzyme activities
in the pancreas and intestine contents
On d 7 and 14, 8 chicks per treatment

were

weighed and necropsied. The chicks were killed
sequentially, one chick from each treatment
group. Each necropsy lasted approximately 6 min.
Digestive organs and liver were weighed full and
empty and the contents were calculated by difference, pH was determined in the gizzard and
intestinal contents using a glass electrode. The
pancreas and small intestinal contents were
immediately frozen in liquid nitrogen and stored at
- 20°C. Amylase, trypsin and chymotrypsin activities were measured in the pancreas and intestinal chyme essentially as described previously
(Nitsan et al, 1974). On d 42 the above determinations were carried out on chicks supplied up
to the age of 14 d with or without EI11000. Enzyme
activities were expressed in units, one unit being
3 absorbency units for
defined as a change of 106 absorbency
trypsin and chymotrypsin and 10units for amylase, under the conditions specified
for each assay system.

Experiment 2.

Balance

experiment

tion with petroleum ether (60-80°C bp) after cooling. Starch content was determined by an enzymatic method using amyloglucosidase from Rhizopus mold (Sigma A7255) and glucose content
by the glucose oxidase procedure (Sigma diagnostic kits and reagents, catalog number 510DA). Using soluble starch, almost theoretical
yields of glucose were obtained by this procedure. Uric acid in the excreta was determined
according to Marquardt (1983). Amino-acid contents of feed and excreta were determined by
ion-exchange chromatography using an autoanalyzer (Amino Acid Analyzer LC 5000, Biotronik),
after 24 h acid hydrolysis with 6 M aqueous HCI
at 115°C. Methionine and cystine were determined on samples oxidized with performic acid
(Moore, 1963). Energy was determined with an
adiabatic bomb calorimeter (Parr Instrument Co,
Moline, IL, model Parr 1261).).

Calculations
Digestibility of fat or starch (%)= [(ingested
excreted) / ingested]100

-

Digestibility of protein (%)= {[ingested N
(excreted N - uric acid N x 1.2)] / ingested N) - 100

-

The coefficient 1.2 was chosen
bier and Leclercq (1992).

Metabolizability

Agricultural Chemists (1984).
Total lipid was determined gravimetrically after
acid hydrolysis (6 N HCI, 1 h, 100°C) and extrac-

(%)= [(gross energy intake
excreta) / gross energy intake]!

ME

- gross energy in

This experiment was carried parallel to Experiment 1, the chicks, feed and enzymes were similar. Balance was carried out using diets supplemented with 3 levels of EII: 0, 250 and
1 000 f
l9/kg. During week 1, balance was carried out in metabolic cages with 3 chicks per cage,
during week 2, with 2 chicks per cage and during
week 3, with 1 chick per cage. There were 4 replicates per treatment. Excreta were collected daily
4
at 08.00 h from days 3 to 7 (week 1 ), 10 to 14
(week 2) and 17 to 21 (week 3), and freeze-dried.
Feed intake was determined by weighing the
feeders at the begining and end of each period
which lasted exactly 96 h. Dry matter, crude protein (N x 6.25) and ash contents were analyzed
using methods described by the Association of

according to Lar-

100

AME was calculated according to Hill and Andern
son (1958).
Statistical analysis
Data were analyzed by the General Linear Model
procedure of the Statistical Analysis System (SAS
Institute, 1985). Duncan’s multiple range test was
used to compare

means

between treatments.

RESULTS

Official

No differences were obtained between the
effects of El and EII on performance, pan-

creatic enzyme activites and digestibility of
nutrients, and no interactions were observed
between the source of enzyme and its level.
We thus present pooled data for effects of
enzyme supplementation levels.
At the age of 42 d, 4 weeks after
enzymes were removed from the feed, the
only carry-over effects observed was a
lower trypsin activity in the intestinal contents of the group supplied with the enzyme
preparation (control 7.5 units/g vs 3.2 in
the treated chicks, P < 0.02). Therefore
the data obtained at day 42 are not presented.

Performance

Although enzyme supplementation had no
significant effect on growth rate or feed
intake during the period of the supplementation (d 1-14, table II), it caused a depression in feed utilization from 1 to 7 d. This

was significant at the supplement level of 250 pg but not at the 1 000 pg
level. No effect was observed later than 7 d.

depression

Relative weight of the duodenum
and small intestine, the contents
of the gizzard, duodenum
and small intestine, and the pH
of gizzard and intestine contents

Enzyme supplementation was accompanied by a significant decrease in duodeum
and small intestine (jejunum and ileum)
weights at 7 and 14 d of age (table III).
Removal of the enzyme from the diet at the
age of 15 d canceled the weight differences
of the small intestine between treatment
groups, determined at 42 d of age. Enzyme
supplementation had no effect on the weight
of all the other organs examined (liver, pancreas, crop, proventriculus, gizzard, not presented in table III).

had no effect
the amount of crop and proventriculus
contents (not presented). Supplementation
with 1 000 !g/kg enzyme preparation
caused a significant decrease in gizzard
content and an increase in duodenum and
intestinal content (table III), as compared to
non-supplemented chicks on d 14, while the
250 pg/kg supplemented group was intermediate. Only the increase in intestinal contents was significant on d 7. On d 14, a significant decrease in the pH of the intestinal
contents was found. Removal of the enzyme
preparation abolished these differences by
d 42.

