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Abstract 
This study was designed to establish the effect on laying performance and egg quality resulting from 

substitution of soybean meal with untreated field pea (Pisum sativum L.) and enzyme supplementation in the diet 
of the entire cycle of laying hens. A total of 270 Lohmann Brown Classic pullets, 18 wks of age were randomly 
allocated to five experimental groups of 54, hens each. Each treatment had six replicates of 9 hens with similar 
levels of production at the beginning of the trial and fed 35 wks (between 20 and 54 wks of age). The dietary 
treatments were as follows: 1) corn/soybean meal diet (Soybean diet); 2) corn/pea diet (Pea diet); 3) Pea diet 
supplemented with Kemzyme HF® (100 mg/kg diet); 4) Pea diet supplemented with Allzyme®Vegpro (100 mg/kg 
diet); 5) Pea diet supplemented with enzyme combination [Kemzyme HF® (50 mg/kg diet) plus Allzyme® Vegpro 
(50 mg/kg diet)]. The substitution of soybean meal with untreated pea did not significantly change the growth 
performance as well as feed intake and efficiency of layers; egg production rate and none of egg quality traits 
examined were influenced, except for yolk color that was higher in hens fed the pea diet. Our results show that 
the addition of Allzyme® Vegpro or the enzyme combination (Kemzyme HF® plus Allzyme®Vegpro), respectively 
to pea-based diets significantly improved laying performance; however, the effect of Kemzyme HF® was not 
statistically significant in pea-based diet. Egg quality of layers fed enzymes supplementation had no statistically 
significant difference with hens fed pea-based diet without enzyme or soybean meal diet. 
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1. Introduction 

Imported soybean meal (SBM) is the main protein source used in poultry feed in 
Europe and it is usually known for its high quality. However, SBM comes mostly from 
genetically modified crops (GMCs, or biotech crops) and at EU level there is a tendency to 
limit their use in poultry feed because of the potential negative effects which the meat/eggs 
could have on human health. In the new Common Agricultural Policy (CAP) further 
initiatives are needed to stimulate local protein crops production and reduce the dependency 
on very few exporters of protein-rich raw materials, for economic and strategic reasons. 
Therefore, price and availability SBM on global markets may change rapidly, thereby 
stimulating interest in maximizing the use of locally produced feed ingredients including seed 
legumes (Castell & al. [1]; Dale [2]; Perez-Maldonado & al. [3]; Fru-Nji & al. [4]). For the 
past years, field peas (Pisum sativum L.) has been researched as protein source for 
monogastric animal diets (Savage & al. [5]; Diaz & al. [6]; Valencia & al. [7]). The use of 
field peas in commercial laying hen diets is very limited. The main anti-nutritional factors 
(ANF) present in the peas are protease inhibitors (Griffiths [8], tannins (Lindgren [9]; 
Griffiths [10]), lectins (Bender [11]), and possibly nonstarch polysaccharides (Longstaff and 
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McNab [12]; Saini [13]) which have an adverse effect on protein digestibility. Processing 
procedures (i.e. dehulling, micronization) that eliminate or inactivate ANF from peas 
and alter starch structure to improve accessibility of starch granules to enzyme hydrolysis 
offer the promise of improving the nutritive value of peas for use in livestock feeding 
(Igbasan and Guenter [14]; Igbasan and Guenter [15]; Laudadio and Tufarelli [16]). Enzyme 
supplementation of laying hen diets has not been extensively studied. 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 [17]), field 
beans (V. faba) (Castanon and Marquardt [18]) and peas (Brenes & al. [19]; Igbasan and 
Guenter [15]) supplemented with enzymes. The addition of feed enzymes has also been 
shown to increase starch digestion for some field pea varieties (Cowieson & al. [20]). 
Therefore, the objective of this study was to investigate the effect of diets containing high 
untreated field peas with or without exogenous enzymes supplementation as an alternative 
protein source replacing soybean meal on the productive performance and egg quality of 
laying hens during the early and second stage of production. 

