slogiagly
ol @olc
s~ Remares Y B YY Glowo VYA Lo /¥ o)leds YV il / ol pole (gla ying}y & i

99 (A 98 jale ¢ po (il Sl (paad g el Sl gaaaadl 68 b a5 Gud Sy (bl 95
sl gi 098 sle

T gmge pols s 915215 oiiae ML (lunad

AVINE 5y &b QNN 2l ys 550

O o 8ils b mlin 5 (55,5LES 3 13 pske 05 S Al ulid S i ol ls
O o8l b mlie 5 (305LES s 13 ke 05 S slal T

Ol eomlrs gy cpalys Aol o ol 33T ol&ils ¢ ol o she 05,8 Slisbeal T

Email: esmaily.lida@alumni.ut.ac.ir ;45 J s®

ouisa
O 09 5902018 sla s Lo olaS sla Skl SuiSla (BOL) 5 sde ulse suae LS (el s Sladlas diss
608 sla s 5u 300 b san e b 5ol Hskie 8 ZalaS Gl idua (Sa K sule fae 9 Slae g
VY- L GalesT s Gligy ad aladl (GAA) e S 1 5asl € b 5 63351 G Sy (ISl 5 (s S 50lef s
Sl 5 (2138 e o 53 NY 5 Hie ) CAA s 5o Joliti (s 58U o e 4 VoA (uls s Hals § o dalad
Loomsol 5l ad alad) S58a Y B ot i o) 5o (238 85 wum 5ue /A 5o/ /Y o) 8058l 05, ehas
5 O30T Jalie S gl ab fpuaas SIsa 3T 5 o Slee clivs gl hand 5 bd cuals 5l sl
gl 51 el sson ¥ o por—sl 3585 5 Gl s s 58 gl s 5 (P[0 0) s Slagpime 5550k bl s GAA
IS (—iS4a sa BB 5 (uad 5 §0pd3 Gl 53 GAA 5 803381 33,1 J31L(P<-/20) wss Llafae 55T (il 53]
L o850 Slsl8 Gralodl el 35T Gusidl g a (P<+/-0) usmh Jlaine s Gidisy caaay 5 (GY §se) 0590
L oslrad 350 om0t /¥ 038l b a5 §eads €l Gasid 5 ot (0 5Le)) s oS g
Closs s Bos Gle) e s 5ar /A 5 /1B 838l 55357 Glime Gl b ad Juola wars IS sl S
fropss US Gl (gl 5 fyopidS IS Gl (sl pmeaa BB (03,0 Sl el G338l sl 5o B Sl das sk 4
cIAV Ao G55 o g saa (35T Gladal b Gl 5K 5 sanl 5 i s pee¥ 5o popesl 358 (o iSan 52 L
deo L0V Jleel b | (i 00 slaialy b 5580l das 5 (l0me 31 G «S ik uy50 0 ws SuV/TE 5/
sl S anai . sl aim HUV/TY 5V e /AN AT S e ok sl su il 3Ll sle GAA
GRS T A Guly s (3 S 5ulef ye G slaaly b 55 suid a5 (35T Ll (Giube T Gl @l pubeal 5

il 5550k Sies 51 05301 O pads a3Sls GAA a3l 5 wlad oo 15 85 ol s

Aol Sl sl € (503, (A S Hube § e isuals (8514



WWAS Lo /¥ 0)les TV ils [ pold pole (cba yingy @ i

5 iy dld sl G SLS (YA GlSea 5 S))
ol Gl g ATP S 4 IS5k 4 223 5 298
Pl OB pplie 98l Huls £y 8y S5 s o
0SS 4 GAA Las ol ol (818 886 Gl sl
al) b saaldio dpuale 5 G oa (IS &SI GRINIL
oS (YVY oKan 5 Jude Y-V aAD,K0a
soua o GAA 3538l b (glaadlos (YY) olLSaa
(i S ubs f e e Jus Glgie & suble Cpuaoals
1 Lagreads 500k 5 oslonta s cubls o 9 s
09 GAA 6,0 VY Jusidl (aiman 0 sad a8
ealo 5o o03,] BB Ol b Oles sladass sns
Sho) 5 Sty s (0357 wid 5 9 Slee 5 ol S
5 GAA a8l 31 Giube 5T cnl 5a (YT LK aa
S 5obe f e 9 Slae 53 (535,18 s5un 5o 53,1
L s oo 05,1 Db 5 (s (S8 B0 (s

