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Abstract

Strakova E., P. Suchy, M. §ugerkové, M. Machacek: Positive Effect of Plant-Based Diet
on the Performance and Health of Laying Hens. Acta Vet. Brno 2007, 76: S31-S37.

An entirely plant-based feed mixture was prepared to minimize the potential risk of transmitting
prion infections through animal feed. It consisted of two protein components (soya extracted
meal and lupin seed meal) and was compared with a diet containing animal protein components
(fish meal). The objective of the present work was to prepare and verify the effect of the entirely
plant-based diet on the performance, selected qualitative indicators of eggs and the hens’ state
of health. A specially prepared feed mixture containing fish meal was used as a control diet. The
tested plant-based diet administered to experimental hens produced no negative effect on egg
production variables such as number of eggs per hen or laying performance. The weight of eggs
laid by experimental hens was significantly higher (61.66g, P < 0.01), as compared with the
control group (60.03 g). The higher average weight of eggs in the experimental group increased
the production of egg mass per layer by 540 g in 252-day experimental period. The beneficial effect
of the plant-based diet was demonstrated particularly in the improved egg quality, manifesting
itself in a highly significant improvement in yolk colour (P < 0.01) and a significant decrease
(P <0.05) in cholesterol level in egg yolk. Haematological examination did not indicate statistical
differences between experimental and control layers in red blood cell indices such as RBC,
haemoglobin, hematocrit, MCHC, MCH, and MCYV, while white blood cell indices showed a
highly significant increase (P < 0.01) in Le in experimental hens. Biochemical tests performed in
blood plasma revealed significantly lower molar concentrations of glucose (P < 0.05) and highly
significantly lower levels of total lipids, cholesterol, lipoproteins (HDL and LDL) in experimental
hens (P <0.01), as compared with the control group. The results of the study confirm that animal
protein in diet for laying hens can be replaced by combination of vegetable protein feeds (soybean
and lupin protein) without a negative impact on their performance and health, thereby contributing
to solving issues of food safety (a prevention of prion infections).

Hens, nutrition, egg production, egg quality, haematological and biochemical examination of
blood

In terms of the safety and quality of raw materials and foodstuffs originating from animals,
constant effort in the area of animal nutrition goes into preventing the contamination of
feeds with substances that may put human health at risk. The replacement of animal feed
with plant-based feed may offer a potentially useful solution to this problem. Due to bovine
spongiform encephalopathy in ruminants, a new strategy in the nutrition of animals reared
for the production of feed was elaborated. First papers pointing out the option of preparing
entirely plant-based diets were published by Suchy et al. (2002) although meat-and-bone
meals were an integral part of feed mixtures for poultry (particularly laying hens) at that
time. The effect of the diets administered to hens used for production of consumer eggs
should be assessed in respect to both egg production performance and egg quality. In this
respect, the composition of the egg (i.c. egg shell, egg white and egg yolk) is considered to be
the basic indicator to be evaluated, together with the level of egg cholesterol, which reflects
consumer health aspects, and egg yolk colour, which characterises egg attractiveness to
consumers. The effect of the diets with and without animal protein (meat-and-bone meal)
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was studied by Angelovi¢ova and Michalik (1993) and Ttimova et al. (2004). Egg
colour is an important indicator that makes an egg attractive for consumers. This issue
including the objective methods of colour determination was addressed by Dvotak et al.
(2001, 2003, 2004). Dvotak et al. (2005) confirmed the improvement of yolk colour after
the addition of plant-based components containing natural plant pigments into the feed
mixtures. From the consumer health point of view, the level of cholesterol in egg yolk is
of a great importance. The quality of eggs including the evaluation of cholesterol levels in
egg yolk was studied by Timova et al. (2004), Wang and Pan (2003) and Murata et al.
(2003). There are only a few scientific papers on the metabolic profile of clinically healthy
hens during a laying period, which is one of the major indicators of the hens’ state of health.
Papers by Kirchgessner et al. (1996), Suchy et al. (2001) and Strakova et al. (2001)
represent fundamental work in this area.

In our work we have suggested a hypothesis to prove that a suitable combination of
plant-based diets can fully replace both fish meal and also any protein originating from
animals in a diet for laying hens without producing any negative effects such as decreased
production performance of feed mixtures, decrease in egg quality or negative impact on
the hens’ state of health.