 
2. Material and methods 

Birds were treated in accordance with Romanian legislation (law no. 305/2006) for 
handling and protection of animals used for experimental purposes. This study protocol was 
approved by the Ethical Committee of The National Research Development Institute for 
Animal Biology and Nutrition Baloteşti, Romania. 
2.1. Birds, experimental design and diets 

Two commercial exogenous dietary enzyme preparations were used in this study, 
Kemzyme HF® and Allzyme®Vegpro.  Kemzyme HF® is a commercial product that has the 
ability to enhance the digestibility of non-starch polysaccharides (NSP) present as feed 
ingredients. Kemzyme HF® (Kemin Europe, NV) contained cellulase (9,000 U/g), xylanase 
(1,200 U/g), pectinase (300 U/g), glucanase (3,000 U/g), α-amylase (540 U/g) and protease 
(450 U/g). Allzyme® Vegpro (Alltech Inc., USA) an enzyme formulated to increase 
digestibility of protein meals contained protease (7500 HUT/g) and cellulase (44 CMCU/g). 
One HUT unit is the amount of enzyme that produces a hydrolysate with the same absorbance 
at 275nm as a solution containing 1.10 µg/ml tyrosine in 0.006N HCl. One carboxymethyl 
cellulose unit (CMC Unit) of activity liberates 1 micromole of reducing sugar (expressed as 
glucose equivalents) is one minute under the conditions of the assay. A total of two-hundred 
seventy (270) Lohmann Brown Classic pullets, 18 wks of age with an initial by weight of 
1,532 ± 3.8 g, were housed in colony layer cages with tree hens per cage. The birds were 
randomly and equally allocated into five experimental groups of 54, hens each. Each 
treatment had six replicates of 9 hens with similar levels of production at the beginning of the 
trial. The cages were equipped with nipple drinker and trough feeders. The hen-house was 
provided with programmable lighting and adequate ventilation. The lighting programme at the 
start of trial was 14 h light and was increased by 15 min each week to 16 h light.  The dietary 
treatments were as follows: 1) corn/soybean meal diet (Soybean diet); 2) corn/pea diet (Pea 
diet); 3) Pea diet supplemented with Kemzyme HF® (100 mg/kg diet); 4) Pea diet 
supplemented with Allzyme®Vegpro (100 mg/kg diet); 5) Pea diet supplemented with enzyme 
combination [Kemzyme HF® (50 mg/kg diet) plus Allzyme® Vegpro (50 mg/kg diet)].  
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Table 1. Chemical composition, amino acids 
composition and fatty acids profile of pea 

Item Field Pea 

n 3 

Nutrient, g/kg as-fed basis  
Dry matter 904 
Crude protein 237 
Ether extract 13.2 
Crude fibre 67.7 
Ash 34.1 
Nitrogen-free extract 555 
Calcium 1.1 
Phosphorus 3.9 

Amino acids (g/100g): 
Lysine 1.69 
Methionine 0.28 
½ Cystine 0.12 
Threonine 0.86 
Leucine 0.80 
Arginine 2.30 
Histidine 0.72 
Isoleucine 1.10 
Valine 1.06 
Phenylalanine 0.99 
Tyrosine 0.73 
Aspartic acid 2.37 
Serine 1.01 
Glutamic acid 3.70 
Proline 0.98 
Glycine 0.97 

Fatty acids profile (% of total FAME)1: 
Σ Saturated fatty acids 22.4 
Σ Monounsaturated fatty acids 26.7 
Σ Polyunsaturated fatty acids 50.9 
PUFA/MUFA2 1.91 
C18:1 ω -9/C18:2 ω -63 0.72 
ω-6 /ω -34 5.29 

1FAME, fatty acids methyl esters. 
2PUFA/MUFA, polyunsaturated fatty acids/ 
monounsaturated fatty acids ratio. 
3C18:1 ω -9/C18:2 ω -6, oleic acid/linoleic acid ratio. 
4ω-6 /ω -3, linoleic acid/linolenic acid ratio 

 

 

