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Abstract

The objective of this study was to investigate the effects of feeding
electron irradiated flaxseed (FS) on performance, carcass characteristics,
blood parameters, digesta viscosity, and nutrient digestibility in broiler
chickens. In a 2 x 2 factorial arrangement, 320 day-old broiler chicks
were randomly assigned to one of five experimental diets, each with
four replicates containing 16 chicks each. Dietary treatments included a
corn-soybean meal-based diet (control), and diets containing 10% or
20% raw flaxseed (FS10, FS20), or 10% or 20% flaxseed irradiated at 20
kGy (RFS10, RFS20). Feeding irradiated flaxseed improved body weight
gain in grower and finisher periods of the experiment (P < 0.05). Birds
fed FS20 had a lower (P < 0.05) body weight gain in finisher period as
well as lower breast muscle percentage in comparison to chicks fed
FS10. Thigh percentage was greater in chicks fed FS20 compared to
chicks fed FS10 (P < 0.05). Liver percentage decreased (P < 0.05) in birds
fed RFS20 compared other treatments. Birds fed FS20 and RFS20 had
significantly lower aspartate aminotransferase activity compared to
birds fed FS10 and RFS10 (P < 0.05). Dry matter, organic matter, and
ether extract digestibility decreased (P < 0.05) as the levels of FS
increased. Apparent digestibility of dry matter, organic matter, and
ether extract in irradiated FS increased in birds fed raw flaxseed.
Irradiation of flaxseed significantly decreased digesta viscosity
compared to diets containing raw irradiated flaxseed (P < 0.05). Results
of this study demonstrated that irradiation increases the inclusion level
of flaxseed in broiler diets without any negative impacts on broiler
performance.

Introduction

Flaxseed contains high amounts of a-linolenic
acid (52% of the total fatty acids), an essential
fatty acid, making flaxseed a unique oilseed crop
for oil production as well as for incorporation in
foods (Chung et al., 2005). Flaxseed is a good
source of protein, oil, and a-linolenic acid, so it
can be used for enrichments of poultry meat and
eggs (Leeson and Summers, 2005). Due to anti-

nutritional factors (ANF) present in flaxseed
[non-starch poly saccharides (NSPs), cyanogenic
glycosides, trypsin inhibitors, mucilages, linatine
dipeptide (a vitamin B6 antagonist), and phytic
acid], flaxseed has been shown to adversely
affect broiler performance (Ajuyah et al., 1993;
Bhatty, 1995; Ortiz et al.,, 2001, Alzueta et al.,
2003; Hernandez, 2013). These ANF and NSPs
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are associated with increasing intestinal
viscosity, reducing litter quality, and poor
growth performance in broiler birds (Hall et al.,
2006).

Gamma and electron radiation can denature
proteins and decrease starch crystallinity
(Chamani et al., 2009; Shawrang et al., 2013).
Nayefi et al. (2015) showed an increase in feed
intake and body weight gain in broiler chicks fed
diets containing 12% irradiated (30 kGy) cotton
seed meal compared to those fed control diet.
Previous studies using gamma or electron
irradiation show a reduction in anti-nutrient
content of canola meal, barley, and cottonseed
meal and an improvement in their utilization in
broilers (Gharaghani et al., 2008; Chamani et al.,
2009; Shawrang et al., 2013; Nayefi et al., 2015.,
Bahraini et al., 2017).

There is limited information on the use of
irradiated flaxseed in broiler nutrition.
Therefore, the present study was conducted to
investigate the effects of FS diets irradiated by
electron beam on performance, carcass
characteristics, blood parameters, nutrient
digestibility and digesta viscosity of broiler
chickens.

Materials and methods

All experimental methods were in accordance
with Sari Agricultural Sciences and Natural
Resources University Research Policy on Animal
Ethics and Welfare (Sari, Iran).

Preparing of irradiated flaxseed

One hundred ten kg of raw Canadian flaxseed
(Linum usitatissimum) was purchased from
Zarbal Company (Amol, Mazandaran, Iran). The
flaxseed sample was packed in 35 x 25 cm?
polyethylene bags and exposed to electron beam
irradiation (Yazd radiation processing center,
AEOQ], Yazd center, Iran) at a dose of 20 kGy
(fixed beam energy of 10 MeV) at room
temperature by a Rhodotron accelerator model
TT200 (Ion Beam Applications Company,
Ottignies-Louvain-la-Neuve, Belgium). A dose
rate of 180 kGy min! was used for irradiation as
determined by cellulose triacetate film
(ISO/ASTM 51650, 2015). Uncertainty for
electron radiation was 5% and measured dose
uniformity ratio (Dmax/Dmin) was 1.10.

