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ABSTRACT Two experiments were conducted to
determine the effects of micronization (infrared heat
treatment), dehulling, or enzyme supplementation on
the nutritive value of three cultivars (Impala, Radley,
and Sirius) of peas in laying hens. In Experiment 1, 280
White Leghorn hens were fed diets containing
micronized and dehulled peas for a period of 12 wk. The
dietary inclusion of peas was 600 g/kg (correction was
made for the amounts of hulls in those diets that
contained dehulled peas). Egg production (P ≤ 0.05),
feed conversion (P ≥ 0.05), and egg mass output (P ≤
0.05) were lower for birds fed untreated peas. Daily feed
intake, egg weight, and albumen quality were not
affected. Egg production, feed conversion, and egg mass
output were similar for layers fed diets containing
micronized peas and those fed the wheat-soybean

control diet. Except for daily feed intake, which was
reduced (P ≤ 0.05), dehulling did not affect (P ≥ 0.05) the
feeding value of peas. The efficacy of dietary inclusion
of a crude enzyme (pectinase) was evaluated in another
experiment (8 wk). Pectinase was included in the
experimental diets at 0, 50, and 100 U/kg and fed to 252
layers. The inclusion level of peas in these diets was 650
g/kg. There was no effect (P ≥ 0.05) of enzyme
supplementation on all production traits. Egg produc-
tion, feed conversion, and egg mass output were 81.9,
83.6, and 83.0%; 1.61, 1.59, and 1.59 and 50.0, 51.2, and
50.3 at 0, 50, and 100 U/kg levels, respectively. It can be
concluded that of the treatments tested only microniza-
tion had a positive effect on the feeding value of peas for
laying hens.
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INTRODUCTION

The use of peas (Pisum sativum L.) in commercial
laying hen diets is very limited. Substitution of high
amounts of wheat or barley and soybean meal with peas
has been associated with decreased egg production and
feed utilization (Davidson et al., 1981; Igbasan and
Guenter, 1996a). The predominant causal factors are
considered to be protease inhibitors (Griffiths, 1984),
tannins (Lindgren, 1975; Griffiths, 1981), lectins (Bender,
1983), and possibly nonstarch polysaccharides (Longstaff
and McNab, 1987; Saini, 1989).

In comparison to most cereal grains, pea seeds are
considerably high in starch. As a nutrient, starch is the
greatest single dietary source of energy. However, pea
starch is less susceptible to enzyme hydrolysis than
starch in any of the cereal grains (Longstaff and McNab,
1987) because of strong intermolecular bonds (Colona
and Mercier, 1979). Processing procedures that eliminate
or inactivate antinutritive substances from peas and alter
starch structure to improve accessibility of starch

granules to enzyme hydrolysis offer promise of improv-
ing the nutritive value of peas for laying hens.

Micronization, a name given to a dry-heat process
using infrared electromagnetic short waves produced by
burning industrial propane over ceramic tile or
nichrome wire elements to heat grains, was described
first by Mercier (1971) and later by Lawrence (1973) and
McNab and Wilson (1974). Lawrence (1973) and Douglas
et al. (1991) reported that micronization improved the
nutritive value of cereal grains for growing pigs and
chickens. The same improvement has been reported for
full fat soybeans (Hutton and Foxcroft, 1975) and faba
beans (Vicia faba) (McNab and Wilson, 1974).

Peas contain substantial amounts of pectic polysac-
charides (Brillouet and Carre, 1983), which may have
antinutritive effects for laying hens. According to
Cleophas et al. (1995), pectins are able to make viscous
solutions, thereby increasing digesta viscosity, the
mechanism by which soluble nonstarch polysaccharides
exert their antinutritive effects. Pectins are susceptible to
endo-galactouranase (pectinase) degradation (Annison
and Choct, 1993). However, these polysaccharides are
highly branched and this makes the backbone not
readily accessible for naturally occurring endo-
hydrolyzing enzyme. Exogenous pectinase may be
required to hydrolyze the backbone.
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TABLE 1. Composition and calculated analysis of experimental diets, Experiment 1

1Amount supplied per kilogram of diet were: vitamin A, 8,250 IU; cholecalciferol, 1,000 IU; vitamin E, 5.46 IU; vitamin B12, 0.12 mg; riboflavin, 2.2
mg; niacin, 6.6 mg; Calcium pantothenate, 4.4 mg; choline chloride, 110 mg; DL-Met, 500 mg.

