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Abstract

The aim of the study was to evaluate the effect of different levels of dietary hybrid rye on eggs laid
by Isa Brown laying hens and their quality, such as physical parameters, nutritional value (basic
chemical composition, cholesterol content, fatty acid profile) as well as safety (microbiological pu-
rity). A total of 72 Isa Brown hens aged 26 weeks were allocated to 3 groups fed with 0%, 15% and
25% levels of hybrid rye in their diet up to week 50. At week 50, 72 eggs per group were collected
for analysis. The 25% rye level had no significant effect on most of the examined physical param-
eters; however, a tendency to heavier eggs in this group was noted. An increased rye level resulted
in lighter yolks with a lowered share of redness and yellowness compared to those obtained from
hens fed a control diet. The administration of 25% of rye in the diet influenced the basic chemical
composition of the yolks by increasing the water content and reducing the fat content, but with
no significant effect on the contents of ash, chlorides and cholesterol. The sum of saturated fatty
acids in yolks decreased along with the increase in dietary rye level while the sum of mono- and
polyunsaturated fatty acids increased. Moreover, a lowered ratio of m-6: -3 fatty acids was found
with dietary rye level increases.
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Rye has been repeatedly tested for its utility in the production of feed for chick-
ens and hens (Lumpkins and Batal, 2005; Lumpkins et al., 2005; Kowieska et al.,
2011). The digestibility of nutrients, the content of metabolisable energy, the balance
of nitrogen, calcium, phosphorus and zinc as well as digesta viscosity have been
analysed. The results of research have indicated that the addition of rye to laying hen
feed in the amount of 10-20% is acceptable and does not have a negative impact on
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its digestibility. Due to the presence of non-starch polysaccharides (NSP) and ara-
binoxylans, a higher rye content decreases the nutritional value of feed, although it
positively affects the balance of phosphorus in laying hens. The addition of enzymes
hydrolysing NSP is one of several ways to reduce their negative impact on the digest-
ibility of nutrients (Swiatkiewicz and Koreleski, 2007; Schwarz et al., 2015). Due to
the addition of exogenous enzymes, the rye content in laying hen diets may be higher
(10-40%) than in those for broiler chickens (10-20%), as the risk of an adverse
impact on performance indicators is lower (Smulikowska and Rutkowski, 2005).
Another method is to use new varieties of hybrid rye, characterised by higher yield,
resistance to fungi and pests, low production costs and a significantly lower content
of anti-nutritive substances (Bederska-Lojewska et al., 2017). Due to its valuable
chemical composition and health-promoting properties, rye, along with wheat, is
a valuable raw material for food production (Jasinska et al., 2006; Bjork et al., 2012;
Gani et al., 2012). Despite the lower content of protein, fat and crude fibre compared
to barley and wheat, rye contains high amounts of linoleic acid and is rich in lysine,
which compensates for the lower protein content and increases the nutritional value
(Kowieska et al., 2011). The differences in protein content between cereal species
presented in Table 1 are not large and can fluctuate depending on the cultivation
systems (Boro$ and Fra$, 2015).

Table 1. The basic composition of the grains of selected cereals (Boro$ and Fra$, 2015)

Grain | Total protein (%) | Raw fat (%) | Crude fibre (%) | Starch (%)
Barley 11.0 2.1 4.8 52.3
Wheat 11.9 2.0 2.9 59.4
Maize 9.0 4.0 2.3 61.4
Rye 9.5 1.6 2.4 54.5
Triticale 12.2 1.4 24 56.5
Oat 11.8 4.1 8.9 39.3

Rye grain is rich in vitamins, phenolic acids and phytoestrogens. Of all cereals,
rye has the lowest (net) calorific value. There is a need, therefore, to assess the nu-
tritional value of new rye hybrids, in terms of both the health of the laying hens and
the nutritional quality of the eggs (Jasinska et al., 2006). The aim of the study was
to determine the effect of increasing (different) levels of dietary hybrid rye on the
physical parameters and nutritional value (basic chemical composition, cholesterol
content, fatty acid profile) of eggs laid by Isa Brown laying hens.