Enzyme supplementation

on

Activity of digestive enzymes in pancreas
and intestine contents

Enzyme supplementation at 250 pg/kg had
on enzyme activities in the pand 7 and 14. However, diets supplemented with 1 000 pg/kg significantly
depressed the activity of chymotrypsin in
the pancreas at both 7 and 14 d (table IV).
In the intestinal contents, the 250 pg/kg supplemented diet reduced all the enzyme activities on d 14, whereas 1 000 pg/kg reduced
the enzyme activities at both 7 and 14 d
(except for trypsin on d 14). After removal of
no

effect

creas on

the enzyme preparation on d 15, some
carry-over effects were observed on d 42,
mainly a significant depression in the activity of trypsin in the intestine contents and a
reduction in amylase activity in the pancreas
(P< 0.02 and P< 0.08 respectively).

Digestibility of fat, starch, protein and
amino acids, metabolizability (ME), AME
n
and retention of nitrogen in the diet
Exogenous enzyme supplements did not
significantly affect the digestibility of fat,
starch, protein, the metabolizability or AMEN
of the diet (table V). However, some age

effects were obtained, mainly a decrease
in the digestibility of fat on week 2 followed
by an increase on week 3. The digestibility
of starch decreased slightly but highly significantly with age (P< 0.001 The metabolizability of the diet was reduced from
weeks 1 to 2 (P < 0.07), followed by an
increase during week 3 (not significant).
When corrected for uric acid, protein
digestibility decreased with age (P< 0.001 ).
When calculated according to the mean
digestibility of amino acids, the age reduction
was slight and non-significant.
Whereas the enzyme supplements had
significant effect on the retention of nitrogen (table V), it was markedly reduced with
no

age. Nitrogen retention was much lower during week 3 than during week 1; during week
2 the values were intermediate.

Digestibility of amino acids
higher level of enzyme supplements
improved the digestibility of amino acids
slightly but consistently (fig 1When analyzed by a paired t test, the difference

The

between the control group and the group

supplemented with 1 000 pg/kg was significant (P< 0.05). The slightly higher digestibility of amino acids observed at the age of 1
week as compared to 2 and 3 weeks agrees
with the results obtained for protein
digestibility (table V).
DISCUSSION

Age effects
Development of the GIT in the present experiment

was

consistent with that described inn

earlier studies, ie a decrease in the relative

weight of digestive organs from a peak
observed at 7-10 d and a gradual increase
in the activity of pancreatic enzymes (Nitsan ef al, 1991 a; Nir et al, 1993). The reduction of fat digestibility and metabolizability
of the diet during week 2 and its subsequent
increase is in accord with the reports of
Zelenka (1968, 1973) and Murakami et al
(1988, 1992). The lower digestibility of fat
during week 2 has been attributed to a faster
rate of passage of the diet as the chicks grow
from 1 to 3 weeks of age (Golian and Polin,
1984). Although metabolizability was related
to fat digestibility, ME, corrected for nitrogen, reduces the differences within ages (Hill
and Anderson, 1958). The nitrogen-correction factor in the AMEN determination veiled
the observed age differences in ME.
The apparent digestibility of starch was
higher during week 1 than during weeks 2
and 3, whereas the activity of amylase in
the pancreas or in the intestinal chyme
increased with age. The higher digestibility
of starch during week 1 also contrasted with
the activity of maltase in the jejunum, which
was lower during week 1 than during weeks

2 and 3

(authors’ unpublished results).
digestibility seems to be a dubious
measurement because the disappearance
of starch from the excreta may be partly the
Starch

outcome of bacterial fermentation.

