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Table 1- Percentage of feed ingredients and composition of experimental diets

Flaxseed (2%0) Pepin (0.2%0) Control

Feed ingredients (%) 33-44 44-64 33-44 44-64 33-44 44-64

months months months months months  months
Corn grain 56.2 58.05 56.6 58.05 57.56 58.25
Soybean meal 6.5 4.7 7 6.3 6.2 6
Wheat grain 11 135 12 14 14 14
Wheat bran 155 14 15.5 14 14 135
Linseed 2 2 0 0 0 0
Pepin (Omega-3) 0 0 0.2 0.2 0 0
Soybean 0.3 0.3 0.2 0.2 0.4 0.5
Calcium carbonate 0.9 0.95 0.9 0.95 0.95 0.95
Anzimit 3.6 2.2 3.6 2 2.8 2.8
Concentrate! 4 4 4 4 4 4
Percentage of nutrients
Dry matter (%) 88.7 88.7 88.7 88.7 88.6 88.5
Crude protein (%) 11.03 11.03 11.36 11.36 114 115
ME (kcal/kg 2751 2751 2739 2739 2740 2760
Available phosphorus (%) 0.33 0.33 0.33 0.33 0.35 0.32
Calcium (%) 0.75 0.74 0.75 0.74 0.7 0.74

The amount of vitamins per kg: A, 11000 1U; D3, 2500 IU; E, 100 1U; B1, 3 mg; B2, 12 mg; B3, 55mg; B6, 4 mg;
B12, 0/3 mg; Folic acid, 2mg. Mineral content per kg: CI, 0/18-0/23%; K, 0/6-0/9%; Cu, 10 mg; I, 2 mg; Fe, 50 mg;
Mn, 120 mg; Se, 0/3 mg; Zn, 110 mg. The amount of amino acids per kg: Lysine, 0/49 %; Methionine, 0/31 %;
Arginine, 0/58 %; Methionine + Cystine, 0/48 %.
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Table 2 - The effects of experimental diets on the studied parameters

Blood Parameters

(mg/dL) Control Pepin (Omaga3) Flaxseed P-value
GLU 239.8+8.04 242.8+8.04 250.8+8.04 0.6
CHOL 107.84+5.56 105.9+5.56 108.1+5.56 0.95
TRIG 126.6+18.45 123.1+18.45 172.3+18.45 0.13
URE 1.86+0.47 2.13+0.45 2.88+0.44 0.3

GLU: Glucose, CHOL: Cholesterol, TRIG: Triglyceride, URE: Urea.
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Table 3 - The effects of experimental diets on the studied parameters

Parameters Control Pepin Flaxseed P-value
Testicle Weight (gr)

Total 16.22+0.9 14.77+0.9 16.51+1.08 0.383
Right 15.92+1.27 15.29+1.27 16.5+1.52 0.83
Left 16.52+1.27 14.26+1.27 16.52+1.52 0.38
Sperm quantitative indicators (%0)

NPM 41.8+2.52 39.5+£2.52 38.7+£2.52 0.634
PM 47.4+2.96 47.8+2.96 45.6x2.96 0.857
IM 11.2+4.38 11.5+4.38 15.4+4.38 0.756
Concentration 161.56+16.58 170.31+16.58 182.46+16.58 0.678
Sperm mobility indicators

VSL 19.38£3.13 24.57£3.13 27.06£3.13 0.27
VCL 53.7£7.06 63.37+7.06 68.57+7.06 0.35
VAP 24.99+4.06 30.76+4.06 34.55+4.06 0.31
LIN 30.4+2.16 30.48+2.16 31.49+2.16 0.92
WOB 40.59+2.36 40.04+2.36 40.91+2.36 0.97
STR 68.57+1.78 68.96+1.78 68.74+1.78 0.98
BCF 14.54+0.67 14.63+0.67 14.77+0.67 0.97
ALH 1.95+0.27 2.25+0.27 2.43+0.27 0.49
MAD 60.46+1.36 61.51+1.36 59.89+1.36 0.7
Fertile eggs (%) 95.19+0.223b 95.34+0.223b 96.36+0.2232 0.0017
Body weight (gr) 4605.27+4.662>  4615.67+6.452  4595.51+4.68b 0.0045