Table 2. Ingredients and chemical analysis of diets 

 Diet 
Ingredients, g/kg as-fed bas Soybean Pea 

Corn 611.9 385.6 
Soybean meal (45.6% CP) 241.0 84.0 
Pea meal (23.7% CP) - 350.0 
Gluten (60% CP) 20.0 40.0 
Vegetable oil 4.0 18.0 
Monocalcium phosphate 15.0 15.0 
Calcium carbonate 90.0 90.0 
Sodium chloride 3.0 3.0 
Vitamin-mineral premix 1 10.0 10.0 
DL-methionine (99%) 1.9 2.1 
L-lysine HCl (78%) 1.0 - 
L-tryptophan (99%) 1.4 1.5 
Choline chloride (50%) 0.8 0.8 

Calculated analysis   
Crude protein 180.7 181.0 
ME (MJ/kg) 11.6 11.6 
Lysine, total 9.6 9.8 
Lysine, digestible 8.5 8.6 
Methionine, total 4.9 4.7 
Methionine, digestible 4.7 4.5 
TSAA, total 7.9 7.9 
TSAA, digestible 7.1 7.0 
Tryptophan, total 1.7 1.7 
Calcium 37.0 37.0 
Phosphorus, available 4.0 4.0 

Chemical analysis, g/kg   
Dry matter 898.9 901.2 
Crude protein 181.1 180.7 
Crude fiber 25.1 35.7 
Crude fat 33.3 41.5 

1Supplied per kg diet: vitamin A from retinyl acetate, 
10,000 IU; vitamin D3, 2,500 IU; vitamin E from dl-α-
tocopheryl acetate, 30 mg; menadione sodium bisulphite, 
3 mg; thiamine mononitrate, 1 mg; riboflavin, 4 mg; vitamin 
B6 from pyridoxine mononitrate, 3 mg; cyanocobalamin, 
25 mcg; Ca-panthotenate, 10 mg; niacin, 30 mg; folic 
acid, 0.5 mg; d-biotin, 50 mcg; Mn, 100 mg; Zn, 60 mg; 
Fe, 25 mg; Cu, 5 mg; I, 0.5 mg; Se, 0.20 mg.  

 
Soybean diet was a practical corn-soybean meal based laying hen diet, whereas the 

Pea diet was formulated to contain 35% of untreated field pea (Pisum sativum L., the most 
widespread pea cultivar grown in European countries) as substitute for soybean meal.  The 
diets were formulated to meet nutrient recommendation of Lohmann Brown Classic 
management guide which met or exceed the NRC [21] recommendations. Each experimental 
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diet was isocaloric and isonitrogenous (11.6 MJ of ME/kg and 18% of crude protein), and 
with similar content of total sulphur amino acids (TSAA), tryptophan, calcium and available 
P (Table 2). 

Ingredient and diet analysis, according to the Commission Regulation (EC) no. 
152/2009 [22] procedure, are presented in Table 1 and 2. Water and feed (mash) were 
provided ad libitum throughout the experiment. The duration of the experiment was 35 weeks, 
between 20 and 54 weeks of hens’ age. 
2.2.  Analytical methods 

To ensure the accurate formulation of the experimental diets, samples of ingredients 
were analyzed before formulation (dry matter, crude protein, crude fiber, crude ash, ether 
extract) using standard procedures according to the methods of the Commission Regulation 
(EC) no. 152/2009 [22]. Metabolizable energy content of the diets was calculated on the basis 
of the energy content of individual feed ingredients using European Tables equation (Janssen 
[23]). Calcium was analyzed by flame atomic absorption spectrometry and total P 
spectrophotometrically. The amino acid concentration was analyzed by HPLC 
chromatography (Thermo Electron-Finningen Surveyor fitted with a quaternary system for 
solvent pumping and with Diode Array Detector). We used a C18 chromatographic column 
and the following solvents: phosphate pH7.8 buffer and methanol-acetonitrile mixture. Amino 
acid standards certified and purchased from Sigma-Aldrich were injected for the qualitative 
and quantitative determinations. All reagents were certified and had HPLC purity. The fatty 
acid composition on pea seed was analyzed using a gas chromatography system. Fatty acid 
methyl esters (FAME) were prepared from total lipid extract using methanolic HCl as the 
derivatizing agent. Analyses of FAME were performed with a Clarus 500 gas chromatograph 
(PerkinElmer, Inc., SUA) equipped with an autosampler, flame ionization detector (FID), and 
fused silica capillary column (cis/trans FAME), 60 m x 0.25 mm x 0.2 μm film thickness 
(PerkinElmer, Inc., SUA). The calibration and the peak determinations were based on 
authentic standards fatty acids from Sigma-Aldrich (St. Louis USA). The results were 
expressed for each fatty acid (as % of total FAME). 
2.3.  Data collection and egg parameters 