Chemical analysis of flaxseed
We assessed the chemical composition of three
samples of raw (RFS) and irradiated flaxseed

(IFS) to determine content of organic matter
(OM), crude protein (CP), ether extract (EE),
crude fiber (CF), calcium, and phosphorus
according to AOAC (2005) analytical methods in

Sari Agricultural and Natural Resources
University, Sari, Mazandaran, Iran.
Total cyanogenic glycosides (TCG, or

cyanide) were measured using the Picrate
method (Egan ef al., 1998; Bradbury et al., 1999)
using a Cyanide kit (courtesy of Howard
Bradbury, The Australian National University,
Canberra, Australia). About 25-100 mg ground
flaxseed was mixed with phosphate buffer (0.5
mL, 01 M at pH=4-10) and cyanoglucoside
enzyme. A picrate paper attached to a plastic
backing strip (Bradbury et al., 1999) was inserted
into the sample and after about 16 hrs at 30°C,
the picrate paper was removed and immersed in
5.0 mL water for ~30 min. The absorbance of
picrate solution was measured at 510 nm. The
total cyanide content (ppm) determined as
follows:

Total cyanide content (ppm) = 396 x absorbance
x100/z,

where z = sample weight (mg)

All the fatty acid (FA) analysis were done at
the lipid laboratory (Oregon State University,
Corvallis, USA). Total lipid was extracted from
~2 g of flaxseed using chloroform: methanol
(2:1) following methods described by Folch et al.
(1957). Fatty acid methyl esters were prepared
from total lipid extract using boron trifluoride
methanol (Beheshti Moghadam et al., 2017).
Fatty acid analysis was performed with an HP
6890 gas chromatograph (Hewlett-Packard Co.,
Wilmington, DE) equipped with an
autosampler, flame ionization detector, and SP-
2360 fused silica capillary column. Samples in
hexane (1 pL) were injected with helium as a
carrier gas into the column programmed for
ramped oven temperatures. Initial oven
temperature was set at 150°C and held for 1.5
min, then ramped at 15°C /min to 190°C and
held for 20 min, then ramped again at 30°C /min
to 230°C and held for 3 min. Inlet and detector
temperatures were both 250°C. Fatty acid methyl
esters were identified by comparison with
retention times of authentic internal or external
standards (Nuchek Prep, Elysian, MN). Peak
areas and percentages were calculated using
Hewlett-Packard ChemStation software (Agilent
Technologies Inc., Wilmington, DE). Fatty acid
values are reported as percentage of methyl
esters.
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Birds and dietary treatments

A total of 320 day-old male broiler chicks (Ross
308 strain) were individually weighed and
randomly distributed to five treatments, with
four replicates of 16 chicks each (placed in 20
floor pens bedded with wood shavings). Light
was continuous for the first three days post-
hatch, after which a 23L:1D was applied. At one
day of age, the room temperature was set at
33°C and subsequently reduced by 2 °C/week.
Birds had free access to water and feed
throughout the experiment.

Dietary treatments consisted of a corn-
soybean meal based diet (control), and diets
containing 10% raw FS (RFS10), 10% irradiated
FS (IFS10), 20% raw FS (20RFS), or 20%
irradiated FS (20IFS). Experimental diets were
fed during the 3-phase feeding schedule: starter
(0 to 10 d), grower (11-22 d), and finisher (23-42
d). All diets were mash and formulated to meet
or exceed the minimum requirements for broiler
chickens according to Ross 308 catalogue (2014).
The composition of experimental diets is given
in Table 1.

Table 1. Composition and nutrient content of starter, grower and finisher experimental diets (g/kg)

Starter (0-10d)

Grower (11-24 d)

Finisher (25-42 d)