NPM: none progressive motility, PM: progressive motility, IM: immotile. VSL: straight-line velocity (micron/sec),
VCL.: curvilinear velocity (micron/sec), VAP: average path velocity (micron/sec), LIN: linearity (%)
(LIN=VSL/VCL*100), WOB: wobble (%) (VAP/\VCL*100), STR: straightness (%) (STR=VSL/VAP*100), BCF: beat
cross frequency (HZ), ALH: lateral head displacement (micron), MAD: mean angle degree (deg).

abe For each row, numbers with different superscripts are significantly different from each other (P<0.05). Values

inside the table are meanszstandard error.
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Table 4 - Average changes in quantitative properties of sperm during sampling weeks

Week IM (%) PM (%)

NPM (%) Concentration (M/ml)

57 18.17% 47.33%® 34.83¢ 168.51°
58 29.832 39.17° 31.17¢ 96.58°

59 3.52 49.67% 46.83% 170.75°

60 3.83° 56.332 38.33% 265.632

61 8.17° 42.17° 48.832 155,74
SEM 5.658 3.823 3.253 21.403
P-value 0.028 0.059 0.0095 0.0022

abe For each column, means with different superscripts are significantly different from each other (P<0.05). Values
inside the table are means of 5 sperm samples. NPM: none progressive motility, PM: progressive motility, IM:

immotile.
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Table 4 - Average changes in quantitative properties of sperm during sampling weeks
Week Control Pepin Flaxseed SEM P-value
57 52.22 44.5 458bc 6.621 0.643
58 492 425 26°¢ 6.621 0.077
59 478 48.5 53.5% 6.621 0.772
60 45 5P 59 64.52 6.621 0.156
61 43P 445 39bc 6.621 0.834
SEM 6.621 6.621 6.621
P-value 0.876 0.444 0.015

abe For each column, means with different superscripts are significantly different from each other (P<0.05). Values

inside the table are means of 5 sperm samples.

NPM: none progressive motility, PM: progressive motility, IM: immotile.



1% by pgys ra)b g oyl S 1 yolo Al slayog B 0pn 55 Sy ald o Y=l (424, il onlil L3l

g Lae sl Ol wsse midilanl Gl Lol
L slas asmal 358 LIS 5 asml 30 oS5m
5 o) ol ilusgol 5 euds ST cnllas
L) S5 (oS S 3 Gaas (VAAY o) 1Sea
oor slaarl S5 5o s sl b Wl B e 05aa
N=UN-Y cond GRS 5 aopel gl bod slie
L slS g e S o s Lagu s 5550k Ol 8l s
i spa oS wals olas gladllae 5o (Y0 )) il
—Y o Gastdis sl s G2 s b Q8w sud
Opoiedan GRala b S50 05 sl eoa 5 N=1/N
aola 1y NNy caws i (PUFA) lass
050 03 S MOEY Liges (255 53 N=T/N-Y s
5 sulS) ol VAR sl s ol Su3
aoped 5o N=UN-Y cans GialK(VAAVD o) Kas
ol 53 0 sate Sl gl WIT aaal 505580 b Lagusoa
3 ol ¥ovo GKaa 5 S8) sl o000
L owaas .(VAAVD oL 5 sl 5 VA4V () Kan
Cuwd 500 50 N=Y/N-N0 cald Sy il
Olo8l asaelglie o 1wl s/ J g S
GBS «S wioly GLas (Y- 7) oLlKaa 5 Al aas o
Ssgr OBy o 1) lieadd 5 0 Slee N-Y/N1 s
il 5 05T Coa elanl s o pa iy o
Ol patwe sk 4 e 85 YL L sl
Sode Al Gy we s ¥ a8l daul o by ge
2 @olSaaT as50 b I3 sl Gapoal s o
ks @obne 8l BT e o Slae ou i
Soo Gpb HF (VY GKas 5l )l
Lo ol (Shes S anlsdid plaie b SHas
5 alase) ol e (Shanea Wbl Jyial
walls 31 Jeoln li Golial osl s VAV oS
(5Lag 5ead3 samya laine il 5 (Sla oS yala
Sl Soh Gy oS il 6 S Hu Hladdll
o83 olaslR 5 lee guald Wl 8 e (VY Jsan)