Body weight was registered at the start and end of the experiment. The body weight 
changes were calculated accordingly. Feed intake was weekly recorded by replicate and 
adjusted for mortalities, while feed conversion ratio (FCR) was calculated as g of feed/g of 
egg. Eggs were daily collected and egg production was calculated on a hen-day basis. Egg 
weight were recorded daily and egg mass was calculated by multiplying egg weight by egg 
production. Eggs with any adhering manure were classified as dirty, and the percentage was 
calculated. 
2.4.  Egg quality  

Eggs were examined for interior and exterior quality. Egg components were monthly 
measured using three eggs from each treatment replicate. Each egg was initially weighed 
using an Egg AnalyzerTM system (Sanovo Engineering, Odense NV, Denmark) and after that 
the egg was broken and egg contents (albumin and yolk) were placed on the measuring tray of 
the Egg AnalyzerTM for the determination of albumen height (AH), yolk colour, and yolk 
weight (YW). Eggshells washed with water, dried with paper towels and then weighed. 
Eggshell weight (ESW) was expressed as percentage of the egg weight. Albumen weight 
(AW) was calculated by subtracting the weights of yolk and eggshell from the weight of the 
egg. The eggs were examined for shell quality by shell thickness (with shell membrane) of the 
eggs was measured by micrometer. Shell thickness was a mean value of measurements at 3 
locations on the eggs (air cell, equator, and sharp end). 



GEORGETA CIURESCU, CORNEL OCTAVIAN PANĂ 
 

Romanian Biotechnological Letters, Vol. 22, No. 1, 2017 
 

12208

Statistical analysis 
All data were analyzed by the General Linear Models (GLM) procedure using the 

SPSS software version 17.0 (SPSS [24]). One-way analysis of variance (ANOVA) with the 
post hoc Tukey's multiple comparison tests was used to evaluate statistical significance of 
differences among the treatment means. Differences were considered significant at P < 0.05. 

 
3. Results and discussion 
3.1.  Chemical composition of pea 

The chemical composition of pea seed meal used in the experiment is shown in Table 
1. Results of proximate analysis yielded values of 90.4% for dry matter (DM), 23.6% for 
crude protein (CP), 1.3 for ether extract (EE), 6.7% for crude fiber (CF), 3.4% for ash, 0.11% 
for calcium (Ca) and 0.39% for total phosphorous (TP). The CP value was similar to the value 
recorded by NRC [21] and Igbasan et al. [25] and lower than that recorded 25.5% according 
to Laudadio and Tufarelli [26]. This means that the protein content of soybean is 1.5 fold of 
that pea content (NRC [21]); also, the EE, Ca and TP contents of soybean were clearly higher 
than pea (NRC [21]), while the CF content of pea was higher than soybean. The amino acids 
content in pea obtained in the present study was approximately the same of those reported by 
NRC [21]. Overall, reliable values of the nutrient content of feed constituents are vital to 
create more accurate diet formulations however several factors affect the physical and 
nutritional characteristics of pea causing variability. 
3.2.  Hen productive performance 

The effects of inclusion of untreated field pea and enzyme supplementation on final 
body weight (BW) and changes are shown in Table 3. The findings of the present study 
showed that substitution of soybean meal with untreated field pea in diet did not negatively 
influence hens’ BW and weight change. These results were comparable to earlier studies with 
high inclusion levels of peas (Perez-Maldonado & al. [3]; Fru-Nji & al. [4]). In the current 
study, considering that an amino acid might be limiting layer performance, methionine and 
tryptophan was added to a second batch of the pea-based diet (to reach 0.79% TSAA and 
0.17%, respectively).  On the other hand, in our study, supplementation of pea-based diets 
with exogenous enzymes did not produce any significant (P > 0.05) effect on final BW and 
changes, during the early and second stage of production (Table 3). Because increase in body 
mass of layers was negatively correlated with egg production, the stability of body mass in 
hens fed diets supplemented with peas can be considered a favorable factor in increasing egg 
production as reported by Aydin & al. [27] and more recently by Laudadio and Tufarelli [28].   

