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Introduction

Maize is recognised as one of the most efficient 
energy sources for livestock, particularly within the 
poultry industry. However, its constantly increasing 
price due to its demand for feeding both humans 
and livestock (Bakhtiyary Moez et al., 2020) has 
led a number of researchers to investigate the use of 
alternative ingredients with lower production costs 
and assuring good bird performance. Triticale, 
a human-made crop resulting from the crossing 
between wheat and rye, distinguished itself 
with a low price and a resistance to dry weather 

compared to maize or wheat. This grain contains 
also a good protein level that might allow it to 
fairly replace maize in poultry nutrition. Cornejo 
et al. (1973) concluded that the triticale sample 
containing 15.3% crude protein was equivalent to 
wheat and maize and superior to barley. If locally 
produced, triticale may be less expensive and 
more environmentally friendly cereal to use in 
animal diets compared to imported cereals. Also, 
previous experiments indicate that triticale is 
a good substitute for maize in the diets of broilers 
(Rao et al., 1976; Reddy et al., 1979) and laying 
hens (Shafey et al., 1992; Franco et al., 2020). 

ABSTRACT. The study aims to investigate the effect of replacing dietary maize 
with 0, 50, 100, 150 and 200 g/kg of triticale on production performance, egg 
quality, yolk fatty acids, and blood variables when fed to laying hens. Five 
experimental diets were mixed to be isoenergetic and isonitrogenous and 
were fed to the layers for six weeks, from 22 to 28 week of age. Three hundred 
and sixty 22-week-old Hy-Line Brown laying hens were individually weighed 
and randomly allocated to 60 enriched cages giving six birds per cage, in an 
environmentally controlled experimental house. The cages were equipped with  
a laying nest, scratching area, metal feeders in front and two nipple drinkers 
inside. Each diet was fed to 12 cages following randomisation. Feed and water 
were available ad libitum throughout the experiment. Production variables 
remained unaffected by the diets containing triticale at various levels. Among the 
egg quality traits, egg yolk colour linearly decreased (P < 0.001) by dietary triticale 
inclusion. Dietary triticale did not have an impact on egg yolk fatty acid composition  
(P > 0.05). Apart from the glucose level, increasing in a linear fashion (P < 0.001) 
with triticale in diets, the rest of the studied blood variables did not respond  
(P > 0.05) to changes in dietary triticale. It has been concluded that 20% 
replacement of maize with triticale in laying hen diets did not have any detrimental 
impact on egg production variables and or the efficiency of production.
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When considering laying hens, some scientists 
investigated the possibility of using triticale in the 
production of eggs (Fernandez et al., 1973; McNab 
and Shannon, 1975; Castanon et al., 1990; Çiftci 
et al., 2003). They found that there was no signifi-
cant difference in productivity, even when the nutri-
tion of birds was based only on triticale. However, 
other reports (Leeson and Summers, 1987; Ebrahi-
mi et al., 2017; Bakhtiyary Moez et al., 2020) no-
ticed that higher proportions of triticale grain usage 
could decrease egg production. The contradiction in 
these reports shows that more research is needed to 
study the effects of higher inclusion rates of triticale 
in diets for laying hens. Moreover, most of the re-
search on triticale in poultry nutrition is done with 
broilers and only a few papers are focused on laying 
hen nutrition and the impact on egg production, egg 
quality and egg yolk fatty acid content. In addition, 
diets affect blood biochemical variables of poultry 
(Etim et al., 2014a), but information is lacking on 
the impact of triticale containing diets on hens blood 
parameters. Since blood biochemical variables are 
used to monitor the health of the animals, obtaining 
such information is of great importance. Therefore, 
the present experiment aimed to study the effect of 
maize replacement with different levels of triticale 
on layering hen production performance, egg qual-
ity, yolk fatty acid profile and blood haematology.