Ingredients FS10, FS20, FS10, FS20, FS10, FS20,
¢ Control  prg1o  RFS20 Control " pre1y)  RFS20 Control " g1y RES20
Corn 533.60 490.30  426.10 568.60 52420  466.60 615.90 572.60 517.6
Soybean Meal 405.00 368.00 335.00 36450  328.00 294.00 323.00 286.00 251.00
FS/RFS1 0.000 100 200 0.000 100 200 0.000 100 200
Vegetable oil 20.0 2.00 0.000 25.0 7.00 0.000 28.0 10.00 0.000
Salt 2.50 2.30 2.50 2.50 2.30 2.50 2.50 2.30 2.50
Bicarbonate sodium 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix 2 2.5 2.5 2.5 25 2.5 25 25 25 25
Mineral premix 3 2.5 2.5 2.5 25 2.5 25 2.5 2.5 25
Dicalcium phosphate 16.0 16.0 16.0 14.0 14.0 14.0 12.0 12.0 12.0
Limestone 9.00 8.00 7.00 8.00 7.00 6.00 7.00 6.00 6.00
L-Lysine. HCI 2.00 2.00 2.20 1.50 1.50 1.70 1.20 1.30 1.30
DL-Methionine 3.70 3.40 3.20 3.20 3.00 2.70 2.90 2.50 2.30
Choline chloride (60%) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
L-Threonine 1.20 1.00 1.00 0.700 1.00 0.500 0.500 0.300 0.300
Titanium dioxide 0.000 0.000 0.000 5.00 5.00 5.00 0.000 0.000 0.000
Nutrient values
ME (Kcal/kg) 2900 2900 2900 2980 2980 2980 3050 3050 3050
Crud protein 220 220 220 205 205 205 190 190 190
Calcium 9.60 9.60 9.60 8.70 8.70 8.70 7.90 7.90 7.90
Available phosphorus 4.80 4.80 4.80 4.40 4.40 4.40 4.00 4.00 4.00
Lysine 11.8 11.8 11.8 105 105 105 9.50 9.50 9.50
Methionine 4.50 4.50 4.50 4.20 4.20 4.20 3.90 3.90 3.90
Methionine + Cystine 9.5 9.5 9.5 8.7 8.7 8.7 8.0 8.0 8.0

1Flaxseed/ Irradiated flaxseed.

Vitamin premix; Supplied per Kg feed: Vitamin A, 8000 UT; vitamin D3, 2000 UI; vitamin E, 30 UI; vitamin K3, 2 mg; thiamine, 2
mg; riboflavin, 6 mg; pyridoxine, 2.5 mg; cyanocobalamin, 0.012 mg, pantothenic acid, 15 mg; niacin, 35 mg; folic acid, 1 mg;

biotin, 0.08 mg.

3Mineral premix supplied per Kg feed; iron, 40 mg; zinc, 80 mg; manganese, 80 mg; copper, 10 mg; iodine, 0.7 mg; selenium, 0.3 mg.

Broiler  chicken  performance,  carcass
characteristics and blood sample collection

During the experiment, body weight and feed
intake (FI) were measured for each pen in three
phases of the experiment (starter, grower and
finisher), and then body weight gain (BWG) and
feed conversion ratio (FCR) were calculated. At
the end of the experiment (42 days), 12 birds per
treatment (three birds/pen) were randomly
selected, weighed, and then sacrificed by
cervical dislocation. Tissue samples from each
chicken including liver, breast and thigh muscle
(pectoralis major and biceps femoris, without

skin), and abdominal fat pad (including fat
surrounding the gizzard, bursa of fabricius, and
cloaca) were collected and weighed.

At days 21 and 42 of the experiment, eight
birds from each treatment (two birds/replicate)
were selected for blood analysis. Samples were
collected from wing vein, collected in
heparinized tubes and centrifuged for 10 min at
2000 x g. Plasma was collected, and stored at -
20°C until analysis. Plasma was measured for
triglycerides, cholesterol concentrations and
aspartate aminotransferase (AST) activity using
an auto-analyzer (HITACHI 902 automatic auto-
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analyzer) from specific commercial kits (Pars
Azmoon, Tehran, Iran).

Nutrients digestibility and viscosity

Titanium dioxide (TiO;) was added to the feed
of all birds at a rate of 5 g/kg as a dietary
marker from day 14 to 20. On day 21, two birds
were randomly selected from each pen and
euthanized by cervical dislocation. The content
of the ileum (from Meckel’s diverticulum to 1 cm
above the ileocecal junction) was collected and
pooled for two birds to yield four replicate
samples per each treatment. The ileal digesta
samples were frozen, freeze-dried, ground, and
analyzed for TiO; using a UV spectrophotometer
(Short et al., 1996), and for DM, EE and OM as
per AOAC (2005).