The effects of diet including untreated field pea and enzyme supplementation on FCR 
is presented in Table 4. The diet containing untreated field pea had no significant effect on 
feed conversion ratio (P > 0.05) compared with the diet including conventional soybean meal. 
Also, no effect of enzymes supplementation, were observed, during the periods 20-24, 25-29, 
30-34, 35-39, 40-44, 45-49 and 50-54 weeks of age, respectively. FCR values were in 
accordance with findings obtained in other trials where faba bean (Vicia faba), common vetch 
(Vicia sativa), field pea (Pisum sativum) and blue lupin (Lupinus angustifolius) were used as 
protein supplements in layers diets (Farran & al.[29]; Hammershøj and Steenfeldt [30]; 
Laudadio and Tufarelli [28]). 



Effect of dietary untreated field pea (Pisum sativum L.) as substitute for soybean meal and enzymes supplementation on egg production and quality of laying hens 
 

Romanian Biotechnological Letters, Vol. 22, No. 1, 2017 
 

12209 

 

Table 3. Effect of diet and enzyme supplementation on laying hen’s body weight 

Body weight (g)  

Diet 

 

Enzyme Initial Final Change 

Soybean No enzyme 1,532 1,992 460 
Pea No enzyme 1,528 1, 996 468 
Pea Kemzyme HF® 1,533 1,959 426 
Pea Allzyme®Vegpro 1,541 1,981 440 
Pea Kemzyme HF® + 

Allzyme®Vegpro 
1,527 2,015 488 

SEM  9.1 13.7 21.2 

P-value  0.689 0.281 0.332 

a,b Means within columns with different superscript letters are different (P < 0.05); SEM – 
standard error of means. 

 
However, other studies showed that addition of alternative legume seeds (field peas, 

faba beans, chick peas or sweet lupins) into the diet significantly affected feed intake of the 
hens (Perez-Maldonado & al. [3]; Fru-Nji & al. [4]). In Tables 5-7 are reported the effect of 
diets including pea and enzyme supplementation on egg production (rate of lay, egg weight 
and egg mass) parameters in laying hens. The egg production (rate of lay, egg weight and egg 
mass) were unaffected (P > 0.05) by the pea included in the feed, compared with diet 
containing soybean meal, during the early and second stage of production. These results are in 
agreement with those reported for layers in available literatures (Castanon and Perez-Lanzac 
[31]; Fru-Nji & al. [4]) who showed that the inclusion of alternative legume seeds did not 
affect productivity. Such performance, comparable to soybean meal diet, could only be 
achieved with methionine and tryptophan supplementation in pea-based diet. Supplementation 
of pea-based diets with Kemzyme HF® enzyme at the level (100 mg/kg diet) recommended 
by the manufacturer did not produce any significant (P > 0.05) effect on egg production (rate 
of lay, egg weight and egg mass).  There were no significant (P > 0.05) effects of enzyme 
combination [Kemzyme HF® (50 mg/kg diet) plus Allzyme® Vegpro (50 mg/kg diet)] 
supplementation on egg production parameters in laying hens, except for rate of lay and egg 
mass at 45-49 and 50-54 weeks of age (Table 5 and Table 6). 

Table 4. Effect of diet and enzyme supplementation on feed conversion ratio of laying hens 

Feed conversion ratio (g feed/g egg)  
 

Diet 

 
 

Enzyme 20-24 
weeks 

25-29 
weeks 

30-34 
weeks 

35-39 
weeks 

40-44 
weeks 

45-49 
weeks 

50-54 
weeks 

Soybean No enzyme 2.54 1.99 1.92 1.90 1.96 1.97 2.02 
Pea No enzyme 2.58 1.97 1.95 1.96 1.94 1.97 1.97 
Pea Kemzyme HF® 2.55 1.94 1.89 1.90 1.94 1.95 1.96 
Pea Allzyme®Vegpro 2.53 1.93 1.85 1.85 1.86 1.84 1.89 
Pea Kemzyme HF® + 