sl

5 JS Slin Gl sl clale Ghlal alle 4aa 5o
Gk (0 Jsun) ool sud Ll slaa el Jals
VCL 5 VSL ais 0 (Y:10) l,Kaa 5 M sls 3adas
sala dalllas li ol cule (Siiusas PM Jlaie b
PM Concentration ;i bagis € oo las
VAP VCL VSL a5 o€ slasiells L TM
sl iie dal, IM L cute abil, ALH
6835l sl el < VAP VCL VSL
Wil gaddie sl yie 5o Laa pal oS a sie
o slaa sl Glsie ad S plag sl 4aal s
03 SadaS (slaa sl Sl Sl e (5 oo (saiddils
(e OhlKan 5 SAS) wiS o Lt GBond 55 (55
oloddlsy sy S ad suls LES Y Joas o
oo bosad Q1S ORW 5 5o gl slagepds
slas s S 5l Sl ol e sk 4 S50 Gl sla
olad G S andd Js o ool o) wals 5 e
Gola e WAL (Lgw (8 9,) wald 5 (o) Y- Ko
soladily S5 o Hlas Koo (g S ondlad s sa g
aald 5 Cng olas b danlio po 1) ud 55 slag sepas
sols Gyl wemns VAV 5 VY G 4 (L)
OB s s 05 o o s Lslass 58E 6y ol
2 86 B ) o ols s s Llaaae b
Sox wls slas b Lgessa Sa GOs bt
YA aald spmm Lo cudly Lloias GG
@ols S, ol Hlad el By il Hls s
03 pS £0R0/0V) Wuss (S 055 0SSk GRS
Gioax Eol>e 59 (s EV0/YV 5 £NN0/W il
OEalS s s Laguson (s 0o o3, Y Hale fse
Slallae o GE0As (25558 oslle 55900 o
Slasase ook » WS oose Ll (S5l
Ol b asael sl (gl S5 4S aas e pliS

(Slslie 5 plhard (58 palsd 5 lie gane

i€ Guatl wal LS5 Koo ol 4ol e diall



WV Jlo /Y o)lad YY A / cald pole (la yimgly ay i

9 u.Jl)!b‘ o.)l)‘ oo (L9 VoA

B Gusod oo Olu e oga MY Con slaal

Ry sulail oR GLALK %X Y- Cur JJLo

S ) Sl
Jolesgae 51 wils e aiibs wsa 5 3adas Ol
S Gunige BT asne uls o5 asias
S LoxnbasS oSHd e Glulasls o o)l

S dad
Sagine s H S ol alle o
cladida (A5 o popel (S 5 (Soa slajiall
popel Lo a5 Se clile (BN L Gleaa dalllas
olalXl culg Ho p Ladia plaa o St sla
555 o Lageads  (goladdld lhae Llusae
sl 131 el S il (gsla e sl

Glasas o gad aal 3 15 sudls dallles alad) oL s L da s b SHhs wls Bl suliiul «S 5 gl o

ulad Sl a3 Lo aas3dsls ol 3l o 51 siage 5 oo 010l s bl

O o9 5 Joliie e Glsie ) pale o5 b wlie
b e Olsie 4ol s (el OIS s

oaldiul vy g0 C.}L'.a.o

Akhlagi A, Jafari Ahangari Y, Navidshad B, Ansari Z, Zhandi M, Deldar H, Rezvani MR, Dadpasand M,

Hashemi SR, Poureslami R and Peebles ED, 2014. Improvements in semen quality, sperm fatty acids, and

reproductive performance in aged Cobb 500 breeder roosters fed diets containing dried ginger rhizomes
(zingiber officinale). Poultry Science 93: 1236-1243.

Al-Daraji HJ, Al-Mashadani HA, Mirza WK and Al-Hassani AS, 2010. Effect of dietary supplementation
with different oils on reproductive performance of quail. International Journal of Poultry Science 9: 429-
435.

Bangalhardo DC, Leeson S and Buhr MM, 2009. Dietary lipids differentially affect membranes from
different areas of rooster sperm. Poultry Science 88: 1060-1069.

Bernacchia R, Preti R and Vinci G, 2014. Chemical composition and health benefits of flaxseed. Austin
Journal of Nutrition and Food Sciences 2: 2381-8980.

Bleshoise E, Lessire M, Grasseau |, Hallouis JM and Hermier D, 1997. Effect of dietary fat on the fatty acid
composition and fertilizing ability of fowl semen. Biology of Reproduction 56: 1216-1220.