At day 42, ileal digesta (1.5 g) of two
sacrificed birds in each replicate were collected
and centrifuged at 12000 x g for 4 min. Viscosity
of the supernatant was determined at 40°C using
the Brookfield digital viscometer (model
DVII+LV, Brookfield Engineering Laboratories,
Mashhad, Iran). The ileal digesta samples were
frozen, freeze-dried, ground, and analyzed TiO»
using a UV spectrophotometer (Short et al.,
1996), and for DM, EE and OM as per AOAC
(2005). Apparent ileal digestibility coefficients of

OM, DM, and EE were calculated using TiO; in
the diets and digesta by using the following
equation: Apparent ileal digestibility coefficient
=1 - [diet TiO, / ileal TiO] x [ileal nutrient /
diet nutrient].

Statistical analysis

The data were analyzed using Mixed procedure
of SAS software version 9.4 (SAS, 2013) as a
Control plus a 2 x 2 factorial with completely
randomized design. The main factors were
flaxseed and irradiation. Studentized residuals
were calculated for both fixed and random
effects and normality of studentized residuals
was checked using Shapiro-Wilk test (Zar, 2009).
Tukey and Dunnett comparison procedures
used to compare means when F-test was
significant. All statements of significance are
based on P < 0.05.

Results

The effects of electron radiation on chemical
composition, TCG, and FA of flaxseed are
shown in Table 2. There were no significant
differences among treatments, except for crude
fiber content which was statistically lower in
irritated flaxseed (P < 0.05).

Table 2. Analyzed chemical composition of raw and irradiated flaxseed (g/kg)

Composition Raw flaxseed Electron beam (20 kGy)* SEM P-value
Organic matter 965 965 0.142 0.1125
Crude protein 191 189 0.067 0.1248
Ether extract 342 362 0.056 0.5333
Crude fiber 210a 164> 0.086 0.04850
TCG1 (ppm) 230 197.6 0.600 0.2074
C16:0 63.3 67.0 0.024 0.8728
C18:0 56.5 61.6 0.027 0.7664
C18:1n-9 209 209 0.046 0.3862
C18:2n-6 122 123 0.018 0.4694
C18:3n-3 548 537 0.040 0.2556
Total SFA 119 128 0.033 0.9678
Total MUFA 209 209 0.046 0.3862
Total n-6 FA 122 123 0.018 0.4694
Total n-3 FA 548 537 0.040 0.2556

1 Total cyanogenic glycosides
* Flaxseed ground after irradiation.

Total SFA = Total saturated fatty acids (14:0 + 16:0 + 17:0+ 18:0 + 20.0); Total MUFA = Total monounsaturated fatty acids (16:1 +
18:1 + 20:1 + 22:1); Total n-6 polyunsaturated fatty acids (18:2 n-6 +20:2 n-6 + 20:3 n-6 + 20:4 n-6 + 22:4 n-6 + 22:5 n-6); Total n-3
polyunsaturated fatty acids (18:3 n-3 + 20:5 n-3+ 22:5 n-3 + 22:6 n-3). Total LC n-6 FA = Total long chain n-6 fatty acids (20:2 n-6
+20:3 n-6 + 20:4 n-6+ 22:4 n-6 + 22:5 n-6). Total LC n-3 FA = Total long chain n-3 fatty acids (20:5 n-3 + 22:5 n-3 + 22:6 n-3).
Values within a row with different superscripts differ significantly P< 0.05.

Poultry Science Journal 2017, 5(2): 153-163



157

Beheshti Moghadam et al., 2017

‘60°0 > d Apueoyiugis 1ag1p s1drosiadns JUSIDHIP Y3IM MOI e UIIIM SanJep -

*OI}eI UOISI9AU0D Paay, ‘ure3 1y31om Apogy ‘@ejur paa ‘UOHBIPLI]; {Pds Xe[f¢ 'SUEdW JO JOLIR pIrepueiS;
‘A[pAndadsar ‘passxey) parerpetIr KRR (jg% SUTUTeIuod 131p pue paasxe[y (g% Sururejuod
JIP “PO9SXE[J PAIRIPLLIL UOLI9[O (]9 SUIUIRJUOD JIIP “PIdSXE[j Mel ()T 9, SUIUIejuod 391p ‘J9Ip [eseq [eaw ueaqAos-uIod Juasardar 0zSy Pue 07Sd ‘0TSRRI ‘0TS ‘[OHu0D):