Material and methods
Experimental birds, housing and diets

Three hundred and sixty 22-week-old Hy-Line 
Brown laying hens were individually weighed and 
randomly allocated to 60 enriched cages (1205 × 
50 cm floor space; 67 cm height), giving six 
birds per cage, in an environmentally controlled 
experimental house. The cages were equipped 
with a laying nest, scratching area, metal feeders 
in front and two nipple drinkers inside. Feed and 
water were available ad libitum throughout the 
experiment. Each diet was fed to 12 cages following 
randomisation, from 22 to 28 week of age. The 
experimental diets presented in Table 1 were 
isoenergetic (11.72 MJ/kg metabolizable energy 
(ME)) and isonitrogenous (17% crude protein 
(CP)). To achieve a constant chemical composition 
of the experimental diets, the ingredients of the 
diets were used in different proportions. The 
triticale (cultivar Joseong) used in the diets was 
obtained from the Central Area Crop Breeding  
Division of National Institute of Crop Science 
located in Suwon (Republic of Korea) and was used 

to replace maize at 5, 10, 15 and 20%. The chemical 
composition of used diets, triticale and maize was 
determined as described elsewhere (Watts et al., 
2021) and is presented in Tables 1 and 2. 

Laying hens performance
The egg number was recorded daily while the 

egg weight was measured weekly during the ex-
periment. These data were used to determine egg 
production, feed intake and feed conversion ratio 
(FCR) for egg production for the entire study period 
from 22 to 28 week of age. The feed conversion ra-
tio for egg production was calculated as the amount 
of feed consumed per unit of egg weight at the end 
of the study after the six-week feeding period. 

Table 1. Approximate chemical composition and ingredients of the 
experimental diets and as-hatched nutrition specification for Hy-Line 
Brown laying hens

Indices Dietary triticale groups1

1 2 3 4 5
Ingredient, g/kg

triticale −  50.0 100.0 150.0 200.0
maize 605.9 554.9 508.4 462.2 423.6
soybean meal 236.7 240.4 238.1 237.5 234.0
maize gluten meal  26.9  21.5  21.5  20.2  18.8
wheat bran −   7.0   6.0   5.0 −
beef tallow  12.0     9.6   9.6   9.0   8.4
salt   2.9   2.3   2.3   2.2   2.0
limestone  93.3  94.1  94.1   94.5  94.7
calcium phosphate  18.8  16.7  16.5  15.9  15.0
choline chloride   0.8   0.8   0.8   0.8   0.8
vitamin-mineral 
premix2

  2.7   2.7   2.7   2.7   2.7

Calculated values
metabolic energy, 
MJ/kg

 11.72  11.72  11.72  11.72  11.72

crude protein, g/kg 170.0 170.0 170.0 170.0 170.0
calcium, g/kg  40.0  40.0  40.0  40.0  40.0
available phospho-
rus, g/kg

  3.6   3.6   3.6   3.6   3.6

lysine, g/kg   8.2   8.2   8.2   8.3   8.3
methionine, g/kg   3.6   3.6   3.6   3.6   3.5

Determined values 
dry mater, g/kg 
gross energy, MJ/kg
crude protein, g/kg
calcium, g/kg 
phosphorus, g/kg 

874.0
 14.0
168.0
 39.3
  3.3

877.3
 13.8
171.0
 38.5
  3.1

879.6
 13.9
169.0
 40.5
  3.5

876.1
 14.1
167.0
 37.4
  3.2

873.5
 13.7
166.5
 39.8
  3.4

1 triticale content in experimental diets: 1 – 0 g/kg, 2 – 50 g/kg,  
3 – 100 g/kg, 4 – 150 g/kg, 5 – 200.0 g/kg; 2 provided per kg/feed:  
µg: retinol 2 160, cholecalciferol 75; mg: α-tocopherol 25, menadione 
1.5, riboflavin 5, pantotenic acid 8, cyanocobalamin 0.01, pyridoxine 
1.5, thiamine 1.5, folic acid 0.5, niacin 30, biotin 0.06, iodine 0.8, 
copper 10, iron 80, selenium 0.3, manganese 80, zinc 80
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Egg quality
At the end of the study, 60 eggs (each from a dif-

ferent cage, 12 eggs per dietary treatment) from the 
last day of the study were collected to evaluate egg 
quality. After one day of storage, albumen height, 
Haugh unit, egg yolk and eggshell colour, eggshell 
thickness and eggshell weight were measured by 
using an egg multitester instrument (QSM-System, 
TSS, York, UK) as previously described (Pirgozliev 
et al., 2010; Whiting et al., 2019).