Cerolini S, Kelso KA, Nobel RC, Speak BK, Pizzi F and Cavalchini LG, 1997. Relationship between
spermatozoan lipid composition and fertility during aging of Chickens. Biology of Reproduction 57: 976-
980.

Cerolini S, Pizzi F, Gliozzi T, Maldjian A, Zaniboni L and Parodi L, 2003. Lipid manipulation of chicken
semen by dirtary means and its relation to fertility. World’s Poultry Science Journal 59:65-75

Crespo N and Esteve Garcia E, 2001. Dietary fatty acid profile modifies abdominal fat deposition in broiler
chickens. Poultry Science 80:71-78.

Dévila SG, Campo JL, Gil MG, Castafio C and Santiago- Moreno J, 2015. Effect of the presence of hens on
rooster’s sperm vriables. Poultry science 94:1645-1649.

Davis E, Cain J, Small C and Hales DB, 2016. Therapeutic effect of flaxs-based diets on fatty liver in aged
laying hens. Poultry Science 95: 2624-2632.

Farrell PB, Foote RH, Mcardle MM, Trouern-Trend VL and Tardif AL, 1996. Media and dilution procedures
tested to minimize handling effects on human, rabbit and bull sperm for Computer-Assisted Sperm
Analysis (CASA). Journal of Andrology 17:293-300.

Feng Y, Ding Y, Liu J, Tian Y, Yang Y, Guan S and Zhang C, 2015. Effects of dietary omega-3/omega-6
fatty acid ratios on reproduction in the young breeder rooster. BMC veterinary Research 11: 73.

Froman DP and Feltmann AJ, 1998. Sperm mobility: A quantitative trait of the domestic fowl (Gallus
domesticus). Biology of Reproduction 58:379-384.



y.q by pgys ra)b g oyl S 1 yolo Al slayog B 0pn 55 Sy ald o Y=l (424, il onlil L3l

Harper CR, Edwards MJ, Defilipis AP and Jacobson TA, 2006. Flaxseed Oil increases the plasma
concentrations of cardioprotective (n-3) fatty acids in humans. The Journal of Nutrition 136: 83-87.

Hudson BP and Wilson JL, 2003. Effect of dietary menhaden oil on fertility and sperm quality of broiler
breeder males. The Journal of Applied Poultry Research 12:341-347.

Karimi MR, Ebrahimi E, Mahboobi Soofiani N and Masiha A, 2014. Replacement of Dietary fat fish oil with
flaxseed oil and its effects on hematological and biochemical parameters of rainbow troul fingerlings
(oncorhynchus mykiss). World Journal of Fish and Marine Sciences 6: 209-213.

Kajla P, Shama A and Raj Sood D, 2015. Flaxseed-a potential functional food source. Journal of Food
Science and Technology 52:1857-1871.

Kelso KA, Cerolini S, Nobel RC, Sparks NHC and Speaks BK, 1997a. The effect of dietary supplementation
with docosahexaenoic acid on the phospholipid fatty acid composition of avian spermatozoa.
Biochemistry and Molecular Biology Journal 118:65-69.

Kelso KA, Cerolini S, Speake BK, Cavalchini LG and Noble RC, 1997b. Effect of dietary supplementation
with a-linolenic acid on the phospholipid fatty acid composition and quality of spermatozoa in cockerel
from 24 to 72 weeks of age. Journal of Repoduction and Fertility 110: 53-59.

Khan RU, Rahman ZU, Javed | and Muhammad F, 2012. Effect of vitamimins, probiotics and protein on
semen traits in post-molt male broiler breeder. Animal Reproduction Science 135: 85-90.

Khatibjoo A, Kermanshahi H, Alimon R, Golian A and Zaghari M, 2011. Effect of omega 6: omega 3 fatty
acid ratios on semen quality of Malaysian village roosters. Global Veterinaria 6: 213-219.

King LM, Holsberger DR and Donoghue AM, 2000. Correlation of CASA velocity and linearity parameters
with sperm mobility phenotype in turkeys. Journal of Andrology 21: 65-71.

Long JA and Liu J, 2017. The relationship between sperm function and diet: Tomes are what they eat.
Agricultural Research Service, USDA Beltsville, MD 20705.