1000 %200 671 6hT gLT /T 1 BT A

0100  §4¢ a€8FPEL  a€L09LL  906IFL  a90FHEL 95 6SHL B omg

00 €09 w08 a96F68T  vTLSTLT  8T6LT  *8TSELT @1

TysIul]

veL0 0810 <1 8¢'T 6v'T olon w1 A4

00 6LLL o[CF/9  a8TG8S  80TL9  a6THY  «C6F0L ¥ omg

960  F00FL LTSGET 686501  6LFICT  TESTEL  TTOIEL @)1

H?SOHO

c0'0 0200 20/8°0 qa0£6°0 #0880 20260 2098°0 A4

Q00 69 L9891 a6COFL  vC8E9L  eG8TIL  eLGTLL 09) oMg

690  ¥¢'S 66481 G881 GT98T  TUF6L  9T061 @i

Hwtmwm

}s9} Pouun(g

9000 1000 1000  TT00  +8C'T a1 Ero QT 6Tl w6h'1 B8IT oLT1 A0

820°0 1000 1000 41T d84TSTL +88°ISEL a0FTGCL 29T TSEL €8TPEL  €£a09I1  w696IFL  90FHEL 3 omg

180 W0 TWI0  L0S  606V8T  LV6SLT 60F8T  L¥'69/C TTE08T  98F68T  TLSTLT  TTE6LT @

(pgh-cg)Hoystulg

9¢0°0 6000  S000 000  e€91 @Sl 69T a0C'T @Sl LT a6b'1 aGC1 A4

£80°0 1000 9800  S¥L  ¥86C9 007459 aC0FI9  e6LTLY IS99 8168 8019  T6TH9 B) omg

¥e¢°0 9/0  T8Y0 €TSSL  8060CL  SEITEL OLF6IL  €S96€T LTSSET 686901  6LFICL  TESTEL @

(pzz-11) }omorn

10 €00  €F0 0200 0260 0060 e0S60  a0/80 080 0460 0880 0260 204

/800 900  97€0  0LS  0S/S1  €£€91 97T TT991 19891 6£9FL 7869l <8791 @) omd

92¢0 670 9740  06'S  L£881 6V 061 vLT6L TULST 66881 G881 CT98l Y6l 3) 14

(POT-0) 1331038

UxSd | ¢6d  NES %0 %01 ON BN 0784 025d 0150 0I1Sd  [onuo) 169 A
anjeA-J po9s xe[q uonerperLy [Sjusweary Arepi(]

JuowLadxa 9y Jo saseyd I9YSIY pue 1oMOI3 ‘1931e)s Je SI9[I0I] JO dduewiofad Uuo sjusuean) [euawLiedXa Jo 30937 ¢ d[qe.L

Poultry Science Journal 2017, 5(2): 153-163



158

Irradiated Flaxseed in Broiler Diet

There were no significant interactions in FI,
BWG, and FCR, during starter and grower
periods, though this effect was significant for
BWG and FCR during finisher period (P < 0.05;
Table 3). Irradiation of flaxseed significantly
increased (P < 0.05) BWG in grower and finisher
periods, and improved FCR in all periods of the
experiment.  Significant  differences  were
observed between the control and other
treatments for FI in finisher periods, as well as
for BWG and FCR in all three phases of the
experiment (P < 0.05).

Relative weights of thigh, breast, liver, and
abdominal fat of birds are shown in Table 4. F20
diets increased thigh and decreased breast
percentage (P < 0.05). Feeding irradiated FS
increased fat pad yield from 1.45% to 1.91% (P <
0.05). Flaxseed had a significant effect on liver
weight. Chicks fed FS20 had lower liver
percentage compared to chicks fed FS10 (P <
0.05). However, a significant interaction was
observed in liver percentage (P < 0.05). There
were significant differences between control and
other treatments for thigh, fat pad, and liver
percentage (P < 0.05).

Table 4. Effects of experimental diets on carcass characteristics of broilers at day 42 (% of live body weight)

Tukey Dietary Treatments! Irradiation Flaxseed SEM2 P-value

test Control  FSI0 RFS10  FS20  RFS20 Yes No 10%  20% FS3 R4 FSxR
Thigh 27.1 27.6 293 283 279 282 274 2882 0510 0.008 0556 0.163
Breast 345 346 326 325 336 336 3462 326° 0.600 0003 0950 0887
Fat pad 155 191 135 191 1912 145°b 173 163 0105 0540 0.006 0515
Liver 3.08 320 306 280 300  3.07 3142 293 0.09 0.039 0458  0.050
Dunnett

test

Thigh 27.3b 2716 276> 293«  283b 0.460  0.006

Breast 338 345 346 326 325 0.560  0.242

Fat pad 1.972 155  191a 135> 191 0.150  0.049

Liver 3.262 3.08 3200  3.060 280" 0.080  0.009

1Control, FS10, RFS10, FS20 and RFS20, represent corn-soybean meal basal diet, diet containing %10 raw flaxseed, diet
containing %10 electron irradiated flaxseed, diet containing %20 flaxseed and diet containing %20 electron irradiated flaxseed,

respectively.
2Gtandard error of means; 3Flaxseed; 4Irradiation.

