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Introduction: Cereal grains are the main source of energy in poultry diets. Energy from
cereal grains is primarily derived from highly digestible carbohydrates, with a small
contribution from the fat they contain. Therefore, depending on the energy level of the diet and
the animal's needs, cereal grains usually account for a significant portion of the total poultry
diet and always have a significant impact on the cost of poultry farming. On the other hand,
among cereal grains, corn grain is more widely used in poultry nutrition than other cereal grains
due to its high energy content and digestibility. Due to human consumption and the limitations
of corn cultivation in Iran, such as water supply, climatic conditions, and soil type, it seems
necessary to replace corn with other feedstuffs in order to provide energy in poultry diets. One
of these grains is triticale, which can be used as an alternative cereal in poultry diets. Triticale
is a hybrid of wheat and rye. Its potential wheat characteristics combined with rye's robustness
make it adaptable to difficult soils, tolerant to drought and cold. Furthermore, triticale is a
suitable source of energy (3200 Kcal of ME) and also has a higher protein percentage than corn
(14% compared to 9%). This makes it a suitable alternative for a major portion of corn and
soybean meal in poultry diet composition. Therefore, the aim of this study was to investigate
the effects of replacing corn grain with triticale in the diet on the performance, qualitative traits
of eggs, and some biochemical parameters of blood serum in breeder Japanese quail.

Materials and Methods: A total of 288 mature breeder Japanese quails (Coturnix coturnix
japonica) were purchased at 6 weeks of age and transferred to the research farm. The breeder
quails with the same average weight (240 birds) were placed in 12 groups (3 males and 9
females) in each experimental unit (cages measuring 35x70 cm). The experimental period was
7 weeks, with the first 2 weeks dedicated to habituation and the remaining 5 weeks focused on
collecting experimental data. The experiment was conducted using a completely randomized
design with 5 treatments, 4 replicates and 12 quails in each experimental unit (3 males and 9
females). The treatments were as follows: 1) control group based on corn grains and soybean
meal (without triticale grains), 2) replacing 25% of corn grains with triticale, 3) replacing 50%
of corn grains with triticale, 4) replacing 75% of corn grains with triticale, and 5) replacing
100% of corn grains with triticale. Performance parameters, egg quality traits, hatchability, and
fertility of eggs were all calculated. At the end of the experimental period (13 weeks) blood
samples were taken from two birds from each experimental unit and serum lipid concentrations
were measured.
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Results and Discussion: The results showed that replacing corn grain with triticale up to
50% had no significant effect on egg production, feed conversion ratio, egg mass, and the cost
of one kilogram of quail eggs produced. However, higher levels of replacement significantly
reduced egg production and egg mass produced and increased egg production cost (P<0.01).
The researchers stated that there is a clear relationship between albumen (egg protein
component) and egg weight. Triticale has also been reported to contain a relatively high protein
level (between 10.5 and 14.6%). Therefore, the increase in egg weight with the progressive
inclusion of triticale might be due to the high protein levels of triticale compared to other cereal
grains. In the present study, the control group and replacement of 100% corn grain with triticale
had the highest and lowest yolk color index, respectively (P<0.01). Given the role of pigments
in corn grain and the decrease in their levels in diets containing high levels of triticale, the
decrease in yolk color index is understandable. Replacing corn grain with triticale up to 75%
did not have a significant effect on total hatchability. In the current study, replacing corn grain
with different levels of triticale did not have a significant effect on serum lipid parameters of
breeder quails at 13 weeks of age.

Conclusion: In the present study, replacing corn grain with triticale up to 50% did not affect
egg production, feed intake, egg mass, the cost of one kilogram of quail eggs produced, fertility,
hatchability, and most egg quality parameters. Therefore, replacing triticale grain up to the
mentioned level without using enzymes in balanced diets of breeder quails is possible and
recommended.