Material and methods

The experimental materials were eggs obtained from 50-wk-old hens fed diets
with different levels of hybrid rye. A total of 72 17-wk-old Isa Brown hens were ob-
tained from a commercial source and kept in cages with wire-mesh floors, 2 hens per
cage. During the pre-experimental period (18-25 wks of age) hens were fed a stand-
ard, commercial diet and kept under controlled climate conditions. At wk 26, the hens
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were separated into 3 experimental Groups (I, IT or III), with 12 repetitions (cages with
2 birds in each) and fed isocaloric and isoprotein experimental diets with different
hybrid rye levels: 0%, 15% or 25%, respectively, until wk 50 (Table 2).

Table 2. Composition of the experimental diets

Group I Group II Group IIT
Component (g/kg) (Rye 0%) (Rye 15%) (Rye 25%)
Rye 0.0 150 250
Corn 290 200 150
Wheat 3823 311.6 250.8
Soybean meal 200 205 210
Rapeseed oil 15 21 27
Limestone 91 91 91
Monocalcium phosphate 12 12 12
NaCl 3 3 3
DL-Methionine 1.1 1.1 1.1
L-Lysine HCI 0.6 0.3 0.1
Vitamin-mineral premix’ 5 5 5

Calculated nutritional value per kg of feed

Metabolisable energy (MJ/kg)? 11.55
Crude protein (g/’kg DM) 170
Lys (g’kg DM) 8.10
Met (g/kg DM) 3.60
Ca (g/kg DM) 36
Available P (g/lkg DM) 3.75

The premix provided, per kg of diet: retinyl acetate 10,000 IU; cholecalciferol, 2,000 IU; tocopheryl, 20 1U;
menadione sodium bisulfite, 1.5 mg; thiamine, 1 mg; riboflavin, 4 mg; pyridoxine, 1.5 mg; cyanocobalamin, 0.01
mg; Ca-pantothenate, 8.7 mg; niacin, 20 mg; folic acid, 0.85 mg; choline chloride, 200 mg; manganese, 85 mg;
zinc, 60 mg; iron, 45 mg; copper, 8 mg; iodine, 1 mg; selenium, 0.25 mg.

2Calculated according to European Table (Janssen, 1989) as the sum of the ME content of components.

The hybrid rye used in the study was Brasetto variety, developed by KWS Lo-
chow GmbH, Bergen, Germany. During the experimental period (26—50 wks of age)
the hens were kept in cages, with free access to feed and water, with standard hous-
ing conditions and were exposed to a 14 L:10 D lighting schedule. At 50 wks of age,
eggs were collected in each cage, from each hen, on three consecutive days. A total
of 216 eggs were tested (72 eggs from each group). The result was the average of
6 eggs (2 eggs per cage x 3 collection days). The analysis of internal egg characte-
ristics included the following parameters: egg weight, white mass, yolk mass, egg-
shell mass, egg index (Radwag laboratory scale, micrometre Mitutoyo 500-181-30;
PN-A-86503:1998), yolk colour CIE L*a*b* (Minolta CR200b analyser calibrated
according to the white reference standard: L*=94.2; a*=0.3133; b*=0.320; Wyszecki
and Stiles, 1982), saturation (Va*2+b*2), hue (arctg b*/a*), depth of the air cham-
ber (ovolux lamp; PN-A-86503:1998), and yolk index (Mitutoyo digital altimeter
0-300/0.01; h/dx100%, where: h is the height of yolk in mm, d is the diameter of yolk
in mm). The assessment of the basic chemical composition of white and yolk includ-
ed: water and ash content by drying samples to stable weight (PN-ISO-1442:2000),
protein content by the Kjeldahl method (PN-A-04018:1975/Az 3:2002) with set type
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322 (Biichi), fat content by the Soxlet method (ISO-1444:2000), chlorides content
by the Mohr method (PN-A-82112:1973/Az1:2002). Determination of cholesterol
content was carried out by gas chromatography (SOP M.023, issue 1, 15/04/2011)
in yolk samples (Russo et al., 2005). The fatty acid profile was determined by gas
chromatography from the fat extracted from the yolk samples (Folch et al., 1957).
A Trace GC Ultra (Thermo Electron Corporation) with a Supelcowax 10 column
(Supelcowax, Bellefonte, USA) 30 m x 0.25 mm X 0.25 pm was used for the deter-
mination. The analysis was carried out under the following conditions: helium carrier
gas | ml/min, split flow 10 ml/min, injector temperature 220°C, detector temperature
250°C, starting temperature of the column (first 3 min) 160°C, increased by 3°C/
min to 210°C and maintained for 25 min. The effect of dietary rye level (0%, 15%,
25%) on the physicochemical, chemical and microflora composition parameters of
eggs was tested using one-way analysis of variance (ANOVA). Duncan post-hoc
tests were used for the comparison of means (the significance of differences was
investigated at P<0.05).

