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Introduction: Flax products (seeds and meal) are one of the sources of energy and protein for ruminants.
Although flaxseed is a very inexpensive and affordable source of omega-3s, more than 50 percent of its fatty acids
are made from alpha-linolenic acid, but it cannot be used at high levels due to its anti-nutritional properties.
Flaxseed processing improves nutrient consumption while reducing the negative effects of anti-nutritional
substances such as lintine and makes food more palatable. Various methods are used to process and improve the
flaxseed digestion process, such as micronization and extrusion. The extrusion process is in fact the process of
processing high temperature materials in a short time and is done by a combination of moisture, heat, mechanical
energy and pressure. Extrusion is also a technical function by which feed is processed, extruded and cooked under
a constant increase in pressure and then expanded due to a sudden drop in pressure. Heat treatment applied during
the extrusion process reduces the access of rumen bacteria to the fat in the diet by denaturing the protein matrix
around fat droplets in oilseeds such as flaxseed, and thus can reduce fatty acids. Protect unsaturated with several
double bonds from ruminal biohydrogenation. Microwave by microwave can be done after adding 25% moisture
to the grains for 3 minutes in a device containing an infrared lamp. It was also found that micronization could be
used to increase the degradable protein content of the rumen. This study was performed to evaluate different levels
and methods of flaxseed processing in the diet on performance, nutrient digestibility, blood parameters and sheep
ruminant behavior.

Materials and Methods: 42 adult Moghani ewes with an average initial weight of 47 + 2.8 kg were divided
into seven treatments and six replications in a completely randomized design. Treatments include: Control
treatment without flaxseed, 5% of raw flaxseed (not processed), 10% of raw flaxseed (not processed), 5% of
processed flaxseed Micronized method, 10% of flaxseed processed by micronized method, 5% of flaxseed
processed by extrusion method and 10% of flaxseed processed by extrusion method. The duration of the course
was 60 days, of which 15 days were habituation and 45 days were experimental. Diets were adjusted based on
NRC (44). All ewes were placed under the same management and feeding conditions. Diets were given to the ewes
twice daily, at 8 am and 4 pm after weighing the ewes. Livestock was also held individually in livestock cages and
had free access to water. Feed was given and the remaining feed was weighed and recorded for each animal each
day. Daily feed intake was calculated from the average difference of feed given for each livestock and the rest of
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the manager the next day. The mean of each treatment was calculated from the average feed consumption of each
animal during the period. Dietary digestibility was measured by the internal marker of acid-insoluble ash in the
last 3 days of the experiment and blood and ruminal fluid samples were taken on the last day of the experiment.
Dietary digestibility was measured by internal marker of acid-insoluble ash in the last 3 days of the experiment
and blood samples were taken on the last day of the experiment. In the last two days of the experiment, rumination
behavior was measured by recording activity for a period of 24 hours. Data were analyzed using SAS software
version 9.9 (54) using GLM procedure.

Results and Discussion: Different levels and processing of flaxseed had no significant effect on weight, dry
matter intake, daily weight gain and feed conversion ratio. The highest dry matter intake and daily weight gain
were related to treatments containing 10% extruded flax and 10% micronized flax, which indicates that the
processing resulted in better flaxseed palatability. The use of different levels and methods of flaxseed processing
in the present study did not have a negative effect on feed intake, which probably the amount of fatty acids and
flaxseed fatty acid pattern used in this short-term study had minimal effect on the feed intake mechanism. Glucose
and urea nitrogen levels were affected by experimental treatments. The addition of flaxseed increased blood
glucose levels. This increase is likely due to the production of more propionic acid than rumen acetate. Studies
have shown that ruminal fatty acids are biohydrogenation and increase propionate relative to acetate by altering
ruminal fermentation pattern. The main precursor for gluconeogenesis activity in the liver is propionate, which
stimulates glucose production. Propionate is a volatile fatty acid produced in the rumen that is a major precursor
of glucose in animals. Increasing unsaturated fatty acids due to flaxseed consumption improves the energy status
of the animal and reduces the deamination of tissue amino acids for energy supply and ultimately reduces the
nitrogen level of blood urea. Dry matter and crude fat digestibility were affected by experimental treatments. The
oil in flaxseed is coated and will not interfere with ruminal function, so it is not expected to have a negative effect
on nutrient digestibility and even improve it in some cases. With increasing the use of flaxseed, the digestibility
of insoluble fibers in neutral detergent decreased, which higher levels of unsaturated fatty acids in flaxseed can be
a good reason to reduce the digestibility of insoluble fibers in neutral detergent and can be inferred as follows. Due
to the increase in unsaturated fatty acids, ruminal fibrolytic activity is affected and due to the addition of flaxseed,
cell wall digestibility is reduced. Experimental treatments could not have a significant effect on the ruminant
behavior of ewes.