Keywords: Triticale, Egg quality traits, Blood parameters, Hatchability, Breeder Japanese
quail
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Jae s plol ao s 0 Jleis! o p3 4SSl (glaiels win g0l 5 ooliul b laosls pSile dulie 8,5 )3

'~ Rhosh



Yik=p+ Aj+ gjj
D Lialejl s 5185 ¢ Hle 1A cmsls 1Sko 1l odnlin ya Hlade :Yijk (5gd abail,y

3)90 3 Nes Clao 4y ol § Sibdtogy il 055 L0yd 5 (Spae Sy Clav ja 4 Giaoh ol
P Mg 030 25 5hS S dje g Mg 039 0398 (e hAS o pd (o3 Mg ko) (o3 g Jeld 2Ll
S 5 psbr (Vgiz) (P<e/)) 28,5518 inlojl (slajless p3b cou ((Saim WL V) ialojl 0y bl
G ) SMIP 035 0 el 4 oo Aol 09,5 L dualiie 3 103 VO e Al 5 b )b ally (S0l
LiblS 4 e aali 09,5 b duolis (o Al 5 by &l (shopd Ve v 030l Lol s (5,5 VYAY lyy0 VY/F
J by ol Lg/uﬂjlm 2 ol .(P<~/~\) A5 (p) S VYNY by 30 VWAA) (o yil 056 (59 (61 sixe
Ssne Sl 055 Moi g Shed b cupd Sh Gpae p Oglite laayg b Al 5 b iliss gglau
o 5 Sl s 4 6 pobds 18,8 )8 oy oS 5y Al 5 &l Cilises palaw il Cov @59 59 Lol wuil
(Poaty Ditengou et cuils 335 Jl38 556 (slag po 10 & 0w (yjg 5 Al 5 Mo yd (po ude (Sued &S Do
23 dgg (Sudly dasly (55 59 5 (055 (i 13zl 5) W}J\ O &S 00,8 by ldise e .al., 2024)
VIS B N/0 o) onen VL s golaw (sols s 5 a8 bl 51 (Silversides and Budgell, 2004)
0y S 5 0 A 5 Al (ool S b 655 59 il (opl el (Dennett et al., 2013) cuwl (1s)s
(Poaty wsly 35l M | duglin 1 WSt )3 g s (Vb s oy sl (30 8 056 5055 STys
Ditengou et al., 2024)

Qb 5l edlatwl ) Cudgizme (pl ju e had o s 9 (I8 50 o pd Slas dyge D ¥ Joio il Billas
5oy O e [ S 5 b 3l i3l cglno e b ol 4y (cloog S 45 ()bt acuils Sy Aty 5
Lials sl (Ao y Vev o VO) WSz yi b oy il 3l YL proas Lol cdizals amlis oy b ()l sixe coglis
£S5 S G Al ia g (gdgi v35 0397 (P<+/+ V) s olie bas cops (eode Linli8l g (6105050 o yd by ixe
Lol ol s ol oy b (ol sime glis oy B+ prlaws b Sty 5 il s ols b 55 o eyl o350
B Ui 1) (plegs BOVYY) (s (yrpaly 055 )5 9kS G M5 (6l djo oy

by pasS ool o ol i JIS055 (il 53 0 plo] Cliiod (il g, 2ol | guse
duolio )3 bl 13 3985 0 155 Mg 5 STyed e yidlS & e (AVer B0 ) YU clacas ,» A0 5
ol ol (glatalispd sloy Sl o IS g Jglome (slapMligial )l (s2b; palie (sol> ISt 5 )3 9 paiS L
and a1y ok y 5,Sles g (gdie dlgo 4y wyiwd «STygd Cran Ml o lAE w35y 0 ol a5l i o 8lbuS
(Abdel Wahed, ),Ken ¢ sl jings > (Bakhtiyari Moez et al., 2020 &7+ VY (o), Son 5 ounl )
Ceite (o5 N850 sla s il ops 3 S A b o yd Fe e U A 5 alb 0350 o etal., 2010)
Mo (gl polde p YL 55 K0 gladllas o il sald Hlos b anslde o 1) (oolaidl 005l oy YL g 5,Slas
3 odlisl a1 08 ()15 wajusl w2l pySokS 53 205 ) bolya ()3 &l foes 20y FV) 0 JS 200 ¥