The reduction in digestibility of protein with
age is in accordance with Zuprizal etal(1992)
who reported a 4% decrease in protein
digestibility between 3- and 6-week-old meattype males when whole or dehulled rapeseed meal, or soybean meal were assayed.
Fonolla et al (1981) also reported a decrease
in protein digestibility as meat-type chicks
grew older. Carre et al (1991) found that the

digestibility of pea proteins was significantly
higher in young than adult birds. Zelenka and
Liska (1986) also reported that age has a
considerable effect on the digestibility of individual amino acids, whereby the latter
decrease with age. The reduction in protein
digestibility with age observed in the present
study and in that of Zuprizal et al (1992) was
much higher than that observed for amino
acids. The reason for this discrepancy
remains to be determined.
In the present study, negative correlations between feed intake and digestibility
of nutrients (protein excepted) during the

first week of life (fig 2) emphasize the meattype chick’s drive to consume larger
amounts of food than their GIT can handle.
During this period the GIT is at a stage of

genetic limitations in digestive potential during the first few days after hatching, due to
insufficient secretion of digestive enzymes
(Nitsan et al, 1991 a,b; Nir et al, 1993) which

rapid development (Nitsan et al, 1991 a,b;

cannot match their drive to consume excessive amounts of feed. However the present
study and earlier ones (Jensen et al, 1957;

Nir et al, 1993). During the second week
the correlations became positive, probably
because the relative weight of the GIT segments and the activity of the digestive
enzymes peaked faster in gluttonous
chicks. During the third week the GIT
reached a steady state, and did not limit
the digestibility and absorption of nutrients.
Thus there were no correlations between
food intake and digestibility of nutrients
(except for starch).

Supplemented enzyme effects
Meat-type chicks, selected over many genrapid early growth, may reach

erations for

Fry et al, 1958; Willingham et al, 1959; Burnett, 1966), in which exogenous enzymes
were added to the diets, do not support this
Supplementation with amylases and
proteases did not improve performance or

view.

digestibility.
Differences in in vitro activities of the supdid not correspond to
the differences observed in vivo. Although
the in vitro activities of amylase and proteases in the EII pieparation were 2.5 and
1.25 times higher, respectively, than those in
the El preparation, the in vivo effects of the
2 preparations (tables III and IV) were quite
similar. Supplementation of the enzyme

plemented enzymes

preparations did not affect digestibility, feed
intake, growth rate or feed utilization in accordance with a subsequent study in which the
added to the diet of
stunting-syndrome-infected meat-type chickens (Shapiro et al, unpublished results). Lack
of effect on performance cannot be attributed
to inactivation of the enzymes in the digestive
tract, because some significant effects of
enzyme supplementation were observed in
the GIT. Feed passage through the stomach was probably accelerated, as measured
by a reduction in the contents of the gizzard
and by an increase in the contents of the
small intestine, whereas the weight of the
small intestine was decreased. This could
also result from a modification in the feeding
pattern, an aspect which was not studied in
the present work. The pH of the intestine
contents was reduced by enzyme supplementation and the production and/or secretion of pancreatic amylase and proteases
(trypsin and chymotrypsin) was also reduced.
We propose that the secretion of pancreatic
enzymes is affected by the concentration of
enzymes in the small intestine and/or of substrates or products of hydrolysis (TwomblySnook and Meyer, 1964a,b). In the present
work, the reduction of pancreatic enzymes
was most probably due to the presence of
exogenous enzymes in the intestine. Supplementation of diets with enzymes should
be performed with care, especially when the
activity of the supplemented enzymes resembles that of the endogenous pancreatic ones.
same

enzymes

were

ACKNOWLEDGMENT

Funding was provided by the Binational AgriculDevelopment Project, US

tural Research and
168589.

of Official
USA

Agricultural Chemists, Washington, DC,

Barbato GF, Siegel PB, Cherry JA, Nir I (1984) Selection
of body weight at eight weeks of age. 17. Overfeeding. Poult Sci63, 11-188
Burnett GS

(1966) The effect of damaged starch, amylolytic enzymes, and proteolytic enzymes on the utilization of cereals by chickens. Br Poult Sci 3, 89103

Campbell GL, Bedford MR (1992) Enzyme applications
for monogastric feeds: a review. Can J Anim Sci72,
449-466

Carre B, Beaufils E, Melcion JP (1991) Evaluation of
protein and starch digestibilities and energy value
of pelleted or unpelleted pea seeds from winter or
spring cultivars in adult and young chickens. JAgric
Food Chem 39, 468-472
Colowick SP, Kaplan NO (1955) Methods in Enzymology.
Vol II, Academic Press, New York, USA, 33-35
Dror Y, Nir I, Nitsan Z (1977) The relative growth of internal organs in light and heavy breeds. Br Poult Sci

18, 493-496

Dunnington EA, Siegel PB (1985) Long-term selection for
8-week body weight in chickens: direct and correlated responses. Theor Appl Genet 7 305-313
3
Fonolla J, Prirto C, Sanz R (1981) Influence of age on the
nutrient utilization of diets for broilers. Anim Feed
Sci Tech 6, 405-4111