A Oaal 8 a0 GAA JLA.Q‘

Lagdiyy 9 9l

08 Giw J3 YA Lol s solo § e ka8 VY- ulaad
olas LB w5 pulaal s (503 < S 51 (Siaa
208 poesie Y/oXV/Youlasl 5o 0n YY Lo g ola 3
o5 el L (s (ST G B 5 S
claal, b allas S0 caelea - ol el
i yad (YY) YAl G

ile T jlasd

352 (£7Y) JoosiSb o pm @ slass A Jola Gale)]
23 pSVY 5 5h—n) CGAA pla o ¥ Jolti Jolse
F Sha ) su 58 505,T duelas | el £ g (2 Sl
S Omead obie 4o o (pSLLS Hu a8 4 5T
U 4 a5 b s w3 55, aslan

! Sterol regulatory element binding proteins
2 Guanidino acetic acid

3 Arginine-Glycin amidinotransferase

4 S-adenosylmethione
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Tablel- Ingredients and chemical composition of diet

% Ingredient <1, 54 ol
50.45 corn =3
16.04 Soya bean meal, 42.6% CP L s dlai<
22.11 Wheat 2.
0.68 Corn oil =3 e,
1.26 Dicalcium phosphate oliws s s
7.45 Mineral oyster shall juse Sus
0.31 Common salt <
0.25 Mineral premixes! suas olge Jo<o
0.25 Vitamin premix? welis 5 JoSo
0.14 DL-Met, 99% ys 5150 — Jless
0.02 L-Lys HCI, 78% 54 — JI
0.02 L-Thr jog5 - J
1.02 Sand? .l
Calculated nutrient content siis sl ge

2800 AME (Keal/kg) auu! sslie Jils (5351
13.1 CP alx o5
3.2 Calcium ayuls
0.32 Available phosphorus . sies Js6 sics
0.15 Sodium aue.
0.57 Lys ol
0.56 Digestible Lys® asa L5 ;5
0.37 Met (s sii0
0.34 Digestible Met aaa L5 00 o1
0.61 Met + CyS piiuut i siia
0.55 Digestible Met + Cys aiia (Ll5 ¢pieaset i saie
0.48 Thr (s
0.45 Digestible Thr a.sa b ¢, 5553
0.75 Arg ;o551
0.73 Digestible Arg aaa Jil5 ¢,55,1
0.00 Guanidinoacetic acid(GAA) sl Sl suusl £

Provides (per kg of diet): vitamin A (retinyl acetate), 12
000 1U; cholecalciferol,3500 1U; vitamin E (DL-a-
tocopheryl acetate), 100 1U; vitaminK, 5.0 mg; thiamin,
3.0 mg; riboflavin, 12 mg; D-pantothenic acid,13 mg;
niacin, 50 mg; pyridoxine, 6 mg; biotin, 0.66 mg; folic
acid,2mg;vitaminB12, 0.03 mg;copper (CuSO4_5H20),
10 mg; iodine (KI),2 mg; iron (FeSO4_7H20), 50 mg;
manganese(MnSO4_H20),120mg;selenium
(Na2Se03), 0.3mg; Zn (ZnO), 110mg.
2Sand was replaced by the dietary treatment groups.
3Values are standardized ileal digestible

'lon-Exchange chromatography
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! Sheep Red Blood Cells
2 Immunoglobulin M
3Immunoglobulin G