el 55 w229l w2l pySokS 53 2,5V bolye ()3 il o o yd Vo) oy IS o yd £ e b IS 5 il
, (Guclu, 2003) 34; 5550 Mg 3,Sdos 3900 sl el b A5 aily woyd Fo il ookl Lol g ply
ald xS oS winhy Ui liise plo (Lim et al., 2021) cuslss Ji8x50 sy sidyi 5, Skas p (b
g e 3 ©59 ()jg 9 055 Mg STy By ()l e S (IS 055 0)93 052 3 Mo 3 e s b Al
G ye 0y & Al 5 by 39380 45 65,8 Lo o), SKimg 3y .(Hermes and Johnson, 2004) » )l 138 w50
5 Soy ey HB b M plo (S Sl lsisd 4 g adgl (5l e Clgied 4 IS e58
OHSen 5 adla iagd > (Jamroz et al., 2001) 5)ls wlgi 5 056 0395 «STyed bl o pud (5 )38 50
S o 00 13 ald 09,5 b dwslie ;0 I 5 L )d Al sho VO L5355 5 (Hashemi et al., 2016)
psS ONF ply 3 OV) 10 055 (39 o3 OFIA 2l 13 84) (515055 (liae 13 (5l ime Cglds IS5 oy
U)‘)"L" c.))g)' 3[70‘ (\”/V' ).g‘).g ) \H/;'Y) u.,l.x:. JJJ» wf.o 9 ()9)/&)40 P)f \Raile ﬁ]ﬁ 2 \’Y/‘c) Jl)? «_9).;.49
b il obaw bl Wlg5 o 5055 o e (63,Slos claaitl zls ) gl &8 13,5 by i
03> hygp yieS slads ws Jolse b Al 5 olS 1 (i glgil 09 50) il B yae A 5wl glgil jo
- oidgs 81 bt IS jgbas (Lim et al., 2021) suiso o 390 1y o (SIBE (55,] o 9 3,Sos o 45 Silos
oy de mpuw b g > aily (glody Al 5 ails (o3 Voe) JolS (0301 oo glgil 0 53 0l 5L (glo
e fad oo M SN o Rdegg WS el dpogi (99, Sles s et ) ol b S il ey
ol ieS (sdao dlge b bLoyl o 1) cyd &b b dunlie p3 it 5 il b 0 bodd 405 2865 (slads o>
Colon ¢ Jolone slagligiy) dlSn s &y )3 (lads pae dlge (39 SYL L 5 3k dlge wan CulB (g
(Vieira et al., 1995; Zarghi and 15,5 lgie )3 &l b dwnlie )0 (0o (900 g Oy 5 (slo0aS
oo b dunlio ;0 () ab 4l ) dali o s (glp syl pin bl polie (5158 yusen Golian, 2009)
D55 ol Slgiome 4355Sy (3l Woar Al g losle puiS g e M (VU sk iRl L
.(Bakhtiyari Moez et al., 2020; Lim et al., 2021) >4 o

(u_i..m WU V) @ail.o)] 0,93 J9.|o 5 \.m).,? dladl &l)lf 3)5])_3 ) Lg.\).ilo.c Slaw w.f;t..a » WLQ)‘ dLh)Lo.:J ).:l -y Jg.\:-
Table 3- Effect of experimental treatments on average performance traits, and estimation of economic efficiency
of diets during the experimental period (7 to 13 weeks)
lejl (slylos

Experimental treatments

s A5 V0 Ay 0. Al 5%V K&;}
lo sl Control 25% 50% 75% 100%
Items triticale triticale triticale triticale SEM P-value
(255) 55 O3jo 12.13° 12.36? 12.23° 12.40° 11.88¢ 0.017 0.001
Egg Weight (gr)
(%) 6,138 655 oo 90.592 89.172 88.612 80.84° 80.78° 0.443 0.001
Egg Production (%)
(%) ased oy yils w55 0.39 0.22 0.14 0.68 0.45 0.073 0.145

Quail eggs without
shell (%)



