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Introduction: Barley grain can provide energy and protein to lactating dairy cows; however, feeding high
levels of barley grain may increase the risk of developing rumen disorders with extensive consequences for
health, welfare and continuity of milk production. Various barley processing (chemically and physically) is
critical to prevent ruminal acidosis, enhance digestion, nutrient utilization, and promote productivity. Steam-
infrared heated-flaking is a physical-specific process and it impresses on starch gelatinization and protein
denaturation which may modify both site and rate of digestion. Treating barley grain with lactic acid have been
shown to alter the chemical composition and the nutritional value of treated grains. Barley grains ammunition
treatment increased nitrogen content, effective rumen degradable and intestinal digestibility of nitrogen. Plant
extract through the selective effect on certain rumen bacteria and the attachment and pattern of their colonization
of starchy grain such as barley grain may alter starch degradation.

Materials and Methods: To prepare Acanthophyllum (Ap) extract, 1 Kg of dried sample was solved in 5
liter distilled water and manually mixed for 48 h at 30 min hiatuses. Barley grains treated with 5% solution of
Acanthophyllum or 5.6% ammonium bicarbonate, simultaneously treated with 1% lactic acid. Consequently,
non-treated and chemically treated barley grain steamed for 50 min. Then, steam cooked grains were exposed
under an infrared -heated for 55 seconds to attain surface kernel temperatures of 100°C. Finally, passed through
the roller mill in a flaker machine and were flaked. Thus, experimental treatments were: 1) Steam- infrared
heated -flaked of barley grain, 2) Steam- infrared heated -flaked of barley grain treated with extract of
Acanthophyllum and lactic acid, 3) Steam- infrared heated -flaked of barley grain treated with ammonium
bicarbonate and lactic acid. This experiment with a 3 x 3 Latin square design were conducted with three rumen-
cannulated Holstein cows (average BW: 690+ 13, DIM: 96+ 9) in three 21-day periods. Productive responses
and dry matter intake were evaluated during the last 4 d of each period. Blood sample was collected on day 21 of
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the experimental period before the morning feeding and 2, 4 and 6 h after morning feeding to evaluate the
concentration of serum glucose, albumin, total protein and blood urea nitrogen concentration. Acid insoluble ash
as an internal marker was used to measure the apparent digestibility of nutrients. The ruminal pH and NH3-N
concentration were continuously measured.

Results and Discussion: Results illustrated that the experimental diets did not affect (P>0.05) on DMI, milk
production, FCM and ECM. Milk fat and lactose concentrate were higher in cows fed by the diet containing the
steam- infrared heated -flaked of barley grain treated with extract of Acanthophyllum and lactic acid and/ or
treated with ammonium bicarbonate and lactic acid treatments than the steam- infrared heated -flaked of barley
grain treatment (P < 0.05). Milk total solid, protein and MUN concentrate were increased in response to fed the
steam- infrared heated -flaked of barley grain treated with ammonium bicarbonate and lactic acid compared to
the control (P < 0.05). Generally, serum BUN concentration was significantly affected by the chemical treating
during 2, 4 and 6 h after the morning feeding (P< 0.05). The consuming of steam- infrared heated -flaked of
barley grain treated with ammonium bicarbonate and lactic acid resulted in increased total blood protein
concentration (at 6 h after the morning feeding) in the cows (P< 0.05). When the chemical treatment was used,
the apparent digestibility of dietary DM, CP and starch was increased in the cows consuming these diets (P<
0.05). Ruminal pH and also redoex potential were not affected by treatments and sampling time (P> 0.05). In this
study, data showed that cows fed the SIFBLaar had greater ruminal NH3-N concentration when compared with
the other treatments (p< 0.05).

Conclusion: Feeding chemical treated barley grain with 5% extract of Acanthophyllum and/or 5.6%
ammonium bicarbonate plus 1% lactic acid did not affect DMI and milk production in dairy cow, but improved
the milk composition, with higher milk fat, lactose, protein and total solid. In animals fed chemicallym, treated
barley grain the nutrient apparent digestibility, enhanced significantly. The MUN, BUN and ruminal NH3-N
concentration increased in cows fed the diet with SIFBaap.