Mourvaki E, Cardinli R, Dal Bosco A, Corazzi L, Castellini C and Metrics P. 2010. Effects of flaxseed
dietary supplementation on sperm quality and on lipid composition of sperm subfractions and prostatic
granules in rabbit. Theriogenology 73:629-637.

Nissen HB and Kreysel HW, 1983. Polyunsaturated fatty acids in relation to sperm motility. Antologia 15:
264-269.

Ommati MM, Heidari R, Zamiri MJ, Shojaee S, Akhlaghi A and Sabouri S, 2018. Association of open field
behavior with blood and semen characteristics in roosters: an alternative animal model. Revista
International Andrology 16:50-58.

Romero-Sanchez H, Plumstead PW, LeksrisOmpong N, Brannan KE and Brake J, 2008. Feeding broiler
breeder males for deficient feed allocation reduces fertility and broiler progeny body weight. Poultry
Science 87: 805-811.

Vanelswyk ME, Hagis BM, Williams JD and Hargis PS, 1994. Dietary menhaden oil contributes to hepatic
lipidosis in laying hens. Poultry Science 73: 653-662.

Wagas MY, Yang P, Ahmed N, Zhang Q, Liu T, Li Q, Hu L, Hong C and Chen Q, 2016. Characterization of
the ultrastructure in the uterovaginal junction of the hen. Poultry Science 95: 2112-21109.

Yan L, Long Bai X, Fang ZF, Qiang Che L, Xu SY and Wu D, 2013. Effect of different dietary omega-
3/omega-6 fatty acid ratios on reproduction in male rats. Lipids in Health and Disease 12:33.

Zanini SF, Torres CAA, Bragagnolo N, Turatti GM, Silva MG, and Zanini MS, 2003. Evaluation of the ratio

of omega-3/omega-6 fatty acids and vitamin E levels in the diet on the reproductive performance of
cockerels. Archives of Animal Nutrition 57: 429-442.



VeV Jlo /Y o)ladds ¥V als / cold pole (sla yimgly s i o g (ol 0l5 odde (ggme MY+

Effect of dietary omega-3 and linseed oil on sperm quality and fertility of male
broiler breeders

Z Mahvi?, S Moghaddaszadeh-Ahrabi** and Gh Moghaddam?

Received: December 24, 2018 Accepted: February 29, 2020

IMSc Student, Department of Animal Science, Agriculture & Natural Ressources Faculty, Tabriz
Branch, Islamic Azad University, Tabriz, Iran,

2Assistant Professor, Ph.D., Department of Animal Science, Agriculture & Natural Resources Faculty,
Tabriz Branch, Islamic Azad University, Tabriz, Iran,

3Professor, Department of Animal science, Agriculture Faculty, Tabriz University, Tabriz, Iran,
“Corresponding author: Email: s.moghaddaszadeh@iaut.ac.ir

slo g}y i i ]
cals @olc = | Journal of Animal Science/vol.31 No.4/ 2022/pp 99-111

|“""""5°‘"‘§\_// Research | https://animalscience.tabrizu.ac.ir

© 2009 Copyright by Faculty of Agriculture, University of Tabriz, Tabriz, Iran
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)
DOI: 10.22034/AS.2022.31015.1471

Introduction: The main challenge of breeding broiler chicken breeders is to increase the
production of fertile eggs. About 70% of the decline in production during different stages of
incubation is due to infertile eggs and fetal mortality. The fertility reduction in male broiler breeders
after 50 weeks has been reported as the major reason for production loss. This reduction can be
attributed to different factors, such as age, weight, and low semen quality. The composition of
seminal long chain fatty acids (FASs) is affected by the diet. Thus, a diet enriched with n-3 and n-6
FAs can alter the proportion of fatty acids in the sperm and semen plasma. Upon consumption of a
commercial enriched diet, concentration of n-6 FAs in the sperm membrane phospholipid increase.