2Amount supplied per kilogram of diet were: manganese, 110 mg; zinc, 55 mg; iodized salt, 4,780 mg.

Ingredients
and analysis

Impala Radley Sirius

Control Untreated Dehulled Micronized Untreated Dehulled Micronized Untreated Dehulled Micronized

(g/kg)
Peas . . . 600.0 546.0 600.0 600.0 540.0 600.0 600.0 534.0 600.0
Wheat 605.9 138.9 . . . 138.9 200.2 213.6 200.2 242.0 30.0 242.0
Barley 100.0 95.0 268.8 95.0 57.0 65.0 57.0 . . . 244.0 . . .
Soybean 145.0 . . . . . . . . . . . . . . . . . . . . . . . . . . .
Limestone 87.0 87.0 87.0 87.0 87.0 87.0 87.0 87.0 87.0 87.0
Biophos 10.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
Vitamin1 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Mineral2 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
L-Lys 1.1 . . . . . . . . . . . . . . . . . . . . . . . . . . .
DL-Met 1.0 1.1 1.2 1.1 1.8 1.4 1.8 1.5 1.5 1.5
Vegetable oil 35.0 54.0 41.0 54.0 30.0 37.0 30.0 45.5 53.0 45.5
Alpha cell . . . . . . 32.0 . . . . . . 32.0 . . . . . . 26.5 . . .
Total 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0
Calculated analysis
Energy, Mcal/kg 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.84 2.84 2.84
Protein 183.6 184.7 186.0 183.6 182.6 182.8 182.6 181.8 182.9 181.8
Calcium 35.5 35.6 35.5 35.5 35.5 35.5 35.5 35.3 35.5 35.3
Available P 3.5 3.6 35.0 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Lys 8.2 10.1 10.9 10.1 10.6 10.8 10.6 9.3 10.7 9.3
Met 3.8 3.9 3.9 3.8 3.9 3.9 3.9 3.8 3.9 3.8
Met + Cys 6.7 6.5 6.7 6.5 6.6 6.7 6.6 6.4 6.6 6.4

2Micronizing Co., UK, Framlingham, Suffolk, 1P13 9PT, UK.

Few reports are available on the use of enzymes in
legume-based diets. These reports are limited to broiler
chickens and most of them did not show significant
beneficial effects of adding enzymes to legume-based
diets. There was no major improvement in growth rate
and feed utilization of broiler chickens when fed diets
containing soybeans (Anderson and Warnick, 1964),
field beans (V. faba) (Castanon and Marquardt, 1989) and
peas (Brenes et al., 1993) supplemented with enzymes.
Our recent study (Igbasan and Guenter, 1996b) showed
that supplementation of diets containing yellow, green,
and brown peas with pectinase significantly improved
weight gains and feed consumption of broiler chickens
but feed conversion was not affected. Whether addition
of enzyme to pea-based diets would produce the same
or different response in laying hens is not known.

As part of a wider study on the evaluation and
enhancement of the nutritive value of peas in poultry
diets, the study described here was performed to
determine the extent to which micronization, dehulling,
or enzyme supplementation would improve the utiliza-
tion of peas by laying hens.

MATERIALS AND METHODS

Plant Materials and
Processing Conditions

Three cultivars of peas, Impala (yellow-seeded), Radley
(green-seeded), and Sirius (brown-seeded), used for this
study were locally grown. Peas were micronized (Infrared
heated) at a temperature between 110 and 115 C for 55 s. in
a micronizer2 located at InfraReady Products Limited,
Saskatoon, SK, Canada. Micronized peas were also
subjected to a roll flaking process before being ground for
use. Dehulling was accomplished with the aid of a roller
mill and the hulls were separated from the cotyledons by
air classification. The chemical compositions of untreated,
micronized, and dehulled pea samples have been
reported (Igbasan and Guenter, 1996c).