Conclusion According to the results of this experiment, extruded and micronized flaxseed at the level of 10%
can be used as a source of energy and protein in ewes' diets.

Keywords: Blood parameters, Flaxseed, Nutrient digestibility, Performance, Sheep.



Olpl (o01s poke Loy 4y
Homepage: http://ijasr.um.ac.ir

»..Cz"b;u’,cz»

)‘jﬂv—qﬂﬁ%u oA :Jﬁaﬁﬁébs ) 6JJT}MQSL“USJJJCJE"“ Sy

BTERCE m&aﬂ.&,& «Y‘_,?.JJS & a'*'“_;:\.ﬂw siaan
LV

VEe /N0 s S5 206

VEC RN s st

MYEONT Gll (ol pole loedgly didssS Jlg5eis U3, 5 (S5 sl d gdie

LRV

5 S bl B (ghie dlge pan Sl iy 5 )Sles ISl (g9l 5 Cilies (slaig) g zobas SIS Ly pslite 4 (talej]

g sl Can 4 okt Wl )b B 53 p,SohS FVEY/A adgl 59 pSibo b lin 315 @l (e ol FY s plonil siiussS 5 lgseis lid,
Vo 0359ySu0 LS Wb w3 0 pb ST Wl woyd Ve pld LS &l o pd B (LS s ey dalid 09,5 1 Jold by o WA s ST i
FuSB 3 KL gy 4 0 mead CablB (6,503150) 5 35 iuST LS &Iy ko yd Vo g 35 ST LS by Lo yd B 09,0 LS Al Mo yd
Sizs oole o (gl sine 3 S b (65918 g ol ad pll Gialojl 31 59 53 (i 3l oS aiged g Glalojl BT 59) ¥ 3 sl 5 Jgloral
B o ol (a2 5 Std ol mdn Sl (lojgl (59555 SIS e el Sy s ol g dlisy (g Ll Bl gy (B
bl Sgup Coge oy Vo o 5D 0l (6l ,8 ST Al 1 edlinl ums o LS Lialejl ol ol 4l 4 dn g b cd )5 15 isle]] clales
b yiae 02 3 (S99 S35l arie Olgis 4 803 Ve a3 05uig)See g 3951 LS A Sl Gl oo i3S (S ladxinl ) (B g wan

gad 03lawl

AdargS ¢ g3ke dlge muan Cubld (S Wl (gy9l 3 ¢ o5 (slaastimly iy 3,Sles 1 gulS CilolS

oS &l (Didarkhah, 2014) 15l e age il 435 5 45
Cublyy Bl gy Sloghd STy 4 Al Lo p3 Ae Loy a5 Sloj
Lt S 68 Hlans 1S slaails (Duguid et al., 2007) g4
S 3500 o] (S5 s gl (2)B sy )3 9290 g
Y game 3l go JSie |) GUS @l (69118 9 59,5 el 93 )
sl o9n 5 Sipl @le me Sl I (dlbS 5 ,4) oS

LY RV

5 e el o o Cuol Ao aiy oS K S

o8 jl g g pAS (89 LS 298 o0 S o> S|y ieen
Col ot sl 3 (g psba o sun xS o
€g) 4l oyl .(Didarkhah, 2014) usb o ol o5 5 Lo oo
Cuol gldlypne Gy ol gy 04 o oS juliS il 03 > &S