Keywords: Acanthophyllum extract, Ammonium bicarbonate, Lactic acid, Steam flake
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Table 1- Ingredients and nutrient composition of experimental diets fed to dairy cows as TMR
salojl slajlos
Experimental treatments
SIFBy  SIFBraay  SIFBraas

27.4 27.4 27.4

(g_gu..> odlo A.o)b) 0> sl)}\
Ingredients (% DM)
) 3w

Corn silage

iy bl 219 219 21.9
Alfalfa hay ' ' '
pAS olS
Wheat straw
S 5058 oo (il — jy )l g2 4l 14.6
SIFBy

@YM‘B;&%A?W)B)LA&L.VBJ.:JLS)glJACUﬁ%—}ﬁfgd93b@:@m—}i)w?ﬁb _ 14.6
SIFBLaap

SV del g posigel SluyS 0 bodd gl Jes (S =508 (gle (minids 5 )b g2 4> 146
SIFBLaab

epal 8.8 8.8 8.8
Corn grain
Lo Alles’
Soybean meal
4 o 6.4 6.4 6.4
Cottonseed whole
fa..\.lf ab

Wheat grain

ol 0.3 - -
Urea '

parjia douS) 02 02 0.2
Magnesium oxide

e Sl o 0.9 0.9 0.9
Sodium bicarbonate ' ' '
Slinsd elS 52 0.4 0.4 0.4
Dicalcium phosphate

porbo 9 (2l oelig 0.4 0.4 0.4
Vitamin E and selenium ' ' '
T3S 0.4 0.4 0.4
Fat powder

(s osle p)5 Veee 13 p)5) (gdie dlgo S 3

Nutrient content (g/100g DM)

3.0 33 33

3.7 3.7 3.7

dDM““" »le 5012 5197 5094
El:ug: ;fbtein 1650 1651 165.1
;‘“’mlr”:h 2405 2406 2406
(,\T‘Sf ) 5 gl 53 Joboual S 3030 3027 3029
o)1) (gl odizgd 13 Jslonals LI

(Folosod (192 ok 1970  196.7 196.8
ADF

(f’)f?l‘s » d)ﬂﬂi‘) (R s L)“]B d;)ﬂ 64 1.64 1.64

NEL (Mcal/kg)
S =308 9ole (oudnds =5y 5 g2 @l (¥ (SIFBo wanld) aliosd (515lJes g0 igtt (Ssz =508 (ol (oniinds =y )0 g2 &b (V 2ol ialosl (slo sl
(SIFBLanb) S5

Experimental treatments were: 1) steam- infrared-flaked of barley grain (SIFBo), 2) Steam- infrared-flaked of barley grain treated
with extract of Acanthophyllum and lactic acid (SIFBLaap), 3) Steam- infrared-flaked of barley grain treated with ammonium
bicarbonate and lactic acid (SIFBLaab).
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Table 3- The effect of various chemically processed barley grain accompany through steam-infrared-flaked in rumen-fistulated
Holstein dairy cows diets on Concentration of blood metabolites at the before and 2, 4 and 6 h after feeding

aseil el sloles skl ot Sl (6 e
Parameters Experimental treatments SEM Pvalue

SFIBo  SIFBiaay  SIFBiaan

oo (23Sgs 5l S
Before the morning feeding

(e 2 p S iske) 3515 55.60  56.03 55.36 1.90 0.969
Glucose (mg/dl)
(deed 2 pS o) 085 Sloodl 39 1769 1871 1801 0.558 0.272
Blood urea nitrogen (mg/dl)
(f"*'&”’_)* P5) onesd 4.14° 395 4.26° 0.063 0.031
Albumin (g/dl)
(oo Py ) 5 o 6.65 6.86 6.83 0.139 0.558
Total proteins (g/dl)

2o (23S]gs jlan colo 5

After the morning feeding, 2 h
(dipmd 2 )5 ko) 55515 5577 5628  56.19 1.89 0.980
Glucose (mg/dl)
(deed 2 pS ko) 08 Sloosl 039% 17680 19332 19120 0.428 0.047
Blood urea nitrogen (mg/dl)
(#e> 2 £5) mgel 418 413 424 0.060 0.190
Albumin (g/dl)
(e 2 £5) I 2 679  7.00 6.84 0.125 0.360
Total proteins (g/dl)

plowe (23She jl  celo Sl

After the morning feeding, 4 h
(e 2 p S ko) 355 5816 5929 5817 178 0.878
Glucose (mg/dl)
()"‘J&“"’ » ?)SAJL“‘) o9 Sloygl (95 18.67¢ 20.66° 22.16% 0.616 0.02
Blood urea nitrogen (mg/dl)
(o> 2 £5) egel 424 411 4.16 0.085 0.582
Albumin (g/dl)
(s> 2 5) J 0y 697 727 7.12 0.162 0.547
Total proteins (g/dl)