Experiment 1

Two hundred and eighty Single Comb White Leghorn
(SCWL) pullets of Shaver White strain were used to
evaluate the feeding value of micronized and dehulled
peas in a 12-wk experiment. The birds were housed in
colony cages (40 × 25 cm) at two birds per cage. The cages
were equipped with Hart cup waterers and trough
feeders. The hens were housed in an environmentally
controlled house at a temperature of about 25 C and 16 h of
light/d.

Ten isoenergetic and isonitrogenous diets were formu-
lated (Table 1). Except for those diets that contained
dehulled peas, where correction was made for the
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TABLE 2. Composition and calculated analysis of basal, Experiment 2

1Amount supplied per kilogram of diet were: vitamin A, 8,250 IU; cholecalciferol, 1,000 IU; vitamin E, 5.46 IU;
vitamin B12, 0.12 mg; riboflavin, 2.2 mg; niacin, 6.6 mg; Calcium pantothenate, 4.4 mg; choline chloride, 110 mg;
DL-Met, 500 mg.

2Amount supplied per kilogram of diet were: manganese, 110 mg; zinc, 55 mg; iodized salt, 4,780 mg.

Ingredients and analysis Impala Radley Sirius

(g/kg)
Peas 650.0 650.0 650.0
Barley 203.0 207.5 202.0
Limestone 87.0 87.0 87.0
Biophos 9.0 9.0 9.0
DL-Met 1.0 1.5 1.5
Vitamin1 10.0 10.0 10.0
Mineral2 5.0 5.0 5.0
Vegetable oil 35.0 30.0 35.5
Total 1,000.0 1,000.0 1,000.0
Calculated analysis
Energy, Mcal/kg 2.70 2.80 2.70
Protein 187.7 180.2 179.5
Calcium 35.6 35.4 35.3
Available P 3.6 3.6 3.6
Lys 10.8 10.9 9.8
Met 3.8 3.7 3.8
Met + Cys 6.5 6.3 6.4

3Queensboro Instruments, Ottawa, ON, Canada, K2A 2J3.
4Hoffmann-La Roche Ltd., Basel, Switzerland.
5B. C. Ames, Co., Waltham, MA 02154.
6Finnfeeds International Ltd., Marborough, Wiltshire, SN8 1AA, UK.

amounts of hulls (546 g/kg pea cotyledons), the inclusion
level of peas in other diets was 600 g/kg. The diets were
fed to pullets when daily egg production per pullet
reached 70%. Each diet was randomly replicated seven
times with four birds per replicate. The duration of the
experiment was 84 d and was divided into three periods of
28 d each.

Eggs were collected and recorded daily for each
replicate. Feed consumption was determined on a repli-
cate basis by weighing feed at the beginning and at the end
of each period. Hens were weighed individually at the
start and at the end of the experiment. Mortality was
recorded as it occurred. On the last 3 consecutive d of each
period, all eggs collected were identified by cage number
and kept for egg quality determinations: weight, albumen
height, yolk color, and shell thickness. Albumen height
was measured using an electronic albumen height gauge,3
yolk color was determined using the Roche yolk color fan4

(15, dark orange; 1, light pale), and shell thickness was
measured using an Ames micrometer.5 Egg mass output
(rate of lay × egg weights) and feed conversion (kilograms
of feed per dozen eggs) were calculated from the data.

Experiment 2

In this experiment, the efficacy of dietary inclusion of a
crude enzyme preparation in diets in which peas
constituted a major dietary constituent was studied. The
enzyme investigated was pectinase. It was supplied by
Finnfeeds International6 and contained 3,500 U/g of
pectinase activity (as determined by the manufacturer)

and the recommended dietary inclusion level was 50 U/
kg.