The phospholipid of the bird sperm is identified with a very high amount of C20-22n-6
polyunsaturated fatty acid (PUFA). The increased level of n-3 FAs in poultry sperm has a positive
effect on the quality of sperm and fertility, which leads to increased sperm motility in the oviduct
and fertilization. Flaxseed is the richest dietary source of n-3 FAs (i.e. a-linolenic acid) and lignan.
Dietary flaxseed has shown increases n-3 PUFA in the phospholipid membrane of the sperm body,
while decreases n-6 FAs in the membrane of the sperm head and the ratio of n-3 to n-6. In addition,
the sperm motility has a positive correlation with the concentration of phospholipid and a negative
correlation with the amount of free cholesterol. The ability to synthesize C20-22 PUFA is decreased
in phospholipids with age. Thus, the inclusion of a-linolenic acid in the diet of male birds results in
an accurate balance of n-6/n-3 and a rise in the ratio of phospholipid/cholesterol, leading to a
potential dramatic change in the fertility. Therefore, the aim of current study was to investigate the
effects of dietary flaxseed on the sperm quality and fertility of broiler breeder roosters (Long and
Liu 2017; Wagqas et al. 2016).

Material and methods: This study was conducted at the broiler chicken farm of Kimiaparvar
Company. Three experimental diets were tested on 1920 Ross 308 roosters which were located in
six halls. Therefore, there were two halls for each experimental diet. The first phase was performed
on the 33-41 weeks old birds, after their peak of production and the second phase was continued
from 53 until 61 weeks of age. The experimental diets were as follows: 1) control diet, formulated
based on corn-soybean oil diet (n-6 FAs-rich), 2) 0.2% omega-3 (n-3 FAs-rich (commercial named
Pepin)) diet, and 3) 2% whole grain flaxseed diet. Five birds from each hall (n=30) were randomly
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labeled for weighting, blood and sperm sampling. The blood tests, such as glucose, cholesterol,
triglyceride and urea were performed using the spectrophotometry technique. The evaluation of
sperm parameters and the analysis of fatty acids were conducted by the CASA system and the
chromatography method, respectively. The labelled birds were trained for semen collection over
three weeks with abdominal message method. The semen was collected once a week from week 57
to week 61. The collected samples from 5 birds were pooled before the analysis. In 61 week, the
testicles of the birds were weighed after slaughter. In addition, the percentage of fertile and infertile
eggs were calculated during the period. The birds were weighted from 33-61 weeks. The evaluation
of sperm characteristics included: straight-liner velocity (VSL, um/s), curvilinear velocity (VCL,
pum/s), average path velocity (VAP, um/s), linearity (LIN, %), wobble (WOB, %), straightness
(STR, %), beat cross frequency (BCF, HZ), lateral head displacement (ALH, micron), mean angle
degree (MAD, degree), progressive motility (PM, %), none progressive motility (NPM, %),
immotile (IM, %), and concentration (M/mL).

Results and discussion: The dietary treatments had no significant effect on the blood parameters
and the weight of testicles. Similarly, in a study, 3% fish oil diet did not change the testicular
weight of broiler breeder roosters (Hudson and Wilson, 2003). The overall effect of dietary treatments
in CASA data and motility parameters was insignificant. This is consistent with the previous
studies, which showed that diets with different sources of fats have no effect on the sperm motility
parameters. It has been reported that the flaxseed oil had no effect on the volume and concentration
of semen. According to our analysis, the dietary treatments increased the number of fertile eggs.
The percentage of fertile eggs in the flaxseed group was significantly higher than the Pepin and the
control groups. However, there was no significant difference in the number of fertile eggs between
the Pepin and the control treatments. Studied have confirmed that reducing the ratio of n-6/n-3 in
rooster sperm by adding a-linolenic acid sources could lead to increased fertility (Al-Daraji et al.
2010). The treatment had significant effect on the body weight of the birds, where the lowest body
weight was from the flaxseed diet fed birds. This could be beneficial for the producers as weight
gain leads to reduced fertility in broiler breeders.

The biological studies on the fertility of birds have shown that the lipid composition is the main
determinant of the required flexibility of the membrane for the flagella movement and the
penetration ability of the sperm, which would facilitate the acrosome activity and the fertilization.
Conclusion: Manipulation of the phospholipid fatty acids of the sperm membrane with the enriched
n-3 fatty acids diet improves the fertility in roosters. Our weekly results indicate a significant
improvement in the motion parameters and the quantity of sperms over the course of study. This
effect coincides with a significant increase in the number of fertile eggs in the flaxseed group. The
flaxseed is readily available and inexpensive source of n-3 FAs and lignins that has more significant
effects on the fertility compared with the expensive cost fish oil. Therefore, the whole flaxseed is an
ideal dietary supplement for the broiler breeder roosters, especially for the old flocks.
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