**Values within a row with different superscripts differ significantly P < 0.05.

As shown in table 5, there were no
interactions in cholesterol, triglyceride, and AST
activity on days 21 and 42. Neither flaxseed nor
irradiation had significant effects on serum
cholesterol, triglyceride, and AST concentration
at day 21, while the effect of flaxseed on AST
activity on day 42 was significant (P < 0.05;
Table 5). Broilers fed FS20 had significantly
lower (P < 0.05) cholesterol and AST
concentrations at 42 days of age. However, there
were insignificant differences between the
treatments for cholesterol, triglyceride and AST
concentrations at 21 days of age.

The effects of irradiation dose and flaxseed
levels on the apparent digestibility of EE, DM
and OM in the ilea of broilers are shown in Table

6. Apparent digestibility of DM, OM, and EE
increased in birds fed irradiated FS diets (P <
0.05). However, feeding FS20 reduced apparent
ileal digestibility DM, OM, and EE when
compared to FS10 (P < 0.05). There was a
significant difference for EE, DM and OM
between the control and FS treatments.
Irradiation decreased (P < 0.05) digesta viscosity
of birds fed FS diets (Table 6). Dietary FS levels
had significant impact on digesta viscosity in
birds fed FS20, as these birds had a higher
viscous digesta than those fed FS10 (P < 0.05).
There was a significant difference in digesta
viscosity between the control and other
treatments.

Poultry Science Journal 2017, 5(2): 153-163



159

Beheshti Moghadam et al., 2017

‘600 > d Apueoyrudis 19yj1p sydrosiadns JUSISJIp YIIM MOI B UIYIIM San[e Ay

‘sIa)yew DU IO, LIa11eur AI1(J 10enXd I ¢ “UOTJRIPRLI]  ‘PIIS XB[] ¢ ‘SUBIW JO IOLId PIEPULIG,
*A[oAan0adsar “paasxey pajeIpeLII U0Iddd ()7 % SUrurejuod Jo1p pue
Po9sXe[J 07% SUTUTejuod J3Ip ‘PISSXE[] PAIRIPLLII UOIOI[S (0T % SUTUTLIUO0D JSIP ‘PIISXE[] MEI ()% SUTUTeIuod J21p “Ja1p Jeseq [eaur ueaqAos-urod juasardar ‘0781 PUe ‘S ‘0TSA ‘0TS ‘TOHUoD,

¥¢c0’0 - 00¥°0 e0¥'¢C e0C'S ®66'C e8L°¢C a€8'C Ayrs00sTp

10000 0€T'0 19'8Z 15°99 96’64 av'0Z *p'G8 WO

10000 0€T°0 ac’LL ag’69 9G'8Z aSvL V6L Na

10000 0¥%C0 15’89 16°0S 18'69 99°aS v EE|

1593 Pauun(y

€991°0 9100°0 Y9100 0¥€0 e0CY 96€°c 67'¥ a0T’c 0¥'e 0ce 66'C 8L°¢ (esrodnuad) £41s00sIA
1000°0 1000°0 10000 0€T°0 a0¢s 6V a0'89 *0'64 19'84 rS'99 *G'64 V04 (%) INO
1000°0 1000°0 10000 0€T0 ag’esL eG9L 16’14 6’ LL ag’LL pC'69 *G'8Z SVL (%) INa
1000°0 1000°0 10000 0¥C0 a4’69 e/’C9 ac’cs e['69 15'89 r6'0S 869 29'6§ (%) a1
AxSH v eSd JNES %0C %01 ON S9A 0¢Sdd 0csd 0TS 01sd [onuon 159 Aon,

anyea-Jg Ppa9s xe[] uonerpeLy [SjuLswI eaI], AIe3RI(]

s191101q o (p F 3e) A31sodsia €3salip pue “(p 1z p ¥e) A1[iqusadip jusrgnu [eafr uo sjusugeas) [eyuadwradxs Jo s10953H '9 d[qe.L