4 General linear model

Saalsd) s ohidig » of olEiie 5 03,1 3 s @
uﬁ%&bﬁpﬁaﬁ}_&éa‘(Y'\'cﬁéﬂ‘JJ
e 53 oale 3T slasaly 5 Susa 5o ssa go slag e
08K b 5 sad (55108 (i) Ol som b ((S5aa Y
LS‘A:".’ QSJ@}%B x&: wLJ:QA BL ‘(\‘"i) O‘J‘SMJ
6100 99 e5ad oy Ol sy pae Sy 65 4y sk 4t S
ba S aSile)y (gl 4w 8 5ad (QUS U dgane Giud g
olea s gy 8l o By (g5 e S
aadeaMQm@pxﬁuu&@u;
LmeZ&‘x?mJuiﬁgﬁbﬂdeaaubﬁg

RUAK)

PR eSSl ads ial s gge )
(SRBC)uiées g3

O o8 g e Jsesa Sl plwnns Sysad ol 4
O3Bl Jlsie 4 i€ 3e 8 Ju 5l Sida
o8 slad B w0y O paeeilis w0k suliin)
© Jolae ol ok g Gallis olisd 3L o sad Ja
inbesT aaly 58 51§ 5o dalsd g s il Lot /Y Glae
S (YA OLSes 5 8)ad 3y, 358 s dlae 5o
083 sla s Jb w3 (sSisAa aas Sy, wda
{198 +IgM] S paaly Slae (nd sl ot alail
<18 AlKa o ok soliil & e clisd o gan (3,
385 oAl Ge (1002) su gL Ho a8 A e ga
Jbe Olsie @ a b sws G ulis K san o oo S

19G G sloe -(VAVA Sbiays 5 OIS) b s 5uly
ok 5k laa b a8 SRBC e Ly 1321 S IGM 5
08 SalesSee VE-r alle L) JSBIGLIS 5o s a5
196 cidia o < (oliwd ol o 30 3 e V- -
0 pulaa @b BT (S by 5l e Gl 5w 5
332 1gM Gyme S uimju V0 ol b J sUIGIS 50

IRV IRV “



vy 355 0y93 Sl 5> (2355 ke 0 3l S e 5 el StolgaadlsS b oyl b Sy Ul

cob— b slasna 5o 3o pds 5 a—nd alis (sl
SRR EER TS PR UR V) IRV R SYRE S (PR o
Olaien a8 (WYAY)LlSen o ol aallls
doie Jogson —eSoma 5 b s Mgl (i30T
o b 5!

slaialy 553 s b sl 553 pobs ssla bseu

Olowe Cnl 51 3L am 0+ 5 Yo Al 4 s GBL02

Sood wly s slas s 4 YL G S

S0 Olal8l 4 sade wud e OLL o 5L
S s e 50V 5T (lhae 4 S 4 foepdS al s
S eomly Sl L S5 Bro el aals 6y S 4
3505098 G OIS Ol G 3RS 5y o8
lia o S50 sladsls 5 (o218 olad 551 (&b
Sloae 03 3550 (858 s S B p s S G sn
OB db 5 Ohsa Gl A e LSS leay,
o e B LasB 1ol wal S5 L W,
501 aS (5 5y S miae Do 8BS Sl G S oA
S5 k) oblow s S deds (pad 4w s 0 DS
Sl oo $oSsla ae o LT ol 5 el slanan]
29 Slagine ©sli3 ate (YooY SlSan 5 sal3diS)
RAS L slasy 8 5o feadd Wl S Gl
b 5 (0300 2 saeS o) 20380 55, el
Sheslaial 5o s cnslsl dads & GalesT cal 5o YL
© sagun By el plie Bt (glasae 5o 050
3p Shysd iS55 s o sss oasx S dils

JIy 9098 el

OSaly wle il i 5 on3,l 31 Y gas @bk
(P</0) 35 Sl sas (SRBC) wd—u € 5058 J 5
9N psb— 5o S S 4 ol (RS 5 (At
saaliio GAA {5 iaa auc 5u g 8358 35] Lim
S pel ol 5 Gusial Jolse b Hule Lo § 50 ad
55 5 5IKea3 B (il il (S S il

oo T A Slao T el s 3l anlge e uies |

! Least square means
2 None linear
3 Mean square error
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Table 2- Effect of Arginine and supplemental guanidino acetic acid (GAA) on production, nutrition and antibody
titer against SRBC of broiler breeder hens fed graded levels of Arg in an Arg-deficient basal diet