(1) S'3b atmgy oy ydls o5 0.20 0.55 0.05 0.53 0.23 0.078 0.185

Thin shell quail eggs

(%)

(9505l p,5) Slyss Cbyas 25.42 25.28 25.25 25.33 25.12 0.075 0.797
Feed Intake (g/bird/d)

e bas cops 3.16° 3.13° 3.18° 3.50° 3.652 0.022 0.001

Feed Conversion Ratio
(95/0% plp,5) w55 0355 10.992 11.032 10.842 10.03° 9.60° 0.057 0.001

Egg mass (g/bird/d)
W5 pSekS Ky ulg agmt  49597° 48876P 49028° 541732 55771*  344.824  0.001

(Olog) cr il

“The cost of producing
one kilogram of quail
eggs (Toman)

P<0.05) x5l (sl sine M3 apliio e gy (sl (slapSilo cindy o 1> #C £,k 5 kil sl :SEM
Gl VFOV yo0 00 )0 gy plodl loj (slaciasd bl 4355 4 5o dusle®
SEM: Standard error of the mean; @¢: Means with different superscript within the same row differ significantly (P<0.05).
*The cost of nutrition was calculated based on prices at the time of the research in August 2022.

o 3l 55 S Sl

W o g oinlojl (olao s b ok 4355 Wgo sla e i 055 a8 Olas 1 SSke 5 um)‘..o)‘ slayles ).ub
dalg Jold s yals 050 S sl yasls oS oy LS pols Giegh ol cwl odds ool LS Y Jods o Sian
Lol 8,55 51,8 aiulojl (slaylowi pili con S (asli ¢ diwg Culud )] § odshuw Coms gy Cand el
3l cou iolojl slroys 5 @) ail loa Ao 5 aily Gilise ohaw Sl b ody; S5y asls
oials el oy 50 @b aily sloa Al 5 4l 1o )3 YO 5l 5YL zobaw (o030l &S g9t (P<o/4Y) 8,5
(FINQ 5 0/5Y s i) 035 ) (as bl opyieS 5 oy ey b Aol 09,5 b dunlio )3 03,5 SOy asld )b bxe
Dgr Al 5 b Oy Al aopd Ve e (Sl b jles g ol jle b odd 40 (slrog S 4 by

S5)) Ex0 6595 CutsS ol 4 basye Lol sla 23lis js(Limetal., 2021) ) Sen g o (i) @illas
83,5 5y Lol i8,K5 )18 bno s 50 Sty 5 3l v (Aiwgy (59 9 diwgy Caolesd gl dolg odpinn £l )| gy
03)) Sy jl (talS (s Gy o @Bly > il il oy S 5 > Al 5 s (19381 b gu e Epe 055
&b 3Kk 5 (Hashemi et al,, 2016) L)San 5 adla ingh @illas .Cudld dgng oy > A 5 4
2,55 bl sals Hlews b inlejl (olaylod cp oduier i) g gl dnly gy plSovinl Jols a8 (sl jadls
2l Hles 3l (gl pme jobody 03,5 KUy (el IS 5 Al o D VB 95+ (gols (slroys b odd aiss lE ey
Gilizo gohaw il Cot §p @59 035 Ky &S W5 asuie 5l (D wizmen g ol bjlas plo g
Olis Bl (s 9o 03)5 STy (ST oy 3 Al 5 ol BRI a5 (yebas sl 4385 )13 Al 5
2 A5 4l jl eslitul L5 pas il imgh s b s3les ,» (Poaty Ditengou et al., 2024) cuwl o3l
Abdel) cusl oad (5155 oo Gliie plo bawg Ere 155 L 5 g2yl 056 (&S Slopadld yide oy
ols e el olasse (Bakhtiyari Moez et al., 2020¢ Roberts et al., 2007<Wahed et al., 2010
dgeaS 4 1y ) il 4 Cod A 5 g pAS il (YL Zolaw (gols sy bodd wiss BNy 035 K,
P g0 sAlSS, 18 4 asgl (Roberts et al., 2007) Lol Cows i 5 4l )3 35350 (slaS45 9,8