Egg yolk fatty acids
Concerning egg yolk fatty acid analyses, 25 eggs 

(5 eggs per dietary treatment) were randomly collected 
at the end of the experiment. The eggs were then 
broken into a Petri dish, the fresh yolk was separated 
from the albumen, well homogenised and used for the 
analysis. The yolks were analysed for the following 
fatty acids: saturated fatty acids (SFA): myristic acid 
(C14:0), palmitic acid (C16:0), stearic acid (C18:0) 
and arachidic acid (C20:0); monounsaturated fatty 
acids (MUFA): myristoleic acid (C14:1), oleic acid 
(C18:1n-9), vaccenic acid (C18:1n-7), paullinic 
acid (C20:1), eicosadienoic acid (C20:2) (PUFA); 
and polyunsaturated fatty acids (PUFA): α-linoleic 
acid (C18:3), dihomo-γ-linolenic acid (C20:3) and 
docosahexaenoic acid (C22:6).

The fatty acids in each treatment were deter-
mined by adding a 4:1 solution of methanol and 
benzene, and 200 µl of acetyl chloride to 0.5 g of 
egg yolk. The product mixing was heated at 100 °C 
for 1 h. After this, 2 ml of 6% potassium and hexane 
were added, followed by centrifugation (3 000 rpm, 
4 °C, 15 min) to obtain a hexane layer of fatty ac-
ids. Helium was used as the test gas and the split 
ratio was 30:1. The analysis was performed using 
gas chromatography-mass spectrometry equipment 
(GC-MS; 6890N-5973, Agilent Technologies, Santa 
Clara, CA, USA). Peaks were identified by compari-

son of retention times with those of the correspond-
ing standards of FAMEmix‐37 and FAMEmix‐C8‐
C24 (Supelco, Bellefonte, PA, USA). Amounts of 
fatty acids were expressed as a percentage (w/w) of 
total fatty acid methyl esters (FAMEs). 

Blood chemical analysis
At the end of this experiment, blood was col-

lected from 25 hens randomly selected from each 
dietary treatment (5 hens per dietary treatment). The 
blood samples were obtained from the brachial vein 
of 28-week-old birds as previously described (Kelly 
and Alworth, 2013). The collected blood was sepa-
rated from the serum using a centrifuge (3 000 rpm, 
4 °C, 15 min) and stored in a sample cup. After ar-
ranging the segment, albumin, aspartate aminotrans-
ferase (AST), alanine transferase (ALT), calcium, 
phosphorus, cholesterol, glucose, total protein and 
triglyceride were analysed using a full-automatic 
biochemical analyser (Automatic Biochemical 
Analyser, Konelab 20, Clinical Diagnostic (part of 
Thermo Fisher Scientific), Vantaa, Finland).

Statistical analysis
The observational unit was a cage with six 

birds. Statistical analyses were performed by Gen-
Stat (GenStat, 19th Edition, Lawes Agricultural 
Trust, VSN International Ltd, Oxford, UK). The 
data were analysed by ANOVA with a random term 
block and a fixed term treatment. Polynomial con-
trasts were performed to test for linear (L) and qua-
dratic (Q) relationships between triticale inclusion 
rate and the variable in question. A protected LSD 
test was used to separate differences between means 
if statistical differences were evident (P < 0.05) and 
trends were noted when the P-value was about 0.1.

Results 
The analysed chemical composition of the ex-

perimental diets is shown in Table 1. The protein 
and Ca contents were within the expected range. 
The determined composition of triticale and maize 
is presented in Table 2. Maize was slightly higher 
in fat and gross energy although triticale contained 
slightly more protein, crude fibre and minerals.

Table 3 shows that triticale inclusion in the re-
placement of maize had no effect on layer perfor-
mance during the overall period of the experiment  
(P > 0.05). Concerning the egg quality, the main 
parameters (shell colour, albumen height, Haugh 
unit, shell thickness, and shell weight) remained 
unaffected by triticale in the diets (Table 4).  
However, the yolk colour was progressively re-

Table 2. Experimental triticale and maize chemical composition1

Indices Determined values
triticale maize

Dry matter, g/kg 883 890
Gross energy, MJ/kg  15.76  16.50
Crude protein, g/kg  97.9  83.2
Crude fibre, g/kg  25.1  23.4
Fat, g/kg  14.8  38.7
Ash, g/kg  17.6  11.4
Calcium, g/kg   0.93   0.30
Phosphorus, g/kg   3.80   2.80
1 triticale was from cultivar Joseong and the maize sample was ob-
tained from the market
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duced by triticale. Indeed, there was a linear re-
sponse of yolk colour to triticale in the diets  
(P < 0.001). Overall, the maize replacement with 
triticale levels of 5, 10, 15 and 20%, linearly  
decreased the control yolk colour by 7.59, 6.45, 
15.18 and 20.87%, respectively. The egg yolk fatty 

acids were not impacted by the different percent-
ages of triticale in the diets, even though a tendency 
for a quadratic response (P = 0.052) was observed 
for egg yolk C18:3 content for triticale inclu-
sion (Table 5). Except for glucose, the other blood  
biochemical variables were not significantly influ-