Materials and Methods

Actotal of 72 laying hens of the ISA Brown hybrid combination at the age of 22 weeks were randomly assigned
to the control (n = 36) and experimental (n = 36) group. The hens were reared individually in cages in an accredited
enclosure at the Department of Nutrition, Animal Husbandry and Animal Hygiene, University of Veterinary and
Pharmaceutical Sciences Brno at the temperature of 18 °C and 16-hour photoperiod. Layers were fed ad libitum
by manual feeding. Watering took place by nipple automatic drinkers. The experimental period lasted 252 days
(from 22 to 58 weeks of hen age).

During the experiment, layers were fed commercial complete feed mixtures N1 (from 22 to 40 weeks of
age; the first part of laying period) and N2 (from 41 to 58 weeks of age; the second part of laying period). The
control group received feed mixture in which fish meal and soya extracted meal were the sources of protein. Soya
extracted meal and meal from seeds of yellow lupin (Lupinus luteus variety Juno) in amounts of 10% (N1) and 6%
(N2) were used as the vegetable protein sources in the experimental group. Both the experimental and the control
feed mixtures were comparable in respect to energy content and nutrient composition (Table 1).

In the course of the experimental period, both the number and weight of laid eggs were monitored daily. During
the laying period, eggs were also examined for the presence of defects such as defective egg shell (membranous
or cracked egg). The data obtained were used to evaluate the average weight of eggs, the number of laid eggs per
laying hen, laying performance, the production of egg mass per laying hen and the portion of eggs with a defective
egg shell per laying period (as a percentage).

Eggs from each laying hen in both groups were collected at 28-day intervals during the experiment in order
to determine selected qualitative indicators: egg weight, egg shell weight, weight of white and yolk by weighing
at a precision of 0.01 g. The corresponding data were used to calculate the relative portion of the egg shell, egg
white, and egg yolk per egg. The colour of egg yolk was assessed using the standard Hoffman-La Roche yolk
colour scale and the level of cholesterol was determined photometrically using the commercially available BIO-
LA-TEST kits (Pliva Lachema a.s., Czech Republic).

Haematological and biochemical tests of blood samples obtained by puncture of the vena basilica in 10 hens
from each group, were performed at 28-day intervals. Collected blood samples were stabilized with heparin. The
following haematological indicators were determined: red blood cell count (RBC), white blood cell count (WBC),
haemoglobin content and haematocrit value. These values were used to calculate following red blood cell indices:
the mean corpuscular haemoglobin concentration (MCHC), mean corpuscular haemoglobin (MCH), and mean
corpuscular volume (MCV). Haematological values were determined using classical haematological methods
according to Doubek (2003). The following biochemical indicators were determined in blood plasma: the molar
concentrations of total protein, glucose, total lipids, cholesterol, lipoproteins (HDL and LDL), Ca, P, and Mg.
The biochemical examination of blood plasma was performed using the Cobas Mira automatic analyser (Roche
Diagnostic Systems, Switzerland).

The data obtained were evaluated using the statistical programme STAT PLUS.

Results

Table 2 shows that the plant-based diet did not substantially affect the performance
characteristics of hens such as the number of laid eggs per laying hen and the laying
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Table 1. Nutrient composition of complete feed mixtures containing animal protein (control groups) and
vegetable protein (experimental groups)

g}g;?ﬁo ¢ specified Control group Experimental group Control group Experimental group
otherwise) NI N1 N2? N2
Dry matter 895.0 899.3 892.6 894.0
Crude protein 185.0 185.0 162.8 161.5
Lysine 8.6 8.5 7.5 7.5
Methionine 4.3 4.3 3.8 3.7
Threonine 6.2 6.2 5.5 5.6
Tryptophan 1.8 1.8 1.7 3.8
Arginine 11.0 13.1 9.4 10.6
Isoleucine 6.6 6.8 5.7 5.8
Fat 34.1 56.6 30.6 39.7
Fibre 27.2 35.3 30.1 31.5
Nitrogen free extract 536.0 493.5 554.4 538.8
Starch 412.6 345.5 441.6 420.1
Metabolisable energy