Jol (Sul aule Y G 59 g (48aBa) sl g5 8 S § yoads §yopdl Js Treatment
S S 5058 Sias S8 Y G s sHiSda 9 oY )l suslss
OF 3l (saul g3 SSida PYE
SSida PYE
IgG8 Anti SRBC’ FSce CUT®(min) HHHE* HHTE® GAAZ ., s31
Arg!
3.60 +0.36 5.36 ©£0.40 4.60 71.25° 22.56 27.78 0
4.45 +0.39 6.00 2 +0.43 4.63 62.50 ¢ 25.18 29.90 0.3
4.96 +0.35 6.88 2 #0.39 4.60 113.38° 22.80 28.20 0.6
421 +0.35 5.67° #0.39 4.69 194.132 20.28 24.79 0.9
0.13 12.27 2.06 2.32 SEM Las sl
4.32+0.26 5.94 +0.29 4.69 112.19 22.40 27.25 0
4.29+0.25 6.01+0.27 4.57 108.44 23.00 28.08 0.12
0.09 8.67 1.46 1.64 SEM ,luas sl
3.33#0.51 5.14 +0.56 4.49 54.50 24.44 30.90 0 0
3.86 #0.51 5.57 +0.56 471 88.00 20.68 24.65 0.12 0
4.40 #0.61 6.00 +0.67 4.62 63.75 24.35 28.25 0 03
4.50 #0.48 6.00 #0.53 4.64 61.25 26.02 31.56 0.12 0.3
5.43 #0.51 7.00 #0.56 4.85 107.50 22.62 27.34 0 0.6
4.50 #0.48 6.75 #0.53 4.34 119.25 22.98 28.96 0.12 0.6
4.13 #0.48 5.63 #0.53 4.79 223.00 18.22 22.40 0 0.9
4.29 #0.51 5.71 +0.56 4.58 165.25 22.33 27.17 0.12 0.9
0.18 17.35 2.95 3.27 SEM Lie sl
p-value
0.08 <0.05 0.96 <0.0001 0.43 0.48 Arg el
0.92 0.81 0.38 0.76 0.78 0.72 GAA
0.53 0.91 0.25 0.08 0.60 0.36 GAAxArg
(o938 03,1 5 wliwa cuanls ) p-value Regression
0.11 0.33 0.18 <0.0001 0.17 0.11 linear .
0.02 <0.07 0.60 0.002 0.50 0.73 quadratic Yaa s
0.26 0.36 0.63 0.56 0.94 0.69 cubic  Yaa s

abel_smeans within each column without common superscript are significantly different (P<0.05)

Arginine, 2 Guanidinoacetic Acid, * Hen Housed Total Egg (week 54-63),  Hen Housed Hatching Egg (week 54-63),
5Clean Up Time (week 62), ®Feather score(week 63), 7 Antibody titer against Sheep Red Blood Cells, 8
Immunogolobolin G
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Table3- Estimated Arginine requirement of broiler
breeder without GAA

mse  p-value  R? Equation Jus dlatas

4305 024 020 HHTE §500i5 a5 45y

Y= 31.37-4.65x(Z1)-11.30x(Z2)

3530 027 018 _iSen ya bl frond3 s <l
HHHE

Y =-11.98 x 2+ 3.99x + 24.38

0.05 0.002 0.31 3 Ot 550 Onaiia)a syl 358
Sperm penetration(day (.t

7)
Y=1.72-1.10 x(Z1)-0.03x(Z2)

(19G) as!
Y-5.44-3.33x(Z1)-4.49x(Z2)

1.23 0.008  0.33

X) Z1t (S wem59) 83358 (551 sk Xt Slae Y
R (S, 55 s 59) 835380 55,1 5 s R (X-R) Z2 (R
Mse 5 (oo dalaogls Sre mhacs P-value (s s
sl olas 5o (Slee

Y, performance; X, Added Arg level(%feed); Z1,(R-X);