A total of 252 SCWL pullets (Shaver White strain) were
randomly distributed among nine dietary treatments
arranged in a 3 × 3 factorial. Each treatment group
consisted of seven replicates of four birds each. Housing
and management of birds were as described in Experi-
ment 1. The dietary treatments were as follows: 1) Impala
(650 g/kg) pea diet (Basal 1); 2) Basal 1 plus 50 U/kg
pectinase; 3) Basal 1 plus 100 U/kg pectinase; 4) Radley
(650 g/kg) pea diet (Basal 2); 5) Basal 2 plus 50 U/kg
pectinase; 6) Basal 2 plus 100 U/kg pectinase; 7) Sirius (650
g/kg) pea diet (Basal 3); 8) Basal 3 plus 50 U/kg pectinase
and Basal 3 plus 100 U/kg pectinase. The three basal diets
were formulated to meet NRC requirements (NRC, 1994)
for laying hens. The compositions and calculated analyses
of the basal diets are presented in Table 2. Because our
basal diets contained moderate levels of barley (about 200
g/kg), which might make it difficult to assess the efficacy
of pectinase targeting the pectic polysaccharides in peas,
Avizyme 1100,6 containing 100 U/g b-glucanase (EC
3.2.1.6) (which would be active against b-glucans of
barley), 300 U/g xylanase (EC 3.2.1.8), and 800 U/g
protease, were added to all diets following manufacturer’s
recommendation.

The experiment was initiated when hen-day egg
production was about 80%. The duration of the experi-
ment was 56 d or two periods of 4 wk each. Initial and final
body weights of hens were recorded at the beginning and
at the end of the experiment. Feed consumption, egg
production, and incidence of mortality were recorded on a
replicate basis. All eggs laid on the last 3 d of each period
were identified by cage number and were used for
exterior and interior egg quality determinations. Average
egg weight was obtained for each replicate. Albumen
height, yolk color, and shell thickness were determined as
described in Experiment 1.
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TABLE 3. Degrees of significance, F test, of treatments and periods and their interactions on
performance traits of laying hens fed untreated, dehulled, and micronized peas, Experiment 1

1Rate of lay times average egg weight.
2NA = Not applicable.
*Effect significant at P ≤ 0.05.
**Effect significant at P ≤ 0.01.
***Effect significant at P ≤ 0.001.

Probability values

Source of variation Treatment Period
Treatment ×
period

Rate of lay, % ** ** NS
Daily feed intake, g/bird ** NS NS
Feed conversion, kg/dozen eggs NS NS NS
Egg weight, g *** *** NS
Egg mass output,1 g/hen/d *** ** NS
Yolk color score *** NS NS
Albumen height, mm * NS NS
Shell thickness, mm × 10–2 ** *** NS
Body weight change, kg NS NA NA2

Statistical Analysis

All data were subjected to analysis of variance using the
General Linear Models (GLM) procedure of SAS (SAS
Institute, 1986), as a split-plot design but with a 3 × 3
factorial arrangement of treatments in Experiment 2 (three
pea cultivars and three levels of enzyme addition, 0, 50,
and 100 U/kg diet). Treatment differences obtained upon
statistical analyses were compared using Duncan’s multi-
ple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Experiment 1

The main effects of dietary treatments with experimen-
tal period and their interactions on performance traits are
shown in Table 3. There was a significant effect (P ≤ 0.05)
of treatments on egg production, feed intake, egg weight,
egg mass output, yolk color, albumen height, and shell
thickness but not on feed conversion and body weight.
The effect of experimental period was only significant (P ≤
0.05) for egg production, egg weight, and shell thickness.
Egg production and egg weight increased over the course
of the experimental period but shell thickness decreased.
No effect of treatment by period interactions was
observed on all performance traits, which suggests that
the effect of treatment with respect to time (period) was
the same.

Table 4 gives a summary of the performance data of
laying hens fed untreated, micronized, and dehulled peas.
Birds fed diets containing 600 g/kg of untreated Impala,
Radley, and Sirius peas had lower egg production and egg
mass output than those fed the wheat-soybean control
diet; however, the effect on egg production was not
significant for Impala peas. The corresponding feed
conversion was also poor although this was not signifi-
cant. Daily feed intake, egg weight, albumen height, and

body weight were not affected. Shell thickness was
decreased for Impala and Sirius but it was not affected by
Radley peas. Egg yolk color was improved (P ≤ 0.05) when
peas were incorporated into the diet of layers. Dehulled
and untreated peas gave similar results except that the
birds fed dehulled peas had a reduced daily feed intake.
Birds fed diets containing micronized peas had egg
production, feed conversion, and egg mass output values
similar to those of birds fed the wheat-soybean control
diet. Micronization did not alter other performance traits.
Mortality rates did not appear to be related to treatments
applied.