(MJkg) 11.7 11.7 11.3 11.3
Ash 115.6 124.1 114.3 119.3
Calcium 36.0 36.0 35.3 35.3
Phosphorus 7.7 7.2 6.3 6.3
Magnesium 23 1.6 2.1 1.5

! — N1: admistered to hens from 22 to 40 weeks of age.
2 —N2: admistered to hens from 41 to 58 weeks of age.

performance. Hens fed the plant-based diet produced more egg mass as a result of
significantly higher (P < 0.01) average weight of eggs (61.66g) as compared with the
control (60.03 g). The quality of the egg shell remained unchanged, as evaluated on the
basis of percentage of eggs with a defective egg shell per laying period (Table 2).

The analysis of 324 eggs collected from both the experimental and the control group
during the experiment showed that the weight of the egg shell and the egg white in the
experimental group increased (P < 0.01) by 0.31 g and 0.98 g, respectively. There were no
statistically significant differences in average values for yolk between the groups. When
the individual parts of the egg were expressed in percentages, the portion of the egg shell
increased by 0.24% in the experimental group as compared with the control (P <0.01). The
opposite trend was found for the egg yolk, as its average value in the eggs from experimental
layers decreased by 0.57% as compared with the control (P <0.01). The relative portion of
the egg white was the same in both groups. Egg yolks of the experimental group showed
significantly darker colour (P < 0.01) and had significantly lower (P < 0.05) cholesterol
level (Table 2).

Ninety blood samples were collected and analysed from each group during the
experiment. As documented in Table 3, the haematological examination did not show
statistically significant differences between the groups of hens in the average values of
the indicators observed, except for the white blood cell count, which was significantly
higher (P < 0.01) in experimental hens (15.70 G/1), as compared with the control (13.98
G/1). Some differences were found between the groups in the biochemical examination
of blood plasma. Experimental laying hens showed significantly lower (P < 0.05) molar
concentrations of glucose (12.403 mmol/1) and significantly lower (P <0.01) concentrations
of triglycerides (14.317 mmol/l), cholesterol (4.319 mmol/l), and HDL (1.898 mmol/l) and
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Table 2. The results of the evaluation of performance and egg quality in the laying hens fed on a diet
consisting of animal protein (control group) and with an entirely plant-based mixture (experimental group)

Egg indicators | Control group | Experimental group
Performance indicators
Total number of laid eggs 7583 7543
E/1H 218 221
PEM 13087 13627
Laying performance (%) 86.51 86.11
Weight of eggs (g) 60.03 £ 5.308™ 61.66+ 5.287"
Cracked eggs (%) 2.77 2.96
Membranous eggs (%) 0.16 0.41
Qualitative parameters
Weight of egg shell (g) 717+ 0.684™ 748+ 0.748™
Weight of white (g) 36.33 + 3.638™ 3731+ 3.761"
Weight of yolk (g) 1596+ 1.597 1596+ 1.771
Weight of egg shell (%) 12.07+ 0.880™ 1231+  0.958"
Weight of white (%) 61.16+ 2.558 61.40+ 2.868
Weight of yolk (%) 26.76 £ 2.360™ 2619+ 2736
Yolk colour 5.87+ 0.681" 6.44+ 0.739"
Yolk cholesterol (mg/100 g) 1131.94 +92.305" 1116.09 + 100.393"

Means =+ standard deviation.

, " — the values within the same row differ significantly (P < 0.05 and P < 0.01, respectively).
E/1H: the mean number of laid eggs per hen in 28 days, PEM: the mean production of egg mass during the
experiment.

LDL (1.324 mmol/l) lipoproteins (Table 3). No statistically significant differences between
the groups of layers were found in the plasma levels of Ca, P and Mg.

Discussion

The results obtained in this experiment have shown that diets only consisting purely of
plant components can be formulated for the feeding of laying hens without there being any
negative impact on their production performance. The production of egg mass increased by
540 g per layer during the 252-day experimental period. This increase in the production of
egg mass is associated with a very significant increase (P < 0.01) in the average weight of
eggs in hens of the experimental group.