.(Limetal., 2021)
S WY )3 Wge sl il 055 (i Clio (1She p iulefl oy S1-€ Jgaa
Table 4- Effect of experimental diets on the average quality traits of breeder quail eggs at 13 weeks of age
iabojl sl los
Experimental treatments

ol VSasUre diSasiee S %ve K"Slm}
la sl Control 2% 50% 75% 100%
Items triticale  triticale triticale yiicale  SEM P-value
sla uslg 84.59 87.92 86.94 86.25 86.72 0.005 0.6546
Haugh Unit
(£) dtwgy Coms 8.60 8.24 8.38 8.52 8.19 0.077 0.4572
Eggshell Ratio (%)
() odsbasr Cagun 58.14 57.57 59.51 59.84 57.81 0.285 0.1140
Albumen Ratio (%)
(%) 0355 Canas 33.26 34.20 32.11 33.64 34 0.279 0.1546
Yolk Ratio (%)
(io slo) gy Cooliess 0.272 0.261 0.270 0.272 0.244 0.004 0.0710
Eggshell Thickness
(mm)
() IS asla 75.14 77.50 78.73 77.60 77.65 0.331  0.0823
Shape Index (%)
(U3) 0355 K3y e ls 5.632 5.622 5.05P 4.65° 4,194 0.050 0.0001
Yolk  Color Index
(Rhosh)

(P<0.05) 5,l5 gyl gime M5 ailie e g gyl (cloyeSileo cins) o 50 29 £ Kilo 5 lukil et :SEM
SEM: Standard error of the mean; *9: Means with different superscript within the same row differ significantly (P<0.05)

Vg cr il 055 (559, 5 859,340 9>

6393 203 5590k slae3S | syl paa g IS 6psl a2 203 1 ptlof] slao e 435 b D Joio 5
Aty s Gilises g b @3 il 3ol el 003 el (Lt (S5 MY s 5 Age (clacya il w59
|y ol gine gl uilyly LT Lol cudlis 690l 3oy 9 jo)l soes J| syl pdags 3o 2 ) gine i
S35 )94 9 J2)3 p yieS &S (g pobots (P<e/+0) ol i iolojl (sl jloss ST (9l 0 gn o (ke
Lol aiily oy 0 Al 5 b b @pd iy woyn Voo 0l Lo i glapypa il 1) (ao > AY/R) IS
$391% 5> 10> 1 (63 ine 5T Wge byl 0p 53 103 VO s b WS 5 &l b )b &l (o JSols
3550 1y Vo sla oy yaly o 3 A 5l Gilises prolaw b c)d aily 350l b a8 imep 3 sl JS
wls 3l odlisol b 590k 5 69l sn 20y 5 il 3 Slas (sloadli (sl polie o 5L 200l B ()
Loy )il oy 53 miagl w31 2 SolS 13 28V Lol je (20,3 4l e 2u0yd £Y) 0y JS oy Fo b Sty 5
Fe N0 gl jlodlatul ¢ oply 0gMe (GuCU, 2003) cuwl pols Jimoh pols b 58155 0 &5 s (5055 Wge
5 ol 0 (5y9)k RIPI el 5058 () (ol o 0 ©)0 Al loa A 5wl aop £e g O
155 gl )il a5 b > iy 65V (5)9)b IS 5wl 1o pd YO (gl 0y b odd 4085 slap )il
(Abdel Wahed et al., 2010) ssls (¢ 5YL (¢y9l s g dop> Al 5 4> Mo p> VO (g9l 0 un b o



2 WY o 5 Wse slagi Al 035 a0k Ol 5090k sl 059 5l sl s (IS oglipae g stalef] slayles ST -0 Jod
Table 5- Effect of experimental treatments on the hatchability of total eggs, hatchability of fertile eggs, and
fertility of breeder quail eggs at 13 weeks of age
inle] glalows
Experimental treatments