Table 3. Effect of maize replacement with different triticale levels on layers production performance from 22 to 28 week of age

Indices Egg production,  
%

Egg weight,  
g

Feed intake,  
g/bird/day

Daily egg 
mass, g

Feed conversion ratio, 
kg/kg

% of maize replacement with triticale
 0 94.44 55.45 102.95 52.35 1.966
 5 94.11 55.61 102.32 52.34 1.956
10 95.24 55.52 104.32 52.88 1.974
15 94.74 56.18 103.93 53.22 1.954
20 93.78 55.55 103.22 52.08 1.982

SEM  0.838  0.394   0.819  0.405 0.0152
P  0.771  0.698   0.468  0.313 0.667
L  0.797  0.546   0.419  0.795 0.547
Q  0.374  0.579   0.417  0.128 0.501
SEM – standard error of mean, P – significance between treatments determined by ANOVA, L – linear effects of added dietary triticale activities, 
Q – quadratic effects of added dietary triticale activities

Table 4. Effect of maize replacement with different triticale levels on egg quality parameters

Indices Shell colour,  
L*

Albumen height, 
mm

Haugh  
unit

Yolk colour,  
L*

Shell thickness, 
mm

Shell weight,  
g

% of maize replacement with triticale
 0 23.27 9.72 98.71  5.27a 0.421 5.56
 5 23.40 9.97 99.79  4.87b 0.416 5.55
10 22.60 9.54 97.58  4.93ab 0.435 5.84
15 24.13 9.92 99.47  4.47c 0.430 5.61
20 23.60 9.60 97.96  4.17c 0.428 5.68

SEM  0.709 0.163  0.734  0.135 0.0060 0.0952
P  0.653 0.256  0.163 <0.001 0.201 0.196
L  0.533 0.589  0.436 <0.001 0.141 0.305
Q  0.707 0.609  0.700  0.509 0.422 0.318
SEM – standard error of mean, P – significance between treatments determined by ANOVA, L – linear effects of added dietary triticale activities, 
Q – quadratic effects of added dietary triticale activities;  a–c – means in each column with no common superscript are significantly different at 
P < 0.05

Table 5. Effect of maize replacement with different triticale levels on layers egg yolk fatty acid composition, %

Indices C14:0 C14:1 C16:0 C18:0 C18:1n-9C18:1n-7 C18:3 C20:0 C20:1 C20:2 C20:3 C22:6 ∑SFA ∑MUFA ∑PUFA ∑UFA
% of maize replacement with triticale

 0 2.79 0.35 28.85 9.17 44.86 12.75 0.39 0.05 0.17 0.12 0.25 0.20 40.85 58.16 0.99 59.15
 5 3.15 0.36 28.29 9.17 43.28 14.56 0.38 0.05 0.19 0.11 0.25 0.23 40.64 58.39 0.97 59.36
10 2.49 0.37 29.09 9.38 44.51 12.91 0.46 0.06 0.19 0.15 0.27 0.14 41.02 57.98 1.00 58.98
15 2.56 0.43 29.78 7.45 45.83 12.66 0.49 0.07 0.18 0.14 0.23 0.19 39.86 59.10 1.04 60.14
20 2.63 0.39 29.18 8.94 45.30 12.36 0.42 0.06 0.18 0.13 0.24 0.19 40.81 58.22 0.97 59.19

SEM 0.300 0.030  0.576 0.863  1.113  1.157 0.030 0.018 0.017 0.026 0.021 0.044  0.826  0.823 0.075  0.826
P 0.426 0.502  0.494 0.526  0.574  0.692 0.086 0.716 0.934 0.845 0.634 0.707  0.873  0.890 0.963  0.873
L 0.280 0.415  0.252 0.435  0.344  0.472 0.092 0.356 0.826 0.670 0.413 0.431  0.747  0.756 0.887  0.747
Q 0.876 0.884  0.930 0.794  0.607  0.520 0.174 0.647 0.461 0.553 0.564 0.558  0.801  0.826 0.917  0.801
SEM – standard error of mean, P – significance between treatments determined by ANOVA, L – linear effects of added dietary triticale 
activities, Q – quadratic effects of added dietary triticale activities; ∑SFA – saturated fatty acids, ∑MUFA – monounsaturated fatty acids,  
∑PUFA – polyunsaturated fatty acids, ∑UFA – unsaturated fatty acids
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enced (P > 0.05) by triticale incorporation in the 
diets (Table 6). The blood glucose level linearly 
increased (P < 0.001) with the increase of dietary 
triticale. 