Z2,(x-R); R, estimated added Arg demand (%feed); R?,

Coefficient of Determination; P-value, The significance
level of model equation; mse, Mean Square Error;

L (el 93 pale § o 009380 33,0 s w9l pe —Fdgun
GAA ssla 1,53

Table4- Estimated Arginine requirement of broiler
breeder with GAA

mse  p-value R? Equation Jue alste

37.13 0.29 0.17 HHTE § 0035 0 5 €3 500
-23.63 X(Z1)-7.33%(Z2)
Y=31.5

2772 0.39 0.13 - a8 pand3 il 5 e

iSea s

HHHE
31.37%(Z1)-6.15%(Z2)
Y=26.35

0.05 0.46 0.04 (35500 S raaiia)a el s
Sperm penetration(day 7)

Y=1.82-0.36 x(Z1)-0.19%(Z2)

Y =-2.38x? + 2.57x+3.88

2.24 0.65 0.03

Y, performance; x, Added Arg level(%feed); Z1,(R-X); Z5,(x-R); R,
estimated added Arg demand (%feed); R?, Coefficient of
Determination; P-value, The significance level of model equation;
mse, Mean Square Error;

poeul 3985 9 5,900
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Figurel- Regression models fitted to Hen Housed Total Eggs(A),Hen Housed Hatched Eggs(B), Sperm
penetration in the perivitelline layer as fertility rate(C) and Immunoglobulin G(1gG) as immune responses(D)
data of birds fed graded levels of Arg in an Arg-deficient basal diet in the absence and presence of GAA to

estimate added Arginine requirement
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Dot and star symbols represent data from birds receiving 0 and 0.12% supplemental GAA, respectively
The fitted responses () vs. supplemental added Arg concentration(X in % of diet) were broken line and quadratic (table 3 and 4).
The optimal supplemental added Arg concentration for HHTE, HHHE, LogSP+1 and Log. IgG were 0.12, 0.14 ,0.3 and 0.61% of
the diet in the absence and 0.29, 0.18, 0.27 and 0.54% in the presence of GAA, respectively. Optimal Arg concentrations shown in
each panel represent the total Arg concentration, which accounts for the analyzed dietary Arg contained in the practical basal diet
Arg (0.73% Arg).
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Capacity of guanidioacetic acid to spare dietary arginine and determination of
arginine requirement of broiler breeder at the final phase of egg production
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Introduction: Researches on the effects of dietary Arginine (Arg) and Guanidioacetic acid (GAA)
indicated that requirements for Arg in poultry diets vary significantly depending on feed composition,
disease challenges and environmental conditions (Khajali and Wideman. 2010). Reproductive
performance and fertility of broiler breeder flock are decreased sharply with ageing (Zaghari et al.
2013). It is suggested that the age-related decrease in fertility is more pronounced in females, in which
the efficiency of sperm storage tubules decreases (Gomulka and Kapkowska. 2005). Silva et al.
(2012) reported that dietary inclusion of Arg improved egg weight and egg production in broiler
breeder hens. It has been reported that GAA supplementation improved hatchability and total fertility
of eggs (Murakami et al. 2014). GAA may be beneficial in poultry diets because it may be able to
spare Arg; this is an important point considering Arg is the fifth limiting AA in corn-soybean diets
for poultry (Dilger et al 2013). This study was conducted to evaluate arginine requirement of broiler
breeder hens in practical diet and investigating of the spare effect of GAA for Arg, as well.