0, e

s A 5 V0 Az 5 /e u@)i AR 41/&;}
la sl Control 2% 50% 75% 100%
Items triticale triticale triticale triticale SEM P-value
(1) JS syl ysegn 91.75%® 89% 85.80% 93.30? 84.50° 0.908 0.034
Hatchability of total
eggs (%)
() 39,k slopss 51 6ol e gn 99 96 95 98 92 0.962 0.206
Hatchability of fertile
eggs (%)
AR 93 90 90 95 93 0.763 0.289

Fertility (%)

(P<0.05) )5 gl sime U] asline e gy gl (cloyeSilen cins) o 53 20 £ Kilio 5 lnkeul et :SEM
SEM: Standard error of the mean; *°: Means with different superscript within the same row differ significantly (P<0.05)

9 o S Saias] 9

S (speomianlp Sk (5 I ine 5 WIS 7 s Ciliee b b ) &l 3ol 0l g, 5o
gl 3 (F Jo) s (Stim WYy 3 Wgo (slgy s (HDL 5 LDL by pulS 55  JpyiadS) (i p o
9 S0l 0 53 o3l JoSo 938 (o 9 (9381 b Sy 3l ciliee grghans b )3 s (5S>
ORI L oS iz i (bl (59, FV) g 0093 bk 53 eyl (g3 (Shd (sladominl b 2 (5l ne b
@l b oS cdl il (de ©jpod pb g pds e 0y )3 2op3 Ve Glise 4 S 5 Al 03Kl waw
-09 9 hesdon sla 23ls (Zarghi and Golian, 2009; Lim et al., 2021) >)b calles jols yingh
A6 oS el Jas Jolge ) (S0 STygs 58 o 5 b o8 ame 5 (S el L s (ol
e oS olSty Jto Jaloxe (olié cslayess (Altia et al., 2014) 3)ls Jp,ils 5 s puudlalio i
dlge plgisas bls (pandy imd (Ll Jo S 5 (0p2 o Cul (Sae cadn Slgies )3 dljoSun g dbx]
Sals S5y Sl cul (Seo pudlSo paix> (Zarghi and Golian, 2009) wloads aslis g yulS snials
020 455 Cas s LS Al S Joo Cunl (e oo b g (S gt &5 3L 0 b g yialS
el (S5 039y )3 pud eSS jlolsS 0255 b o ladil W5 (slhte (ladsnl Cla g pudgilio d5i
(Adam et al., b yseyen plo b douws! & Gulus db b lewdl clale 3 s 5 (a8 LDL glaossyS
.2001)

S W o 53 alejl slaoyi b odd 45 Wge lagnz il (15 oy () sladomiolp (:S0le =1 Jgoa
Table 6- The average serum lipid parameters of breeder quails fed experimental diets were measured at 13
weeks of age
iolojl slalows
Experimental treatments
o s L aals Aoy AV Ay AL %Y 9 e
Items Control 25% 50% 75% Ay SEM P-value




triticale triticale triticale 100%

triticale
Al ppS ke
mg/d|

RULLIPIN 182 174 181 175 178 8.50 0.998
Triglyceride

YU sy by (e o) 78 86 75 79 81 1.83 0.373
HDL

Ol Ay b (g o 21 29 27 24 20 2.37 0.716
LDL

ol Joyals 233 218 212 214 207 10.42 0.941

Total cholesterol

:Sle 5,0kl gles :SEM

SEM: Standard error of the mean

IS (8 35 do

oAb s ge (lagpa il 3 Mg (&S S padll jl (S g (oS Glapadll iy pol agh Bb

(> iy doyd Voo (ool 0y ) dald Hlowd b dunlie pd i &pd &l (1Kl &5 a5 aily calises glaw b
(638855 e 93 oy D > e Juoyd B+ prans b S 5 il 30l b a8 bl s )5 )8 b cos
ol 5 r9k o) e 059 £ S PSS, a3 e 5055 9350055 (e s gyt (S8 B o
ol i aalie (> gme glds aald 09, b dunlis )3 sMg Jbadks 55 45 laesls by g
5 0992 e lSel oo (slagyzyaly Jolcio ooy ) w3l sl odlitisl (ygas 005 2l o b IS 5 &l (23S0l

Dy o0 dpogd
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