‘600 > d Apueoyrudis 19yj1p sydrosiadns JUSILIP YIIM MOI B ULIIM Sanfe Age

"9seIdJSURIIOUTWE d)elredsy ¢ ‘UOTIRIPRLI] ; {PIds XE[] ¢ ‘SULIW JO IOLId PIEPULIS,
*A[oAn30adsar “paasxerj pajeIpeLIT UOHII[d ()7 % SUTUTLIUOD J9IP pUR PIISXe[y
079% Surureyuod 331p ‘PassXe[j PARIPRIII U0 0T % SUTUTEIUOD JOIp “Passxelj MBI ()19 SUIuTejuod Jo1Ip “a1p [eseq [eauwr ueaqAos-urod juasardar ‘0zS:Id Pue 07Sd ‘0TSI ‘0TS ‘Tomuo),

6100 859 aS¥e a8'9C Q65 Al 9'8G (1/0D 1sv
€6€°0 €5y 8¥L 199 978 Ges 98/ (1P /3wr) apr1aoA(3riy,
0100 €2 o/GOTT  ¢88'G0T  88'TCT  FF 0T BT (Tp /3w) [o1353[0YD
Py
8020 208 G09 8¢S T'1S 79 o7 (1/0D 1sv
859°0 682 0°0S 079 ¥'ze 'Sy T6¥ (Tp /3ur) ap11oA1STy,
£ES0 €6'8 0T91T 01T GTIZL  0STCl  ST9CL (Tp /8w) [o13s3[0YD
PIC
159} Pouun(g
¥16°0 6420 $00°0 ¥€'9 al’0€ 7’98 0°0% 0LV c¥e 897 g6 T€s (1/0D 1sv
£S6'0 6500 6600 6EF ¥0L 0'8Z 869 L'8L 8¥L 199 98 Gel (1P /3ur) apreoA(dry,
65S°0 H7 0 GIT0 8L TILL 9T'1L 9T'€IL TTHIL LSOTT  88'G0T  881IZL  ¥H 0TI (Tp /3w) [o1e3s3[0yD
pPT¥
€560 L18°0 296°0 LT6 T'/S YA 0'8S g'cs c09 g'¢es T'1S T (1/0D 1SV
S0T0 6£9°0 €0 c0'8 0'LS L'8Y c¥s 16 0°0S 0%9 ¥es T'Sh (1p /3wr) apr1ad4(3iy,
¥59°0 9920 00€°0 80'8 OT'EIT 88°1ZT GTIIT €811 0T91T (1]A GTITL  0STCl (Tp /3w) [o1e3s3[0YD
pP1C
AxSd + ¢Sd e %0 %01 ON Sak 0cSId  07Sd  0ISIY  0ISd  [onuo) -
anfea-q po9s xe[q uonerperLy (Syuawjeal], Areyar(]

a8e Jo shep g§ pue [¢ e SI9[I01q JO sivjewered poo[q SWOS U0 SJUaW}ear) [eJuawLndXa Jo $}09yjH °G 9[qel.

153-163

Poultry Science Journal 2017, 5(2)



160

Irradiated Flaxseed in Broiler Diet

Discussion

Feed intake was not affected by FS inclusion
level which is in agreement with previous
findings that supplemented corn-soybean meal
diets with FS (2.5-10%) was not effective
(Mridula et al., 2011; 2015). In the present study,
inclusion of 20% FS in grower and finisher
phases decreased BWG by 16% and 21%
compared to the control group, respectively.
Ajuyah et al. (1993) reported a 17% decline in
body weight of birds fed 15% FS compared to
chicks fed corn-soybean diet. Birds fed diets
containing flaxseed had greater FCR compared
to chicks fed control corn-soy diet. This result is
in agreement with findings of Beheshti
Moghadam et al. (2017) who reported that FCR
was higher in chicks fed diets containing 15% FS
compared to corn-soy diet. Mridula et al. (2015)
also observed increases in FCR in broilers fed
diets containing 15% flaxseed. The depression in
bird performance of broilers fed raw flaxseed
appears to be due to poor energy availability
(Rodriguez et al., 2001) and ANF (Hernandez,
2013) such as cyanide. High levels of fiber and
cyanide adversely affect digestibility and
utilization of nutrients by birds (Esonu and
Udedibie, 1993). Irradiation improved FCR and
BWG of birds fed F20 compared to control, FS10
and RFS10 diets.