Results

As presented in our previous paper (Bederska-tojewska et al., 2019), the increas-
ing level of rye grain in the diet did not negatively affect laying performance indices
(egg production, feed conversion ratio) in this study. The effect of the rye level in
the diet of laying hens on the physical characteristics of hens eggs is shown in Table
3. The weight of eggs, as well as the egg index were not significantly affected by
an increasing dietary rye level; however, there was a tendency for an increase in
egg weight along with higher dietary rye level. The administration of 25% of rye in
the diet resulted in an increase in white weight and a decrease in yolk and eggshell
weights, when compared with results obtained in the group of hens fed with a 15%
rye diet. These results were not significantly different than those obtained in the
control group.

Table 3. One-way analysis of the variance of the physical parameters of eggs of laying hens fed with
0%, 15% and 25% dietary rye levels

Group 1 Group 11 Group III
Physical parameters
mean SD mean SD mean SD
White weight (%) 56.15 ab 2.16 5510 a 2.46 56.44 b 44
Yolk weight (%) 29.25a 2.49 30.49b 2.95 28.87a 3.1
Shell weight (%) 14.12 ab 1.83 14.10 a 1.47 13.54b 1.3
Egg index (%) 772 3.82 76.5 25 76.7 2.7

a, b — Different letters in a row indicate statistically significant differences at P<0.05; SD — standard devia-
tion; n=12.

The analysis of the colour parameters of egg yolks is presented in Table 4. The
results for parameters a* and b* on the CIE L*a*b* scale showed a significant de-
crease in the share of red and yellow colours in the yolks of layers fed with an in-



Effect of hybrid rye diets on quality of hen eggs 1013

creasing level of dietary rye (P<0.05), respectively from 8.0 and 49.0 (Group I) to
4.3 and 39.2 (Group III). An increase in the level of rye in the diets resulted in an
increase in the L* parameter, specifying the lightness of yolks (P<0.05), from 63.8
(Group I) to 65.9 (Group II) and 65.7 (Group III), along with a reduction in colour
saturation, respectively from 49.6 to 43.8 and 39.4 (P<0.05). The yolk of the studied
groups did not differ significantly in terms of its colour shade, which was determined
by the value of 1.4.

Table 4. Colour parameters of egg yolks of laying hens fed with 0%, 15% and 25% dietary rye levels

Group I Group II Group III
Colour parameters

mean SD mean SD mean SD
L* 63.8a 1.9 659b 2.1 65.7b 2.3
a* 8.0a 0.9 53b 0.7 43¢ 0.6
b* 49.0a 1.8 435b 1.5 392¢ 1.4
Saturation 49.6 a 1.9 43.8b 1.5 394c¢ 1.5
Hue 1.4 0.1 1.4 0.1 1.4 0.2

a, b, ¢ — Different letters in a row indicate statistically significant differences at P<0.05; SD — standard
deviation; n=12.

The basic chemical composition of yolks is presented in Table 5. Both levels
of dietary rye resulted in a higher water content and lower fat content in yolks, in
comparison to the control group. These values were similar for both groups receiving
rye in their diet (P<0.05). The lowest protein and cholesterol contents were found
in yolks of hens receiving the 15% rye diet, while those parameters obtained in the
group of hens receiving the 25% rye diet did not differ from those for the control
group. The egg yolk of all the studied groups did not differ in terms of the content
of ash and chlorides, which were determined at about 1.5% and 0.3%, respectively.