Fry RE, Alred JB, Jensen LS, McGinnis JP (1958) Influence of enzyme supplementation and water treatment on the nutritional value of different grains for
poults. Poult Sci 37, 372-375
Golian A, Polin D (1984) Passage rate of feed in very
9
young chicks. Poult Sci 63, 1013-1019
Hill JW, Anderson DJ (1958) Comparison on metabolisable energy and productive energy determinations
with growing chicks. J Nutr64, 587-604
Jensen LS, Fry RE, Alred JB, McGinnis J (1957) Improvement in the nutritional value of barley for chicks by
enzyme supplementation. Poult Sci 36, 919-921
Katanbaf MN, Siegel PB, Dunnington EA (1988) Organ
growth of selected lines of chickens and their F1
crosses to a common body weight and age. Theor
Appl Genet76, 540-544
Larbier M, Leclercq B (1992) Nutrition et alimentation
4
des volailles. INRA, Paris, France, 114

Lilja C (1983) A comparative study of postnatal growth
and organ development in some species of birds.
Growth 47, 317-329

REFERENCES
Association of Official Agricultural Chemists (1984) Official Methods of Analysis (l4th edition). Association

Marquardt

RR

(1983)

A

simple spectrophotometric

method for the direct determination of uric acid in
avian excreta. Poult Sci 62, 2106-2108
Moore S (1963) On the determination of cystine
tine acid. J Biol Chem 238, 235-237

as

cys-

Murakami H, Akiba Y, Horiguchi M (1988) Energy and
protein utilization in newly hatched broiler
chicks-studies on the early nutrition of poultry. Jpn
J Zootech Sci 59, 890-895
Murakami H, Akiba Y, Horigucw M (1992j Growth and
utilization of nutrients in newly hatched chicks with or
without removal of residual yolk. Growth Dev Aging

56, 75-84
Nir I, Nitsan Z, Dror Y, Shapira

Influence of
overtfeeding on growth, obesity and intestinal tract in
young chicks of light and heavy breeds. Br J Nutr
N

(1978)

39, 27-35

SAS Institute

U Guide for Personal
(1985) SAS/STA1
Computers. Version 6, SAS Institute Inc, Cary, NC,

USA

Sell JL, Angel GR, Piquer FJ, Mallarino EG, Al-Batshab
HA (1991) Developmental patterns of selected characteristics of the gastrointestinal tract of young
turkeys. Poult Sci70, 1200-1205

Twombly-SnookJ, Meyer JH (1964a) Response of diges4
tive enzymes to dietary protein. J Nutr82, 409-414
Twombly-Snook J, Meyer JH (1964b) Effect of diet and
digestive processes on proteolytic enzymes. J Nutr
83, 94-102

Nir I, Nitsan Z, Mahagna M (1993) Comparative growth
and development of the digestive organs and of
some enzymes in broiler and egg type chicks after
hatching. Br Poult Sci 34, 523-532

Willingham HE, Jensen LS, McGinnis J (1959) Studies
on the role of enzyme supplements and water treatment for improving the nutritional value of barley.

Shapira N (1974) The effects of
force-feeding on liver, kidney, pancreas and diges-

Zelenka J (1968) Influence of the age of chicken on the
metabolisable energy values of poultry diets. Br Poult

Nitsan Z, Dror Y, Nir I,

tive tract enzymes. Br J Nutr 32, 241-247
Nitsan Z, Ben-Avraham G, Zoref Z, Nir I (1991a) Growth
and development of the digestive organs and some
enzymes in broiler chicks after hatching. Br Poult

Sci 32, 515-523
Nitsan Z, Dunnington EA, Siegel PB (1991b) Organ
growth and digestive enzyme levels to 15 days of
age in lines of chickens differing in body weight.
Poult Sci 70, 2040-2048
Rickes EL, Ham EA, Moscatelli EA, Ott WH (1962) The
isolation and biological properties of beta-glucanase
from B subtilis. Arch Biochem Biophys 69, 371-375

Poult Sci 38, 539-544

Sci 9, 135-142
Zelenka J

(1973) Apparent digestibility of feed nutrients
during the first days of chicken life. Acta UnivAgric
21, 119-124

Zelenka J, Liska 1 (1986) Effect of sex and age on the
amino acids digestibility in a feed mixture. In: Proc 7th
Eur Poult Conf, August 24-28 (M Larbier, ed), Vol
1, World’s Poultry Science Association, Paris, France,
298-302
Larbier M, Chagneau AM (1992) Effect of age
and sex on true digestibility of amino acids of rapeseed and soybean meals in growing broilers. Poult

Zuprizal,

Sci7, 1486-1492