Nayefi et al. (2015) reported that broilers fed
diets containing 10% electron irradiated cotton
seed meal had higher feed intake and BWG
compared to birds fed diet containing raw
cotton seed meal. The greater BWG was
attributed to the reduction in gossypol by
irradiation. Previously, Chamani et al. (2009)
reported that gamma irradiation (15-45 kGy)
decreased glucosinolate and improved apparent
ileal digestibility of amino acids in canola meal
fed to broiler breeders. The observed effects of
irradiated diets on birds' performance in the
current study could be due to the effects of
ionizing radiation on linatine, though these
effects have not previously been reported in the
literature. It is possible that using the high levels
of irradiated flaxseed can have positive impacts
on performance indices by decreasing the
cyanide content in broiler chickens fed FS diets.

The increase in the relative weight of thigh of
birds fed FS20 compared to FS10 is in contrast
with that of Mridula et al. (2011, 2015) who
indicated no changes in the thigh percentage at
2.5-15% level of flaxseed in the diets of broilers.
Feeding FS20 led to decrease in fat deposition

which is in line with findings of Najib et al.
(2011). However, this is in contrast to Arshami et
al. (2010) who reported no adverse effects of
flaxseed (5-10%) on breast weight and
abdominal fat of chickens. In the present study,
the experimental diets were iso-energetic, so the
reduction of fat deposits could be due to fatty
acid composition of the diets. Esteve-Garcia
(2012) stated that poultry diets that are high in
polyunsaturated fatty acid can improve FCR and
reduce fat deposition compared to diets
containing monounsaturated fatty acid from
tallow or vegetable oil sources. In other words,
there is an optimum ratio of n-6 and n-3 fatty
acid that leads to a decrease in adipose tissue. In
the present study, feeding diets containing
flaxseed (at 10% and 20%) to broilers had no
effect on liver weight. Feeding RFS20 diet to
broilers decreased liver percentage compared to
other diets. Similar results were observed when
5-10% flaxseed were fed to pullet chicks
(Arshami et al, 2010). The reduction of liver
weight may be a result of reduction in
cyanogenic glycosides content as a function of
irradiation. Gharaghani et al (2008) observed that
liver weight decreased in broilers fed irradiated
(10-30 kGy) canola meal. In contrast, Nayefi ef al.
(2015) observed no significant effect of
irradiation of cotton seed meal at doses of 30
kGy on the relative weight of liver and other
organs of broiler.

The current study did not show any impacts
of experimental diets on blood plasma lipid
parameters. Our findings are in agreement with
results of Nayefi et al. (2015) who reported that
feeding electron irradiated cotton seed meal had
not significant effect on blood parameters
including  triglyceride @ and  cholesterol
concentrations. The activity of AST at day 42
decreased as the dietary flaxseed levels
increased to 20% in the diets. Similarly, Omer et
al. (2013) reported that AST activity decreased in
rabbits receiving 15% flaxseed in their diets. In
contrast to this result, Yassein et al. (2015)
showed that feeding moderate levels of flaxseed
(5-10%) had no significant effect on AST activity
on laying hens. However, high dose of flaxseed
(12-16%) increased blood AST activity in broilers
(Al-Nawass, 2015). These researchers attributed
this effect to the presence of hydrogen cyanide
in flaxseed, which can lead to the accumulation
of toxins in the liver and increase secretion of
liver enzymes into the blood.
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We found that irradiation decreased 15% and
22% of total cyanide and fiber contents of
flaxseed, respectively. These results could
confirm one of the reasons for increasing
digestibility of irradiated flaxseed diets.
Although in the present study, irradiation
improved apparent DM, OM and EE
digestibility of flaxseed containing diets, RFS
diets still had lower digestibility compared to
the control group. Chamani et al. (2009) fed
gamma irradiated (15-45 kGy) canola meal to the
broiler breeders and showed an increase in
apparent digestibility of amino acids with
increasing doses of irradiation. Glucosinolate
levels also decreased by 58% in gamma-
irradiated canola meal at 45 kGy. Shawrang et al.
(2013) conducted a digestion trail and showed
an increase in energy and protein digestion of
electron irradiated barley (10-30 kGy) as
compared to control group.

In the present study, feeding FS20 to broilers
increased ileal viscosity compared with FS10
and control diets. Irradiation decreased
intestinal viscosity of broilers fed FS20. Studies
using gamma or electron radiation showed a
decrease in viscosity of rice and barley (Wu et al.,
2002). Shawrang et al. (2013) reported that
electron irradiation (10-30 kGy) linearly
decreases viscosity of barley grain by 78%. Byun
et al. (2008) showed that radiolysis of the
glycosidic bonds of beta-glucan decreased the
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