Il 55 5SS b qilio 5 (65,5l pole oSl ol ple 0uSils gl g pls 435 09,5« 5> glaite puaedl] § 5
il B S L e 5 (65)5LiS pole olSly ool pole 21Sl ¢yl 5 pld 4115 05,8 slishY
.Olﬁl ‘OK; ;O@; ‘_;v.u.]a égLLo 9 55)9‘..35 P9Lc oKy ‘@‘J ch oaSisly 99.:]9 9 Fb PRES 09/5 )QJ&AI—Y'

DOI: 10.22067/1JASR.2021.69620.1014

(Mostafa_hosseinabadi@yahoo.com e ki g)



http://ijasr.um.ac.ir/
mailto:Mostafa_hosseinabadi@yahoo.com
https://dx.doi.org/10.22067/ijasr.2021.69620.1014

1Y 5l ) oylods OF ol ol ! (oolo pole leiepgly 4 pii VP

National Research Council, ) 5,5 s pbxl sl jo,3 ool
Mustafa et al., ) -l,\Sen 5 tlras @isdS Cldlas ) (1973
9 Sphd s Gl cuw ()5 0389)Sue o Wdly Lis (2002
Sl SoAllasS 31, S SlaeSs Sl s i CublB ol
Petit et al., ) o)Ken 5 cuy adllae S )3 (cpiorad 295 00
odlitwl b S Sid oole g jod o 1y ol 3l (2004
oon b3S IS Qe el 55 (35 0589 )See
05595550 5 39seS] slagbey b oS )l gl slamglie
G o a5 e bl Gl & w5 S 038
Gonthier et ) wis glawss pan cubl ials cow 59|
Sl Dlgs o (1958 039S0 &S A yastiie ¢ picen L(al., 2004
8 odlatul 3y90 4eSd > pla s Sy lytee il
U gy Baa L gy cpl0ad 1S3 e & dogi L1 28
2o P oS w658 Gl cla b, g gokans I eolitl
et )8 5 (9> sladominl b gdne dlge madn bl 2 Slos

W pbol AidwsS s

L g 9 dlge
Y Ghalojl ol 3 0 plonl Jlgsus Gl pged > 30 ol
2 5ok YVEVIA &l i (Siin b i 315 @l e ol
AD s S5 5 g sl ik (ol S 2 b B
b oyd B g9l Hlas (S @l e ald Hlow : ol b jlos
Jopd O g9l Hlag pld LS Wb o> Ve ol Hlas pld LS
059,50 S il woyd Vo ols Hlewd ol 0359,k LS Al
Vo ol Jlows g ol D9 5SS by Moy O (g9l Hlows ol
VO ol aS 290 5955+ 080 JS 00 0 g yuST LS &ild duo yd
3 oy oglis s oo (salo] 0393 5o, ¥O 9 (s pdacle g,
228 2g S e g gyl g orimd JSits S 5 L
s 4y g 1 o0l il 69,5 o o b S 51 Slows
Olej e gilio B (535l (lge 39) 00 il oy oY (135
oiagd > Jpbnal B 15 (i o5 c53holes 55 e
9 b 5 opelS I8 1o gl oy 3 lols B 5
2 eSS0 bl cdolejl (sloo > iYL,
i8)S )18 ladss g e LSy kulpd 53 e plos il
P ong N om Shed pas ¥ g o A el wag 93 53 jg)
2 @l Sygon bpl omes (L85 00 )8 bjine )l
Ol ol wyid g B e (5SS Pl ()5S (sla i
S 815 S ) 4 o et okl 5 Sl 2l
595 2 0 3 S Hges g hleil BT 5, ¥ 50 el 5> Joloxal
oils ol tilofl glooyn copdy Sygo Stalef] B
Nao doyd ¥ Joda pd b agd (Y++V) NRC ;5 ouds apogs
S S 4 il (slaslo o (s Sl ks 5 5T05