Allzyme®Vegpro 
2.54 1.94 1.87 1.87 1.91 1.88 1.90 

SEM  0.23 0.14 0.11 0.19 0.13 0.17 0.11 

P-value  0.403 0.419 0.567 0.176 0.325 0.337 0.477 
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Table 5. Effect of diet and enzyme supplementation on hen-day egg production of laying hens 

Hen-day egg production (%)  
Diet 

 

 
Enzyme 

20-24 
weeks 

25-29 
weeks 

30-34 
weeks 

35-39 
weeks 

40-44 
weeks 

45-49 
weeks 

50-54 
weeks 

Soybean No enzyme 74.2 92.8 91.3b 90.6b 89.9b 86.7b 85.3b 

Pea No enzyme 73.3 92.2 90.8b 90.0b 89.3b 85.6b 85.8b 

Pea Kemzyme HF® 74.1 92.7 91.1b 90.1b 89.4b 85.2b 85.3b 

Pea Allzyme®Vegpro 73.9 93.4 93.3a 92.8a 91.8a 91.1a 88.5a 

Pea Kemzyme HF® + 
Allzyme®Vegpro 

73.7 93.6 91.5b 90.8b 89.8b 88.2a 87.9a 

SEM  1.88 1.72 1.96 1.26 1.30 1.22 1.42 

P-value  0.287 0.232 0.040 0.037 0.044 <0.001 <0.001 
a,b Means within columns with different superscript letters are different (P < 0.05); SEM – standard error of 

means. 
 

Table 6. Effect of diet and enzyme supplementation on egg mass of laying hens 

Egg mass (g egg/hen/d) Diet 

 

Enzyme 

20-24 
weeks 

25-29 
weeks 

30-34 
weeks 

35-39 
weeks 

40-44 
weeks 

45-49 
weeks 

50-54 
weeks 

Soybean No enzyme 40.4 55.9 56.7b 56.6b 56.7b 55.5b 54.9b 

Pea No enzyme 39.7 56.1 56.8b 56.4b 56.6b 54.6b 55.1b 

Pea Kemzyme HF® 40.5 56.8 56.7b 56.7b 56.9b 54.8b 55.3b 

Pea Allzyme®Vegpro 40.5 56.8 57.8a 58.1a 58.0a 58.1a 57.2a 

Pea Kemzyme HF® + 
Allzyme®Vegpro 

40.2 56.6 56.5b 56.9b 56.5b 56.6a 56.9a 

           SEM 0.81 0.64 0.84 0.58 0.83 0.54 0.70 

          P-value 0.298 0.281 <0.001 <0.001 <0.001 <0.001 <0.001 
a,b Means within columns with different superscript letters are different (P < 0.05);  
SEM – standard error of means. 

 
However, the addition of Allzyme®Vegpro at the level (100 mg/kg diet) recommended 

by the manufacturer produced more eggs and had higher egg mass output (P < 0.05) than 
those fed pea-based diet without enzyme or soybean meal diet, except for rate of lay and egg 
mass at periods 20-24 and 25-29 weeks of age, respectively (Table 5 and Table 6). These 
results partially agree with Igbasan and Guenter [15] who reported that supplementation of 
pea-based diet with pectinase enzyme at two levels (50 and 100 U/kg) did not produce any 
response in production performance. Our study revealed that enzyme addition (Allzyme® 
Vegpro or enzyme mixture, respectively) significantly improved egg production by 3.0-1.4% 
and egg mass by 3.4-1.7%. 
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Table 7. Effect of diet and enzyme supplementation on egg weight of laying hens 

Egg weight (g) Diet 

 

Enzyme 

20-24 
weeks 

25-29 
weeks 

30-34 
weeks 

35-39 
weeks 

40-44 
weeks 

45-49 
weeks 

50-54 
weeks 

Soybean No enzyme 54.4 60.2 62.1 62.5 63.1 64.0 64.4 
Pea No enzyme 54.2 60.8 62.6 62.7 63.4 63.8 64.2 
Pea Kemzyme HF® 54.7 61.3 62.2 62.9 63.6 64.3 64.8 
Pea Allzyme®Vegpro 54.8 60.8 61.9 62.6 63.2 63.8 64.6 
Pea Kemzyme HF® + 