The results of this experiment confirm the adverse
effects of high amounts of raw peas in laying hen diets
reported previously (Moran et al., 1968; Igbasan and
Guenter, 1996a). The positive influence of peas on yolk
color observed in this study may be related to the quantity
of xanthophylls in peas, but at present there is no
information on the xanthophyll contents of peas. Our
previous work (Igbasan and Guenter, 1996a) showed a
progressive improvement in yolk color as the level of peas
in laying hen diet was increased. Lack of response to
dehulling observed here may be related to the increased
content of thermolabile protease inhibitors, which are
known to be present in the cotyledons of peas at a much
higher concentration than in the hulls (Valdebouze et al.,
1980). A similar study by Davidson (1980a) with field bean
(V. faba cult. Pavane) rich in proanthocyanidines showed
that there was no apparent beneficial effect resulting from
feeding dehulled beans to laying hens.

With the application of infrared heat treatment
(micronization) to peas, productivity of laying hens was
equal to that of birds fed the wheat-soybean control diet.
The beneficial effects derived from this heat processing
arise, at least in part, from the destruction of antinutritive
substances, such as trypsin inhibitor, and hemagglutinin
activities in peas. McNab and Wilson (1974) and Davidson
(1980a) reported a reduction in trypsin inhibitor and
hemagglutinin activities in field beans (V. faba) as a result
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TABLE 4. Performance of laying hens fed untreated, dehulled and micronized peas, Experiment 2

a–dMeans within a column with no common superscript differ significantly (P ≤ 0.05).
1Rate of lay by average egg weight.
2Egg yolk color based on Roche color fan: 15, dark orange; 1, light pale yellow.
3BWC = Body weight change.
4Peas.
5ND = Not determined.

Daily Egg Yolk
Rate of feed Feed Egg mass color Albumen Shell Mortality

Treatment lay intake conversion weight output1 score2 height thickness BWC3 rate

(%) (g/bird)
(kg/dozen
eggs) (g) (g/hen/d) (mm)

(mm ×
10–2) (kg) (%)

Control 89.6a 104.9ab 1.42 60.9ab 54.6a 2.6d 9.1a 36.2ab 0.07 3.6
Untreated Impala4 85.1abcd 106.1a 1.51 60.4ab 51.4bc 5.3c 9.0ab 34.4c 0.05 . . .
Dehulled Impala 84.7abcd 101.4c 1.50 58.5b 49.7bc 5.5bc 8.9ab 35.3abc 0.05 3.6
Micronized Impala 88.2ab 104.0abc 1.42 59.8ab 52.7ab 5.3c 8.7ab 34.7bc 0.07 . . .
Untreated Radley4 82.4cd 103.3abc 1.51 60.3ab 49.7bc 6.0a 8.8ab 36.5a 0.04 . . .
Dehulled Radley 82.1d 101.8bc 1.49 59.7ab 49.0c 6.3a 8.7ab 36.3ab 0.05 . . .
Micronized Radley 87.0abcd 105.6a 1.46 60.7ab 52.8ab 6.1a 8.9ab 35.5abc 0.05 3.6
Untreated Sirius4 83.3cd 105.0ab 1.52 59.7ab 49.7bc 5.8b 8.9ab 35.0abc 0.05 3.6
Dehulled Sirius 83.8bcd 102.7abc 1.47 60.9ab 51.0bc 5.9b 8.5b 35.9abc 0.04 . . .
Micronized Sirius 87.6abc 106.0a 1.45 62.0a 54.3a 5.6bc 9.1a 35.3abc 0.05 . . .
SEM 1.67 1.53 0.033 0.74 1.05 0.09 0.15 0.54 0.013 ND5

TABLE 5. Degrees of significance, F test, of main effects and interactions of cultivar (C), enzyme (E), and experimental period
(P) on performance traits of laying hens fed three types of peas supplemented with three levels of enzyme, Experiment 2

1BWC = Body weight change.
2NA = Not applicable.
*Effect significant at P ≤ 0.05.
**Effect significant at P ≤ 0.01.
***Effect significant at P ≤ 0.001.