The positive effect of the plant-based diet was particularly reflected in some of the egg
quality indicators; namely in the increase in egg shell weight (both absolutely and relatively),
which is one of the major factors that affects positively the thickness and strength of the
egg shell. It follows from the results that the increase in egg weight in the experimental
group is also associated with a very significant increase (P < 0.01) in the weight of the
egg white, while the weight of egg yolk remained practically unchanged as compared
with the control group. Consequently, the relative portion of the yolk in control eggs was
significantly higher (P < 0.01) than that of the experimental. The egg weight, including
the relative ratio of all the egg shells, whites and yolks determined in both groups, showed
typical variability reported by Angelovicova and Michalik (1993) and Timova et al.
(2004) for hen eggs.

With regard to the attractiveness of eggs in respect to consumer demands, the colour
of egg yolk in the experimental group changed significantly, being of a darker shade (P <
0.01). The enhanced colour of egg yolk is probably associated with the increased level of
plant pigments in the plant-based diet containing the Juno yellow variety of lupin. Similar
findings were also reported by Dvotak et al. (2005).
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Table 3. The results of the evaluation of the haematological and biochemical examination of blood in the
laying hens fed on a diet consisting of animal protein (control group) and with an entirely plant-based mixture
(experimental group)

Blood indicators | Control group | Experimental group

Haematological indicators
RBC (T/1) 2212+ 0.363 2.152+ 0.321
Haemoglobin (g/1) 71.527+ 7.522 71.871+ 6.581
Hematocrit (1/1) 0.282+ 0.026 0.283 + 0.025
MCHC (%) 25253+ 1917 25421+ 1.406
MCH (pg) 33.989 = 5.600 34733 £ 5.442
MCV (fl) 133.962 +21.978 136.962 + 22.903
WBC (G/1) 13.980+ 2.869" 15.700 £ 3.948™

Biochemical plasma indicators
Total protein (g/1) 49.670 = 3.176 49.447+ 3.310
Glucose (mmol/l) 12.698 + 0.798" 12403+ 0.831"
Total lipids (g/1) 15187+ 1.858™ 14317+ 1.910™
Cholesterol (mmol/l) 4.565+ 0.624™ 4319+ 0.456"
HDL (mmol/l) 2.037+ 0.322" 1.896 + 0.262™
LDL (mmol/l) 1.474 £ 0.244™ 1324+ 0.211"
Calcium (mmol/l) 6.561+ 0.399 6.708 = 0.688
Phosphorus (mmol/l) 1.849 + 0.426 1.907+ 0.161
Magnesium (mmol/l) 0.813 + 0.042 0.814+ 0.038

Means + standard deviation.

*, " — the values within the same row differ significantly (P < 0.05 and P < 0.01, respectively).

RBC: total red blood cells, MCHC: Mean Corpuscular Haemoglobin Concentration, MCH: Mean Corpuscular
Haemoglobin, MCV: Mean Corpuscular Volume, WBC: Total White Blood Cells, HDL: High-Density
Lipoprotein, LDL: Low-Density Lipoprotein

One very positive effect of the plant-based diet with regard to the nutritional value of eggs
is that it significantly decreased (P < 0.05) the cholesterol level in egg yolk in experimental
hens. This effect is assumed to be associated with the absence of animal component in the
plant-based diet. The results obtained also correspond with those published by Tumova et
al. (2004) and Murata et al. (2003).

The hens’ state of health can be assessed objectively on the basis of regular haematological
and biochemical tests on blood samples collected from hens.

The results of haematological tests showed that the plant-based diet had no negative
effect on the studied haematological indicators. This statement is supported by the fact
that red blood cell indices in the experimental group did not differ from those in the
control group during the whole experiment. Red blood cell indices are in accordance
with the results of haematological tests in clinically healthy hens reported by Strakova
et al. (2001).

It follows from the haematological tests that both groups differed significantly (P <0.01)
in the total leukocyte count that increased in experimental laying hens. This is a positive
finding as it indicates enhanced leucopoiesis in experimental laying hens.

Biochemical tests on samples of hen blood plasma showed a significantly lower level
of glucose in the experimental group (P < 0.05). We suppose that one of the reasons for
a decrease in the molar concentration of plasma glucose is that the level of production in
laying hens increased as a result of the increasing energy demand due to the increasing
weight of eggs and the connected enhanced production of egg mass.