Allzyme®Vegpro 
54.6 60.5 61.7 62.7 62.9 64.2 64.7 

SEM  0.67 0.49 0.54 0.58 0.85 0.77 0.63 

P-value  0.397 0.197 0.383 0.283 0.266 0.151 0.226 

 
 

Table 8. Effect of diet and enzyme supplementation on egg quality traits of laying hens from  
20 to 54 weeks of age 

Diet Enzyme AH, 
mm 

YW, 
% 

Yolk 
color 

AW, 
% 

ESW, 
% 

Shell 
thickness, 

mm 

Broken + 

sell-less 
eggs, % 

Dirty 
eggs, % 

Soybean No enzyme 8.6 26.2 5.7b 63.8 10.0 0.393 0.42 0.30 
Pea No enzyme 8.7 26.0 6.5a 63.7 10.3 0.389 0.66 0.32 
Pea Kemzyme HF® 8.6 25.9 6.6a 64.0 10.1 0.393 0.47 0.28 
Pea Allzyme®Vegpro 8.7 25.9 6.7a 63.9 10.2 0.394 0.41 0.20 
Pea Kemzyme HF® + 

Allzyme®Vegpro 
8.6 26.2 6.6a 63.8 10.0 0.393 0.45 0.25 

SEM  0.09 0.07 0.06 1,34 0.02 - - - 

P-value  0.267 0.198 0.022 0.643 0.178 0.334 0.364 0.233 
a,b Means within columns with different superscript letters are different (P < 0.05); SEM – standard error of 
means. 
AH – albumen height; AW – albumen weight; YW – yolk weight; ESW – eggshell weight. 

 
The main effects of pea meal replacing soybean meal and enzyme supplementation on 

egg quality of laying hens are reported in Table 8. In terms of internal and external egg 
quality parameters (AH, YW, AW, ESW and ESG), no significant (P > 0.05) differences were 
observed among treatments, during the early and second stage of production. Fru-Nji & al. [4] 
observed similar results when feeding hens several diets including peas. Conversely, studies 
in the past, on the other legume-based diets fed to hens, have reported that alternative dietary 
supplementation can have a negative effect on egg quality (Hammershøj and Steenfeldt [30]). 
Only, egg yolk color was improved (P < 0.05) when peas with or without enzyme 
supplementation were incorporated into the diet of layers (Table 8). The results of this 
experiment confirm the effects in yolk color as high amounts of raw peas in laying hen diets 
reported previously (Igbasan and Guenter [15]). 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. However, other studies showed 
that addition of alternative legume seeds into the diet (such as peas and faba beans, 
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respectively) significantly affected yolk color (Laudadio and Tufarelli [26]). There were no 
significant (P > 0.05) effects of enzyme supplementation, at the level recommended by the 
manufacturer, on egg quality traits. Our results on the egg quality parameters agree with the 
results of Igbasan and Guenter [15] and Fru-Nji & al. [4]. Based on the results of production 
performance and egg quality, pea had no adverse effect. This indicated that the studied pea 
cultivar did not contain harmful levels of ANF. This is in line with Smulikowska & al. [32] 
who reported that the role of trypsin and protease inhibitors in modern spring cultivars of pea 
are found to be less important.  

 
4. Conclusions 

The results of this study demonstrate that untreated field peas (Pisum sativum L.) 
could be included in laying hens diets at dietary level up to 350 g/kg, replacing soybean meal 
for entire laying cycle, with neither a significant depression in production nor in egg quality, 
except for egg yolk color that was higher in hens fed the pea diet. The addition of Kemzyme 
HF® enzyme at the level (100 mg/kg diet) in pea-based diets did not improve laying 
performance and egg quality traits under the conditions of this study. Only, Allzyme® Vegpro 
(100 mg/kg diet) and enzyme combination [Kemzyme HF® (50 mg/kg diet) plus Allzyme® 
Vegpro (50 mg/kg diet)] supplementation can of improve laying performance (rate of lay and 
egg mass) of laying hen fed pea-based diet. No effect of enzyme supplementation, were 
observed on egg quality traits, during the early and second stage of production. 
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