Source of variation C E P C × E C × P E × P C × E × P

Rate of lay, % * NS ** NS NS NS NS
Daily feed intake, g/bird * NS NS NS NS NS NS
Feed conversion, kg/dozen eggs NS NS NS NS NS NS NS
Egg weight, g * NS *** NS NS NS NS
Egg mass output, g/hen/d * NS ** NS NS NS NS
Yolk color score *** NS NS NS NS NS NS
Albumen height, mm NS NS NS NS NS NS NS
Shell thickness, mm × 10–2 ** NS ** NS NS NS NS
BWC,1 kg NS NS NS NS NA2 NA NA

of micronization. It is also possible that heating altered or
disrupted the structure of pea protein and starch, thereby
making these nutrients more susceptible to enzyme
attack. Our recent study (Igbasan and Guenter, 1996c) and
that of McNab and Wilson (1974) have shown that
infrared heat treatment improved apparent metabolizable
energy, protein, and starch digestibility values of peas and
field beans in broiler chicks. This may also apply to laying
hens. The improvement in nutrient utilization would
explain the improvement in laying performance we
observed here. In agreement with the current findings,
Davidson (1980b) reported improvements in egg produc-
tion of hens fed micronized peas. However, the magni-
tude of improvement reported by this author was much
higher than the one we observed in this study, 4.8 (average
for the three types of peas) vs 20.0% above untreated peas.

It should be noted that in the experiment conducted by
Davidson (1980b), the diets that contained untreated and
micronized peas were critically low in methionine relative
to the control diet (1.9 vs 3.1 g/kg). Methionine is the first
limiting amino acid in peas and because micronization
increased bioavailable methionine as well as that of
cystine (Igbasan and Guenter, 1996c), this might put the
diet that contained micronized peas at advantage over the
diet with untreated peas. This disparity in results may, in
part, be related to variation in response to heat treatment,
which may be dependent on the forms and conditions of
hen treatment, the concentrations of antinutritive factors
in peas, and the differences in nutrient density of diets
used in both studies. Similar variable response to heating
has also been noted for faba beans (V. faba) (Davidson,
1980a).
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TABLE 6. Performance of laying hens fed three types of peas supplemented with three levels of enzyme, Experiment 2

a–cMeans within a row under cultivar or enzyme with no common superscript differ significantly (P ≤ 0.05).
1Inclusion level of enzyme in the diet.
2Rate of lay by average egg weight.
3Egg yolk color based on Roche color fan: 15, dark orange; 1, light pale yellow.
4BWC = body weight change.

Cultivar Enzyme

Performance trait Impala Radley Sirius SEM 0 U/kg1 50 U/kg1 100 U/kg1 SEM

Rate of lay, % 84.8a 81.7b 82.0b 1.01 81.9 83.6 83.0 1.01
Daily feed intake, g/bird 111.3a 107.6b 108.8b 0.71 109.3 109.9 109.4 0.71
Feed conversion, kg/dozen eggs 1.59 1.58 1.60 0.018 1.61 1.59 1.59 0.018
Egg weight, g 61.0b 60.2b 61.8a 0.46 61.0 61.2 60.7 0.46
Egg mass output,2 g/hen/d 51.6a 49.3b 50.6b 0.61 50.0 51.2 50.3 0.61
Yolk color score3 5.3c 6.5a 5.6b 0.06 5.7 5.7 5.8 0.06
Albumen height, mm 8.7 8.6 8.6 0.09 8.6 8.7 8.6 0.09
Shell thickness, mm × 10–2 34.7c 36.5a 35.5b 0.26 35.7 35.7 35.1 0.26
BWC,4 kg 0.06 0.04 0.05 0.007 0.05 0.04 0.05 0.007