A highly significant decrease (P < 0.01) in the levels of plasma lipids, cholesterol,
and lipoproteins (HDL and LDL) is another positive effect of the plant-based diet on
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the metabolic profile of experimental hens. It can be assumed that the highly significant
decrease in the parameters of lipid metabolism is associated with the decreased cholesterol
levels in egg yolk in the experimental group. The plasma level of protein is one of the
indicators that did not differ statistically between groups. We therefore failed to prove
the finding reported by Kirchgessner et al. (1996) that the addition of lupin to a diet
decreased the plasma level of protein in hens.

The molar concentrations of bone-forming elements in blood plasma (Ca, P, Mg) did not
significantly vary between the two groups. This proves that the plant-based diet tested had
no negative effect on the metabolism of these minerals in experimental hens.

Despite the differences between the groups in the monitored biochemical indicators, it
can generally be concluded that these variables ranged within normal physiological limits
and that they are in accordance with biochemical studies conducted on clinically healthy
hens by Suchy et al. (2001).

In conclusion, it follows from the results obtained that suitably designed diets for feeding
laying hens may fully replace diets consisting of animal components, without producing
negative effects on the production performance of hens or the hens’ state of health. Any
suitable plant-based diet can increase the quality of eggs as well as the attractiveness of
eggs for consumers, maintaining good state of health of laying hens and improving the
safety of this significant foodstuff.

Pozitivni vliv vegetabilni diety na produkei a zdravotni stav uZitkovych nosnic

V souvislosti s potencionalnim rizikem prenosu prionovych infekci krmivy animalni
provenience byla za pouziti kombinace dvou vegetabilnich proteinovych krmiv
(sojovy extrahovany S§rot a Srot z lupinovych semen) pfipravena Cisté vegetabilni
krmné smés a bylo provedeno jeji porovnani s dietou s obsahem animalni proteinové
komponenty rybi moucky. Cilem prace bylo pfipravit a ovérit vliv Cisté vegetabilni
diety na produkci, vybrané kvalitativni ukazatele vajec a zdravotni stav nosnic.
Jako kontrolni dieta byla pouzita specialné pfipravena krmna smés s rybi mouckou.
Testovana vegetabilni dieta, podavana pokusné skupiné slepic negativné neovlivnila
produkei vajec ve vztahu k poctu snesenych vajec na 1 slepici a intenzitu snasky.
Slepice pokusné skupiny sndsely vysoce prukazné (P < 0,01) tézsi vejce 61,66 g oproti
kontrolnim slepicim 60,03 g. Vy$§i primérna hmotnost vajec u pokusné skupiny
zvysila za 252 dnt experimentu produkci vaje¢né hmoty na 1 slepici o 540 g. Pozitivni
vliv vegetabilni diety spatfujeme pfedevsim ve zlepSeni kvality vajec, manifestujici
se vysoce prukaznym (P < 0,01) zlepSenim barvy zloutku a prikaznym (P < 0,05)
poklesem cholesterolu ve vajeéném zloutku. Pfi hematologickém vySetfeni pokusné
a kontrolni skupiny slepice nevykazovaly rozdily u sledovanych ukazatelti cerveného
krevniho obrazu (Er, Hb, Hk, MCHC, MCH a MCYV). U bilého krevniho obrazu
bylo zaznamenano vysoce prukazné (P < 0,01) zvySeni Le u pokusnych slepic. Pfi
biochemickém vysetieni krevni plazmy slepice pokusné skupiny vykazovaly nizsi
molarni koncentrace u glukézy prikazné (P < 0,05), u celkovych lipidd, cholesterolu,
lipoproteidu HDL a LDL vysoce prukazné (P < 0,01) ve srovnani s kontrolou. Vysledky
prace potvrzuji, ze 1ze nahradit animalni protein v dieté pro nosnice uzitkové kombinaci
vegetabilnich proteinovych krmiv (sojovy a lupinovy protein) bez negativniho
dopadu na jejich uzitkovost a zdravotni stav, a tim pfispét k feSeni otazek spojenych
s bezpecnosti potravin (prevence prionovych nakaz).
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