24 Mawgo i 39590 (gl iins dlgo aitud EALS gzl
oS 3 i 5L Gl SO cllgs
0 deSd 3 )Slas S0 el g 900 (S GBS gt
Jo5 als 1 ookl Lol Bun (Ambrose et al., 2006) g
2 E5d5e Sellgid deol 5 ¥ Kol o (sland e (2l (1S
ol e sy Sl sl Sl (3 5 (255 Y g
(Ambrose et al., 2006) 15b o LS Gl 9y 10 39350 iy
OL?.\JS)‘M g5 sy Si9pd > il 38 Cal ONes
Sbjhs lasxe sloyiol b ol slacisis wle als »
«$5p) gio el ogMe Ly (slaawl (Geragily, 2017) wisb
Shl> QU5 (s gy it Gy )3 (65505 glad Shos (41l
ol 78 baugie jgbody & ol (saide 5 Cgiye o latwl
Nge 90 gl G laaswl e o Sl gluil Oy sladw!
Sl 5 ZVA 3905 13 55555 Gy (ladw] 4 powge 4B

Debbie and Thiessen, ) aes o JoSis 1) oLSaly (eqy 4

e sl I ol cueal 4 4y b ggexe (2011
Hlogad oy a8 5 Cunl p3¥ (SISl 02 5> el e
o) sl qulio 5 oolinl 4 A5l (g5 4y e giie dlgo clale Llod
Al auslys ST slipl pan ol Sew J s sl
51 ool alawly 4 old (clmodygl 3 cutsS Sy LS ) e
Oy CueS o Sl (65908 bl 02 sl g5l lie
3 S s pdar o g 3,Sles clopasls Lld jl Logas by
2y )8 40
ok 1) Mo (glayizas dlge dgng e &y LS &l
tlizee (gl hy) S oo 2Ll 4eSd ) (5l ksn § i
Olgise 9 9550 o3l IS s e 1318 3500 5 53918 sl
35 o)l (15 395181 g (1,5 o389 Sue Wil laihg; 4
Aol cids )3 o59,mST AT, (Sabahi and Vafadar, 2009)
5 5 oo dhuogay g Cusl oligS Gloj 53 Y slod L dlge o5l
(Eed Sedee psl HliS g (Sl il @)l b,
Lol cov Sl o b 45 cul 5 5 Sles Ky 39,55]
SLSL S8l s 4y s 9 2950 w5y 9 gl Lt Atgy
o,)ly> (Sabahi and Vafadar, 2009) 155 o lewis lid
Sapile us 0l el oS wuld b ous Jlesl
5 oab S Wby asle gy, laaily o oy clyd Bl iy
S50 (22 4 4SS lag Sl (o yied GialS el o
WBgd Wgy iz b gludl o 2 Slassul Wl o0 9 398 00 0 5
(Kennelly, 1996) 1S cladloe (glawesis ygmulig)damsn 5l 1,
20> VB (19381 5l w5 g299ySue 4l jloalatul b (135 05395
oY gyl a8 el S p0 aady Y Gle 4 laaih 4 cugb,

1- Poly Unsaturated Fatty Acids



VWooss, o Shee p olsS ails (5,50,8 cilisee slasis, o ok (om)