Experiment 2

Cultivar influenced (P ≤ 0.05) egg production, daily
feed intake, egg weight, egg mass output, egg yolk color,
and shell thickness but not feed conversion, albumen
quality, or body weight (Table 5). The effect of experimen-
tal period was significant (P ≤ 0.05) for egg production,
egg mass output, shell thickness, and egg weight. These
performance traits followed the trend described for
Experiment 1. No effect of enzyme supplementation,
cultivar by enzyme, cultivar by period, enzyme by period,
and cultivar by enzyme by period interactions were
observed on all performance traits.

Productivity of laying hens as influenced by cultivar
and enzyme supplementation is presented in Table 6. At
the same inclusion rate (650 g/kg), layers fed Impala peas
(yellow-seeded) produced more (P ≤ 0.05) eggs, had
higher (P ≤ 0.05) egg mass output, and had higher (P ≤
0.05) daily feed intake than those fed Radley (green-
seeded) and Sirius (brown-seeded) peas. Feed conversion,
albumen quality, and body weight were the same among
cultivars. Egg yolk colors were darker (P ≤ 0.05) and
eggshells were thicker (P ≤ 0.05) from layers fed Radley
peas. Egg weight was slightly higher (P ≤ 0.05) from layers
fed Sirius peas. Only two deaths were recorded for the
entire flock over the 8-wk period and there was no
evidence that treatments had influence on mortality.

The performance of laying hens was quite variable
among cultivars. The variability may be related to
differences in nutrient composition and availability, as
reported earlier (Igbasan and Guenter, 1996b). Significant
differences were found between these cultivars for AMEn,
starch, and apparent protein digestibilities. Protein diges-
tibility was higher in Impala than in Radley and Sirius
peas. Also, Sirius peas are relatively high in tannin
content, whereas Impala and Radley peas contain negligi-
ble amounts. The differences in performance became
apparent at 650 g/kg inclusion rate in laying diets vs 400
g/kg in broiler diets (Igbasan and Guenter, 1996b);

probably because broilers are more responsive to an-
tinutrient factors and to small changes in nutrient
composition than laying hens.

Supplementation of pea-based diets with pectinase
enzyme at the level (50 U/kg) recommended by the
manufacturer did not produce any significant effect on
egg production, daily feed intake, feed conversion, egg
weight, egg mass output, egg yolk color, albumen quality,
shell thickness, or body weight. Increasing the inclusion
level (100 U/kg) of pectinase enzyme in the diets did not
produce any response in production performance.

Enzyme supplementation of laying hen diets has not
been extensively studied. Few studies (Al Bustany and
Elwinger, 1988; Aimonen and Nasi, 1991; Brufau et al.,
1994) reported in the literature concentrated on cereal
grains (wheat, barley, oats, and rye). None of these studies
showed any significant improvement in laying perfor-
mance by supplementing diets with crude enzyme
preparations. Our recent experience with broiler chicks
(Igbasan and Guenter, 1995b) also revealed that addition
of pectinase enzyme to pea-based diets did not affect feed
conversion, which agrees with the current study.
However, feed consumption of these birds was improved,
which also resulted in an improvement in weight gain.
Lack of significant response of broiler chicks and laying
hens to pea-based diets supplemented with exogenous
enzymes suggests that the antinutritive effects of non-
starch polysaccharides in peas may not be of serious
concern when compared with those in cereal grains (b-
glucans and pentosans), which can create a very viscous
intestinal fluid that results in a poor nutrient utilization
and wet litter conditions (Campbell et al., 1986).

The results of this study demonstrate that untreated
peas (irrespective of cultivars) decreased egg production,
feed conversion, and egg mass output but improved egg
yolk color when included in laying hen diets at 600 g/kg.
Dehulling could not reverse the negative effects encoun-
tered by feeding high amounts of peas to laying hens but
micronization eliminated these effects. The use of pec-
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tinase enzyme in pea-based diets did not improve laying
performance under the conditions of this study.
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