Table 5. Basic chemical composition and cholesterol content of egg yolks of laying hens fed with 0%,
15% and 25% dietary rye levels

Group [ Group II Group IIT
Chemical composition

mean SD mean SD mean SD
Water content (%) 534a 0.8 55.5b 1.1 54.7b 1.0
Protein content (%) 16.7 a 1.3 16.1b 0.6 16.5a 0.6
Fat content (%) 29.4a 1.3 26.8 b 0.7 264 b 2.9
Ash content (%) 1.5 1.0 1.5 3.6 1.5 0.2
Chloride content (%) 0.3 0.1 0.3 0.1 0.3 0.1
Cholesterol content (mg/g) 11.0a 0.2 10.6 b 0.1 11.0a 0.1

a, b — Different letters in a row indicate statistically significant differences at P<0.05; SD — standard devia-
tion; n=12.

The proportion of fatty acids in the profile is presented as a percentage and is
compared in Table 6 for saturated fatty acids (SFA) and Table 7 for mono- (MUFA)
and polyunsaturated (PUFA) fatty acids.



1014 E. Wesierska et al.

Table 6. Saturated fatty acids in egg yolks of laying hens fed with 0%, 15% and 25% dietary rye levels

Group [ Group II Group IIT
Systematic name

mean SD mean SD mean SD
decanoic C10:0 0.01 0.01 0.01 0.01 0.01 0.01
dodecanoic C12:0 0.01 0.01 0.01 0.01 0.01 0.01
tetradecanoic C14:0 0.18a 0.04 0.16 ab 0.02 0.14b 0.02
pentadecanoic C15:0 0.03a 0.01 0.02b 0.01 0.02b 0.01
hexadecanoic C16:0 28.50 0.59 26.55 3.58 25.01 0.18
heptadecanoic C17:0 0.08 a 0.02 0.07 ab 0.01 0.06 b 0.01
octadecanoic C18:0 6.64 0.64 6.45 1.02 5.92 0.55
eicosanoic C20:0 0.01 0.01 0.01 0.01 0.01 0.01
) 35.44 33.21 31.18

a, b — Different letters in a row indicate statistically significant differences at P<0.05; SD — standard devia-
tion; n=12.

The predominant SFAs in the analysed yolks were palmitic (C:16) and stearic
(C:18), and a tendency (P<0.05) for the highest amounts of these was determined
in Group I (28.5 and 6.6%, respectively), then in Groups II (26.5 and 6.4%) and
IIT (25.0 and 5.9%). The 25% level of rye and the consequent higher level of rape-
seed oil in the diet resulted in a decreased amount of SFA, especially myristic (from
0.18 to 0.14%), pentadecanoic (from 0.03 to 0.02%), and margaric (from 0.08 to
0.06%). The sum of SFAs decreased along with the increase in dietary rye level and
amounted to 35.4, 33.2 or 31.2%, respectively, in Groups I, I, and I1I. The dominant
monounsaturated acids in Group I-III yolks were oleic (C18:1 n-9) and palmitooleic
(C16:1 n-7) at 42.2-46.9% and 3.9—4.0%, respectively. The yolks of eggs obtained
from laying hens fed a 25% rye diet were characterised by a higher share of acids —
palmitooleic (from 1.06 to 1.2%), oleic (from 42.2 to 46.9%) and vaccenic (from 3.7
to 4.2%) — in comparison with the control group.

The sum of MUFA increased along with the dietary rye level. In the ®-3 fatty
acid group, along with the increase in dietary rye level, a significant increase in the
levels of docosapentaenoic (from 0.03 to 0.05%) and docosahexaenoic (from 0.43 to
0.61%) acids was observed, while a significant increase in a-linolenic acid content
(from 0.34 to 0.43%) was recorded only in groups of hens receiving the 25% rye
diet. These changes resulted in an increase in the share of -3 acids in egg yolks of
hens fed with rye from 0.9 to 1.2%. In contrast, in the -6 fatty acid group, there was
a significant reduction in the levels of linoleic (from 11.33 to 10.12%), y-linolenic
(from 0.06 to 0.04%), adrenic (from 0.05 to 0.04%), and osbond acids (from 0.13
to 0.08%) and a statistically insignificant reduction in arachidonic acid (from 0.98
to 0.86%) and this resulted in a reduction — from 12.6 to 11.2% — in the proportion
of -6 acids in egg yolks of laying hens fed with rye. These changes influenced the
®-6: ®-3 ratios, which in Groups I, II and III were, respectively, 14.3:1, 11.4:1 and
9.6:1.
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Table 7. Mono- and polyunsaturated fatty acids in egg yolks of laying hens fed with 0%, 15% and 25%
dietary rye levels