Casl 005
(s odlo duoyd) dlisl 3y90 (tslojl (sloopr pliowd oS 5 g (STy55 dlge clinl =Y Joaa
Table 1- Food Ingredients and Chemical Composition of Experimental Diets Used (% of DM)
inlojl slao p
Shd e S5 Experimental diets
ingredients Conrol  flax  fiax  Micronized  Micromized  TERERS  BXOCE
5% 10% flax 5% flax10%
oS olS
Wheat straw 35 35 35 35 35 35 35
garely grain 29.1 26.47 23.84 26.47 23.84 26.47 23.84
o 10 10 10 10 10 10 10
Corn grain
PS5 Lo 10 10 10 10 10 10 10
wheat bran
:8‘;/%:1 meal 11.02 9.24 7.45 9.24 7.45 9.24 7.45
s
J
Flaxseed 0 5 10 S 10 5 10
LFfa)t} »% 1.88 1.29 0.71 1.29 0.71 1.29 0.71
R e 1 1 1 1 1 1 1
Primex!
Sal S 1 1 1 . . . .
Limestone
?aTt 0.5 0.5 0.5 0.5 0.5 05 05
Gl Sy prde
Sodium bicarbonate 0.5 05 05 05 05 05 05
Chemical composition lews <8y
prdgalie L6 (g5 5l
Metabolisable 2.45 2.45 2.45 2.45 2.45 2.45 2.45
energy (Mcal/kg)
S oole
Dry matter (%) 87.42 8742 87.42 87.42 87.42 87.42 87.42
Pl gy
Crude Protein (%) 12 12 12 12 12 12 12
v Jbel S 9768 3791 3815 37.91 38.15 37.01 38.15
odiyad 55 Jsloeels LI
] 23.84 2398 24.11 23.98 24.11 23.98 24.11
ADF (%)
P b
Crude fiber (%) 3.05 2.89 2.73 2.89 2.73 2.89 2.73
E;f:ium %) 0.56 0.55 0.55 0.55 0.55 0.55 0.55
Jow:
Phosphorus (%) 0.4 0.37 0.35 0.37 0.35 0.37 0.35
PS5 e YVor e magsie ol o aoly Yoo o Epabing o Modl o 25lgV0 - o+ D3 pabing o Mol oy 215 A Gelig Jold Gaxe g oeling JoSo'

i ) o Vo IS @8 e Yere palp)S eV e b8 eV e poils 08 oo Yoo e S e Veeee
3l o S5k )3 £ eV e STl p)S (Jeed0e e peise S LoV

ST PRLIR

1 Each kilogram of vitamin-mineral premix contained: Vitamin A (1000,000 1U), 250,000 international units of vitamin D3, 3,000
international units of vitamin E, 32,000 mg of magnesium, 10,000 mg of manganese, 10,000 mg of zinc, 300 mg of copper, 100 mg
of selenium, 100 mg of iodine G, iron 3000 mg, cobalt 100 mg, phosphorus 30,000 mg, monensin 1500 mg, antioxidant 100 mg / kg.
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Feed conversion ratio
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11- Control without flaxseed, 2- 5% flaxseed and 3- 10% flaxseed,4- 5% micronized flaxseed, 5- 10% micronized flaxseed, 6- 5%

extruded flaxseed and 7- 10% extruded flaxseed.
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Table 3- The effect of different levels and processing of flaxseed on nutrient digestibility
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ab\/alues with differing letters within the same column are significantly different (P<0.05).
1 1- Control without flaxseed, 2- 5% flaxseed and 3- 10% flaxseed,4- 5% micronized flaxseed, 5- 10% micronized flaxseed, 6- 5%

extruded flaxseed and 7- 10% extruded flaxseed.
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Table 4- The effect of different levels and processing of flaxseed on blood serum metabolite (mg / dl)
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parameters Experimental diets! SEM P-Value
1 2 3 4 5 6 7

S5 61.5° 63.67° 66.28 67.7% 672 65.5% 71.52 2.38 0.1368
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ab\/alues with differing letters within the same column are significantly different (P<0.05).
11- Control without flaxseed, 2- 5% flaxseed and 3- 10% flaxseed,4- 5% micronized flaxseed, 5- 10% micronized flaxseed, 6- 5%

extruded flaxseed and 7- 10% extruded flaxseed.
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Table 5- The effect of different levels and processing of flaxseed on Ruminal behavior (min/day)

56 ) ialojl cslnoyes P-Value
Parameters Experimental diets! SEM
1 2 3 5 6 7
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11- control without flaxseed, 2- 5% flaxseed and 3- 10% flaxseed,4- 5% micronized flaxseed, 5- 10% micronized flaxseed, 6- 5%

extruded flaxseed and 7- 10% extruded flaxseed.
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