Discussion
The replacement of maize with various triticale 

levels did not influence the layer’s production per-
formance over the experimental period. These re-
sults support those of Hermes and Johnson (2004), 
suggesting that the inclusion of up to 30% triticale 
in layer diets does not significantly influence feed 
consumption, egg production or egg weight. More-
over, several reports showing the possibility of using 
triticale for egg production (Fernandez et al., 1973; 
McNab and Shannon 1975; Castanon et al., 1990; 
Çiftci et al., 2003; Franco et al., 2020), concluded 
that there was no difference in productivity, even in 
the case when the nutrition of hens was based only 
on triticale. In another experiment by Jamroz et al. 
(2001), testing the effect of different cereals on lay-
ing hen performance, it was reported that the whole 
replacement of wheat-based diet by triticale as the 
main energy source had no significant incidence on 
laying rate, feed conversion ratio or egg mass. How-
ever, research with quails (Ebrahimi et al., 2017; 
Bakhtiyary Moez et al., 2020) showed that replac-
ing wheat or maize with triticale at high proportions 
(between 50 and 100%) led to a reduction in feed 
intake and egg production. Indeed, compared to 
wheat and maize, triticale contains high amounts of 
soluble arabinoxylans and total non-starch polysac-
charides (NSP), thus its excessive dietary inclusion 
could reduce feed consumption, nutrient availabil-
ity and bird performance. Also, compared to laying 

hens, quail have a smaller and less developed gas-
trointestinal tract (Hassouna, 2001) that may not be 
able to process high amounts of dietary NSP, which 
may further explain the better use of dietary triticale 
by laying hens.

In addition, the divergences in findings with lay-
ing hens could be due to the varying levels of fibre 
in triticale varieties. Indeed, new varieties of triti-
cale with lower anti-nutritional factors have been 
grown, improving both its yield and nutritive value 
(Boros, 1999; Bielski et al., 2015). The triticale used 
in this experiment was from cultivar Joseong, which 
is characterised by having a relatively low fibre con-
tent (25.1 g/kg), which supports the observed lack of 
changes in productive performance when replacing 
maize in the diets. From these results, we can advise 
that triticale can replace up to 20% of dietary maize 
in laying hens diet without causing any negative ef-
fects on production. 

Feed accounts for about 70% of poultry produc-
tion cost (Spring, 2013), thus even a small reduction 
in dietary cost would increase production efficiency. 
According to Agro-Market24 (2021), the advertised 
price of maize is 286 $/t and for triticale 173 $/t. 
A replacement of 20% maize with 20% triticale in 
the experimental diets of the present study would 
reduce cost by approximately 17 $/t. When locally 
produced, dietary incorporation of triticale would 
bring further environmental benefits, since less 
transportation will be needed.

Egg quality is recognised as an important variable 
in the food industry. It is determined by particular 
criteria reflecting morphological, chemical, physical 
and organoleptic aspects (Ledvinka et al., 2012). 
The results on egg production and quality are in 
agreement with published literature. Research by 

Table 6. Effect of maize replacement with different triticale levels on blood biochemical variables

Indices Albumin, 
mg/dl

Calcium, 
mg/dl

Phosphorus, 
mg/dl

Cholesterol, 
mg/dl

Glucose, 
mg/dl

AST,  
IU/l

ALT,  
IU/l

Total protein, 
mg/dl

Triglyceride, 
mg/dl

% of maize replacement with triticale
0 1.97 26.0 5.2 116.5 197.4b 160.3 2.28 5.88 1490
5 1.89 24.1 4.4 115.4 196.8b 152.6 1.34 5.35 1397
10 1.96 26.2 4.8 106.8 214.4ab 172.4 1.78 5.66 1279
15 1.98 26.1 5.3 110.4 229.8a 175.8 1.77 5.85 1231
20 1.93 25.9 5.0 126.7 226.1a 173.8 2.09 5.60 1437