. Group I Group II Group 11
Systematic name

mean SD mean SD mean SD
9-tetradecenoic Cl14:1 n-9 0.04  0.01 0.04 0.01 0.03 0.01
9-hexadecenoic C16:1 n-9 1.06a 0.08 I.11ab  0.08 1.16b 0.01
9-hexadecanoic Cl16:1 n-7 3.89 031 3.88 0.29 3.98 0.38
9-heptadecenoic C17:1 0.08  0.01 0.08 0.01 0.07 0.01
9-octadecanoic Cl8:1n-9 4222a 494 4565ab 3.65 4693b 0.29
11-octadecanoic C18:1 n-7 3.69a 0.27 393ab  0.32 417b 0.11
9-eicosenoic C20:1 0.09  0.01 0.10 0.01 0.10 0.01
z 51.04 54.69 56.44
9,12,15-octadecatrienoic Cl18:3n-3 0.34a 0.05 0.36a 0.05 043b 0.16
8,11,14,17-cicosatetraenoic C20:4 n-3 0.04 0.01 0.03 0.01 0.03 0.01
5,8,11,14,17-eicosapentaenoic C20:5n-3 0.01 0.01 0.01 0.01 0.02 0.01

7,10,13,16,19-docosapentaenoic  C22:5 n-3 0.03a 0.01 0.04 b 0.01 0.05¢ 0.01
4,7,10,13,16,19-docosahexaenoic C22:6 n-3 0.43a 0.07 0.50b 0.07 0.61 ¢ 0.02

Y o3 0.88 0.97 1.17
9,12-octadecadienoic Cl182n-6 11.33a 143 9.88 b 0.69 10.12b 0.24
6,9,12-octadecatrienoic C18:3 n-6 0.06a 0.01 0.05b 0.02 0.04b 0.01
8,11,14-eicosatrienoic C20:3 n-6 0.05  0.00 0.05 0.01 0.05 0.00
5,8,11,14-eicosatetraenoic C20:4 n-6 0.98 0.16 0.97 0.11 0.86 0.04
6,9,12,15-docosatetracnoic C22:4 n-6 0.05a 0.01 0.05a 0.01 0.04b 0.00
4,7,10,13,16-docosapentaenoic ~ C22:5 n-6 0.13a 0.02 0.10b 0.01 0.08b 0.02
2 0-6 12.60 11.10 11.19
®-6/ »-3 14.3:1 11.4:1 9.6:1

a,b,c — Different letters in a row indicate statistically significant differences at P<0.05; SD — standard devia-
tion; n=12.