Material and methods: A total of 320 Ross 308 broiler breeder hens in a factorial arrangements
were assigned to eight treatments (two concentrations of GAA (0 and 0.12%) x four concentrations
of L-Arginine (0, 0.3, 0.6, and 0.9%)) with four replicates during 54 to 63 wk. of age. The hens
received a practical diet containing 2800 kcal ME/kg and 13%CP. Basal diets were formulated to be
singly deficient in Arg (73%). From 54 to 63 weeks of age. The number of produced eggs was
recorded daily. At the end of experiment, the following parameters were studied: feed clean up time,
feather score, IgG and antibodies against SRBC as immune responses. When the hens were 62 weeks
old, the time taken by the hens to consume all the feed was measured. At 63 weeks old, feather
coverage of the back of each hen was scored on a scale of 1 to 5, following modification to the system
reported by Sikur et al. (2004). At 61 week of age, 2 birds, from each treatment group, were injected,
intramuscularly, with 0.2 mL of 5% SRBC suspension prepared in 0.9% physiological saline. One
week following the injection, the antibody production against SRBC was measured using
microhemagglutination technique. Blood samples were collected from each treatment group.
Antibody values were expressed as log2 of the reciprocal dilution where the last agglutination was
observed (Gharib et al, 2008). To evaluate the fertility, the hens were inseminated with 250ul [100 x
108 sperm/hen; diluted in a modified Beltsville extender without lecithin and glycerol] of the pooled
semen at 61 and 62 weeks of age. The eggs were collected during 2 through 8 day following each
insemination. The eggs were incubated for further analysis of fertility. Sperm penetration holes in the
inner perivitelline layer overlying the germinal disc were enumerated on days 3 and 7 following each
insemination (Sharide et al. 2015) as fertility. Arg requirement was determined by using broken line
model, linear and non-linear regressions according to performance and dietary Arg concentration.
Results and discussion: Effects of added Arg and GAA on the total hen housed egg production, hen
housed hatching egg production and feather coverage was not significant (P<0.05) (Table 2).
Although the most hen housed total egg production was resulted in 0.3% added Arg supplemented
with GAA and addition of Arg increased frequency of birds with full back feather coverage (feather
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score of 5). Feed clean up time was significantly become longer about two times, in 0.6% and 0.9%
of added Arg. The results showed that the interaction of Arg and GAA was significant on fertility
(Sharide et al. 2015). GAA may be important for poultry nutrition not only as a replacement for
dietary Arg, an essential nutrient, but also to support overall energy homeostasis of the bird (Dilger
et al. 2013).The efficacy of GAA as a creatine precursor has been shown in broilers (Michiels et al.
2012), It has been reported that GAA was successfully absorbed by gastrointestinal tract of avian and
there is a carry-over on the fluid of the reproductive tract; supplementation with GAA may be
important to provide additional levels of creatine in the female reproductive tract, enabling the
maintenance of the viability of a greater number of spermatozoa until they are used to perform
fertilization, considering that birds may store spermatozoa after mating for long periods of time in the
tubular gland of the uterovaginal junction and that creatine may improve the stability of cellular
membranes (Murakami et al. 2014). Increasing dietary level of Arg resulted significant effect on anti
SRBC. Dietary Arg levels and GAA did not affect (P > 0.05) on IgG production, although the
regression of IgG was quadratic (P < 0.05) according to the increase in dietary Arg levels. The
requirement of Arg during immunological responses has been widely studied because Arg is the
substrate from which nitric oxide (NO) is generated. Nitric oxide also is a modulator of certain
immune functions. It has been reported that Arg levels sufficient to support maximal performance
rates are not adequate (Khajali and Wideman. 2010). Arg requirement for egg production, fertility
and immunity were determined for breeders; four equations were developed from the feeding
experiment to predict Arg needs for breeders in the absence (Table 3) and presence of 0.12% GAA
(Table 4). The Broken line and quadratic responses allowed parameters to vary by supplemental Arg
and GAA levels. When GAA was added to the Arg-deficient diet, there were improvements in both
fertility and immunity (Fig 1). Digestible Arg required for hen housed total egg production, hen
housed hatching egg production, sperm penetration and IgG in the absence of GAA, estimated 0.85,
0.87, 1.03 and 1.27%, respectively and in the presence of 0.12% GAA estimated 1.02, 0.91, 1.00 and
1.34%, respectively. Fitted regression of hen housed egg production, which was estimated Arg
requirement, is in agreement with other observations of recent work (Silva et al. 2012).

Conclusion: The results of this study revealed that, recommendation of Ross 308 management guide
for Arg requirement is underestimated. This work suggested that GAA could increase performance
of birds fed Arg-adequate corn-soybean meal diets. GAA spared part of Arg function for fertility.
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