SEM 0.044  1.379 0.364  11.94   5.87   8.30 0.737 0.166  257.2
P 0.624  0.794 0.444   0.809   0.001   0.249 0.916 0.200    0.947
L 0.880  0.693 0.721   0.690  <0.001   0.070 0.978 0.904    0.743
Q 0.990  0.811 0.376   0.307   0.709   0.872 0.463 0.485    0.496
C 0.142  0.357 0.102   0.601   0.058   0.226 0.656 0.025    0.736
AST – aspartate aminotransferase, ALT – alanine transaminase, SEM – standard error of mean, P – significance between treatments determined 
by ANOVA, L – linear effects of added dietary triticale activities, Q – quadratic effects of added dietary triticale activities; C – significance between 
the versus all the diets containing triticale determined by comparisons contrast tests; ab – means in each column with no common superscript are 
significantly different at P < 0.05
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Karunajeewa (1978), Castanon et al. (1990), Çiftci 
et al. (2003) and Hermes and Johnson (2004) also 
found that triticale inclusion had no effect on albumen 
height and egg thickness but significantly decreased 
egg yolk colour intensity. Triticale has been reported 
to contain a low level of carotenoid (Karunajeewa, 
1978; Castanon et al., 1990) resulting in paler yolks. 
Nevertheless, 5 to 20% of maize could be replaced 
with triticale in the diet without major incidence on 
egg quality.

The result on egg yolk fatty acid profile are 
in agreement with published reports (corroborate  
Karunajeewa and Tham, 1984; Shafey et al., 1992; 
Franco et al., 2020). Research by Karunajeewa and 
Tham (1984) found that triticale had no significant 
influence on yolk lipids except for palmitoleic acid 
(C16:1n-7). On the other hand, Shafey et al. (1992) 
found that triticale-based diets increased yolk lin-
oleic acid (C18:2) concentration and decreased yolk 
oleic acid (C18:1) level. The higher inclusion of 
triticale in the previously mentioned trials (50 and 
100%) might be the cause of differences observed 
comparatively to our study (5 to 20%). Our results 
showed that the replacement of maize by triticale 
inclusion of up to 20% in the diet had no significant 
influence on egg yolk fatty acids.   

Blood plays a vital role in the physiological and 
nutritional status of animals and its inspection pro-
vides the opportunity to check the presence of me-
tabolites and other constituents in the body (Etim 
et al., 2014b). Apart from the glucose level, the other 
blood biochemical variables remained unaffected by 
the presence of triticale at various levels. In a broiler 
study, Zarghi and Golian (2009) found similar results 
for triglyceride and cholesterol. The opposite to our 
findings, the same authors (Zarghi and Golian, 2009) 
suggested that the replacement of maize by various 
triticale levels (25, 50, 75 and 100%) did not influ-
ence glucose concentration in blood. Furthermore, 
Ebrahimi et al. (2017) noticed that different levels 
of triticale incorporation in the quail grower diet had 
a significant effect on the serum concentration of 
triglycerides. These diverse results might be attrib-
uted to the chemical composition variability among 
the triticale varieties used in those experiments. The 
specific metabolism of birds used in each experiment 
could also explain the differences between the results. 
While the effects of triticale on layers blood biochem-
ical variables are not well understood due to a lack 
of investigations on this topic; nevertheless, we can 
suggest that replacement of maize by triticale at the 
level of 20% in layers diets will not have a detrimen-
tal impact on blood biochemical variables. 

Conclusions

In conclusion, the replacement of maize with up 
to 20% triticale in laying hen diets did not impact 
the productive performance of the birds throughout 
the entire study. Triticale had no significant effect 
on the main egg quality variables but significantly 
decreased egg yolk colour intensity. The egg yolk 
fatty acid content and the majority of blood chemical 
constituents remained unaffected by the diets 
containing triticale. Only glucose concentration in 
the blood was significantly higher for hens fed diets 
containing a higher inclusion of triticale. Thus, it 
can be concluded that 20% replacement of maize 
with triticale in laying hen diets did not have any 
detrimental impact on egg production variables 
or the efficiency of production. However, further 
research involving higher dietary inclusion rates of 
triticale in laying hens diets is warranted. 
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