Discussion

As rye is often a price-attractive cereal, it would be beneficial to incorporate it
into the hen diets at a level higher than that usually used, 10%. This would enable
commercial egg production to reduce production costs, mainly by lowering feed
costs, which is the dominant cost. The quality of the final product is extremely im-
portant, especially when considering the production of foodstuffs such as eggs. Thus,
it is always crucial to examine the effects of nutritional modification on the proper-
ties of eggs, mainly on those connected with consumer health. While rye is still not
a popular component of poultry diets, our data indicate that rye does not lead to
a deterioration in the quality of eggs, even at a 25% dietary level. The egg weights
were not statistically affected by rye-containing diets, similar to previous studies by
Lazaro et al. (2003) or Smulikowska et al. (1997) where even higher dietary levels of
rye were used, i.e. 35% or 30%, respectively, when measured in hens aged 44 weeks
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or older; however, a slight numerical improvement in egg weight was noted in rye-
receiving groups. Similarly, in the study by Pan et al. (1998) rye-fed hens laid bigger
eggs than wheat-fed hens and this effect was statistically confirmed, although the rye
was incorporated into the hens diets at the level of about 65%. According to Calik
(2011) and Krawczyk (2016), the mass of eggs depends not only on the age of the
laying hens and their genetic predisposition (large or small eggs independent of body
weight), but also on environmental factors (type of breeding and feeding). The high
share of white in Group III (56.5%) and the small egg yolk (28.7%) confirmed the
observations of Biesiada-Drzazga and Janocha (2009) as well as Lewko and Gorno-
wicz (2016) that eggs with a higher mass are characterised by a higher share of white
and a smaller share of yolk — the white content in large eggs may exceed 60% of their
weight, depending on the type of feeding of the laying hens. Group II and III eggs
significantly differed in the mass of white and yolk. Shells represent the highest pro-
portion of egg weight in Group II eggs. The lower values of the Group II egg index
(76.5%) indicated a distortion in their shape along their longer axis and an increase
in the susceptibility of shells to damage (1.6 kg), although in most measurements of
physical egg quality undertaken in the present study only a little difference in meas-
urements was noted in response to the incorporation of rye into the diet. However,
there were important differences with respect to the colour parameters of egg yolks.
As reported by Galobart et al. (2004), the colour of yolks according to many consum-
ers determines the quality and suitability of culinary eggs, with yolks of orange col-
our being preferred. The simple ratio of yellow to red xanthophylls determines the
shade of yolk. Naturally, the yellow-orange colour of yolks is obtained by feeding
layers of fodder containing wheat and barley. The addition of maize or fodder con-
taining lucerne and clover provides a greater share of red colour (Dvorak et al.,
2007). In the present study, parameters a* and b* of the CIE L*a*b* scale showed
a significant decrease in the redness and yellowness of the yolks along with an in-
creasing dietary rye level (P<0.05). The yolks of hens receiving rye were also char-
acterised by an increase in lightness and a decrease in colour saturation. This may
have been caused by a decrease in the share of maize and wheat meal in the experi-
mental diets of layers in comparison with the control group fed with the largest share
of maize and wheat meal and characterised by the highest share of red and yellow in
yolks. It is worth emphasising that pale yolks in rye-receiving groups should not be
a problem because usually premixes used in commercial production are fortified
with pigments, while the premix used in the present experiment was free of any such
pigment. The lowest water content (53.4%) and the highest protein content (16.7%)
were determined in yolks of the control group (P<0.05). In the remaining groups, the
content of water and proteins was assessed as 54.8-55.5% and 16.1-16.5%, respec-
tively. According to Calik (2016), values above 53% of water indicate the migration
of water from protein to yolk and the beginning of ageing. The fat content in yolks
decreased with an increase in the share of rye in the feed. According to Calik (2016)
as well as Boro$ and Fra$ (2015), the chemical composition of yolk correlates with
the chemical composition of feed, so the reduction of fat content in the evaluated
yolks could be reduced by the share of maize and wheat cereals with a fat content of
about 4 and 2%, respectively, and an increasing share of rye with a fat content of
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1.6%. The lowest cholesterol content was found in the group receiving 15% rye in
the diet and this was determined at 10.6 mg/g. These values were lower than those
published in the literature on laying eggs fed with commercial fodder: 12.0 mg/g
(Siepka et al., 2015), or 13.9-15.5 mg/g (Sokotowicz et al., 2012; Calik, 2011;
Cieslik and Gebusia, 2011). The decreasing content of cholesterol in yolks could be
dependent on laying phase (Calik, 2016) and laying age (Sokotowicz et al., 2012).
When analysing the proportion of SFA, the obtained values of the predominant pal-
mitic and stearic acids were similar to those reported in the literature, i.e. 27.0% and
8.7% of these acids, respectively, in egg yolks of hens fed commercial feed (Grobas
etal., 2001). The tendency observed in the present study to reduced stearic acid con-
tent was explained by Siepka et al. (2015) on the basis of the limited share of maize
in the laying hens diet. The stearic acid content (30%) obtained in Groups I-III was
probably lower due to the smaller share of maize meal in feed compared to that in
studies published by other authors (60%), e.g. Watkins et al. (2001). The sum of SFA
decreased with the increase in the share of rye in feed and this amounted to 35.4%,
33.2% or 31.2%, respectively, in Groups I, I or III. For comparison, the sum of SFA
in Watkins et al. (2001) was 35.9%. A large amount of palmitic acid introduced with
animal raw materials to the human diet may lead to a significant increase in triglyc-
erides, LDL cholesterol and a slight increase in the HDL fraction, although it should
be remembered that the proportion of SFA in egg yolks is balanced by a large amount
of unsaturated acids (Siepka et al., 2015). According to literature data, stearic acid
has no effect on the cholesterol metabolism in the human body (Siepka et al., 2015).
When analysing the results of the analysis of unsaturated fatty acids in yolks, the sum
of MUFA (51.0-56.4%) recorded in the present study was in accordance with litera-
ture data (Grobas et al., 2001) concerning eggs obtained from hens fed with a com-
mercial mixture (51.9%). The increase in the sum of MUFA coincided with the in-
crease in the share of rye in the forage fodder. The differences obtained in this study
are more significant than in the case of enrichment with rape. The above authors
enriched fodder with rape but observed a slight increase in MUFA and a small de-
crease in SFA. PUFAs are very important from a nutritional point of view. From
a-linolenic acids C18:3n-3 (ALA) and linoleic C18:2n-6 (LA), as a result of carbon
chain elongation, are obtained acids important in maintaining the integrity of cell
membranes, the initiation of pro- or anti-inflammatory reactions, among others ei-
cosapentaenoic C20:5n-3 (EPA), docosahexaenoic C22:6n-3 (DHA), y-linolenic
C18:3n-6 (GLA), dihomo-y-linolenic C20:3n-6 (DGLA) and arachidonic C20:4n-6
(AA). In the -3 fatty acid group, along with the increase in rye content in the feed,
a significant increase in a-linolenic acid content and docosahexaenoic was observed,
along with a beneficial change in the -6 fatty acid group, in which a significant re-
duction in linoleic acid and y-linolenic content as well as a statistically insignificant
reduction in arachidonic acid were found. The reduction of the sum of ®-6 acids
positively influenced the w-6: ®-3 ratio. MUFA and PUFA can be included in one of
the necessary components of the daily human diet, but their effectiveness depends on
the ®-6: ®-3 ratio and the state of human health. The parent fatty acids of the -3
(ALA) and ©-6 (LA) family are not synthesised in the human body and most animals
due to the lack of desaturase inserting a double bond in the acid molecule at carbon
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3 and 6, counting from the methyl group; therefore, they must be delivered with
food. According to Surai and Sparks (2001) and Samman et al. (2009), the chicken
egg is an excellent source of ®-6 acids, mainly linoleic acid, but its content in yolks
(on average 9.9-11.3%), similar to ®-3 acids, depends on the laying hen’s diet. In
experimental Groups II and I1I, the share of rapeseed oil was increased, which could
be an important source of ®-3 acids. In the nutritional tables of European Union
countries, the ALA content in hen eggs ranges from 0.02 g (France) to 0.27 g (Ger-
many), LA from 0.89 g (Finland) to 1.5 g (Belgium), EPA 46 mg (Denmark) and
DHA from 107 mg (Finland) to 180 mg (Denmark). Polish tables for the composition
and nutritional values of food determine LA content at 0.70 g, ALA at 0.01 g and
DHA 0.08 g (Kubiski, 2012). Moreover, the results of the microbiological analysis
of the egg content did not reveal any growth of mesophilic microorganisms or bacte-
ria in any of the experimental groups that could threaten the safety of the raw mate-
rial, which indicates the hygiene of laying hens and egg resistance to microbial infec-
tions during formation in the fallopian tube, laying and storage.

In conclusion, the rye can be used up to the level of 25% in laying hen diets with-
out any deleterious effect on any of the examined egg quality parameters in compari-
son with the control group. The exception was the yolk colour where lower redness,
yellowness and higher lightness were found in the rye-receiving groups. Moreover,
the incorporation of rye into diets resulted in a beneficial, nutritional effect for con-
sumer health by changes in fatty acid profiles such as lowering the SFA proportions
and increasing the proportions of MUFA and PUFA as well as lowering the ©-6: ®-3
FA ratio as rye levels in the diet increase.
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