2Bors (23S il celw i

After the morning feeding, 6 h
(e 2 p S iske) 3585 50.08 6003  59.36 218 0.952
Glucose (mg/dl)
(s 2 pSe) 055 ool i 91 470 pzam 26500 0.533 0.001
Blood urea nitrogen (mg/dl)
WU‘“% £5) Coeyd 421 4.22 4.03 0.077 0.219
Albumin (g/dl)
(=die> 2 £5) J5 09 7.14¢ 7.47° 7.77° 0.138 0.049

Total proteins (g/dl)

(P<+/+0) aiisl oo gyl sixe BWBT (glyls cind)y o 1> dliie jue By b slapSlo

S =508 gl (ritad =3 550 g2 @l (¥ (SIFBo wals) (obewd syl Jos g 9t (Sgg =058 (9olo (omind =y Jbu g2 &l (V 2ol ptolol (slalos
,\..._...J‘ 9 ?9“'9“] uLu)fd b W) d»]Ja& uﬁy _).4)5 O53L° M—)J )59\ 9> by (\" 9 (SlFBLaAp) n_i.‘.SY .,\.:..ul 9 ‘3)? o‘.:_f Al o)La_c b W) d”h}o&
(SIFBLaab) sy

Means with different superscript letters in each row indicate significant different (P<0.05)

Experimental treatments were: 1) steam- infrared-flaked of barley grain (SIFBo), 2) Steam- infrared-flaked of barley grain treated
with extract of Acanthophyllum and lactic acid (SIFBLaap), 3) Steam- infrared-flaked of barley grain treated with ammonium
bicarbonate and lactic acid (SIFBLaab).
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9 Sl 40358 @y S GRLS zrge SSY al )
Deckardt et al., ) 545 0 aaSid ;> ol 4355 8 isw il
15 il 5l Cailas b Vgl 45 canl e cagx o 51 o) (2014

i CllE 2 005 Vghuusd (65 (slaglS 0y 1> (Sgp 50,8 (ig3lo glyal =yl (Sujed 53918 b olyon 005 plsord (spglJos g &b Iyl b € Jgan
Sise dgo a0
Table 4- The effect of various chemically processed barley grain accompany through steam-infrared-flaked in rumen-fistulated
Holstein dairy cows diets on nutrient apparent digestibility

ialejl ololass P Gne daw
sl b Experimental treatments )kl slas uSSle P-value
Parameters SFIBo  SIFBiaap  SIFBrass SEM e ol ole X e

Treatment Time Treatment x time

(o)) St osle 60.08°  63.022  61.88% 0.689 0.033 0615 0.658
DMI (%)
(22) B o592 63.87° 65.08®  67.67° 0.571 001  0.002 0.922
Crude protein (%)
(o3) dilis 7758b 79458  80.13 0.876 005 0578 0.426

Starch (%)

(P<+/+0) a2l o (sl sine SHT (s s, o 53 e b By b sl il

Sy =508 9ol oriinds =3y 5 g2 s (¥ (SIFBo canls) aliasd (55l Jos ged igis (Sgz =308 (9ol (oninds =53 ) g2 s (1 1ol (ctlojl (slolos
.,\,_.u‘ 9 r"?“'}"i uL.-)fd b W) d)}]JA.C u_ﬂ}‘: —).a)_e Ojaln M—x )léq 9> aly (\“ 9 (SlFBLaAp) LS\..SV .,\.,_.u‘ 9 «_§J9> oL:f Ay b)La.c b W) ‘5)51}4:

(SIFBLaab) SKusY

Means with different superscript letters in each row indicate significant different (P<0.05)
Experimental treatments were: 1) steam- infrared-flaked of barley grain (SIFBo), 2) Steam- infrared-flaked of barley grain treated
with extract of Acanthophyllum and lactic acid (SIFBLaap), 3) Steam- infrared-flaked of barley grain treated with ammonium

bicarbonate and lactic acid (SIFBLaab).
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Introduction: Newborn calves have special needs to accelerate their growth performance and improve their
immune systems. Minerals are one of the most important metabolic improvers that can help the health of calves at
overnutrition levels. Manganese is a necessary trace mineral that is a key ingredient in the metabolism of
carbohydrates, lipids and, proteins, as well as playing an important role as a cofactor in the activity of several
enzyme systems such as superoxide dismutase (MnSOD) activity, bone development (mucopolysaccharide
synthesis) and blood cell regeneration. Manganese plays several important roles in the immune system, including its
involvement in antioxidant pathways, its contribution to phagocytic activity, and its role in maintaining the
structural integrity of epithelial barriers against infections. Manganese can be supplemented in both inorganic and
organic forms, each with differing levels of bioavailability and absorption. Therefore, this study was conducted to
investigate the impact of milk enrichment with manganese supplements, in both organic and inorganic forms, on the
performance, biochemical and antioxidant parameters, and feeding behavior of suckling calves.

Materials and Methods: 24 newborn calves were randomly divided into 3 groups with 8 replications.
Experimental treatments include: 1) control group (without manganese supplementation), 2) Adding mineral
manganese supplement to milk consumption and 3) Adding organic manganese supplements to milk consumption.
The amount of manganese used in the milk of each calf was 30 mg per day. Manganese is dissolved in milk and
consumed by calves. Calves were milked twice in the morning and evening and had free access to water and starter
feed during the day. The length of the trial period was 63 days. Calves were weighed every 21 days. The amount of
feed consumed and post-feed was recorded daily. To measure blood metabolites including biochemical parameters,
concentration of blood elements, antioxidant status and activity of liver enzymes, blood samples were taken from
calf vein on day 60. Finally, during the 61st to 63rd days of the experimental period, nutritional behaviors were
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measured for a duration of 48 hours. Data analysis was done using SAS statistical software version 9/1 (2004) and
comparisons of means were done with Tukey's test at a significance level of 5 percent.

Results and Discussion: The obtained results showed that the calves fed with milk enriched with manganese in
organic and inorganic forms compared to the calves of the control group, a significant improvement in final weight,
period weight gain, daily weight gain and dry matter consumption was observed. The use of organic and inorganic
forms of manganese in the feeding of suckling calves did not have a significant effect on the feed conversion ratio of
the calves. There was no significant effect on the amount of iron, zinc, copper, calcium and phosphorus of different
treatments. The amount of plasma manganese in the treatment using organic manganese was associated with a
significant increase compared to the treatment using inorganic manganese and the control treatment. The use of
organic and mineral sources of manganese in the feeding of calves had no significant effect on triglyceride,
cholesterol, urea, globulin and the ratio of albumin to globulin in the blood of calves. Organic and mineral sources
of manganese increased the amount of glucose, total protein and albumin in the blood, so that the most significant
increase was seen in the treatment of organic manganese users. Inorganic and organic forms of manganese did not
cause significant changes in the amount of malondialdehyde, aspartate aminotransferase, and alkaline phosphatase
in the blood of supplement consuming groups. In treatments using manganese, there was a significant decrease in
total antioxidant status and a significant increase in the amount of catalase, superoxide dismutase, and alanine
aminotransferase. The use of manganese supplement in organic and inorganic forms had no effect on the nutritional
behaviors of calves such as milking, feeding, rumination, jaw rest, drinking water, unusual behavior, standing and
lying down.

Conclusion: Enriching milk with manganese supplement in organic and inorganic forms improved
performance, weight gain, dry matter intake, total antioxidant status, and catalase and alanine aminotransferase and
biochemical status in groups consuming milk containing manganese. Based on the results of this study, it is
recommended to supplement the milk of newborn calves with 30 mg of organic manganese. Organic manganese
showed improved effects on key parameters, including plasma manganese concentration, glucose levels, total
protein, and superoxide dismutase (SOD) activity.

Keywords: Antioxidant status, Blood parameters, Manganese, Performance, Suckling calves
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Table 1- Feed ingridient and nutrients and energy of the starter diet

IEYESN PN JTER
Feed ingredient Amount
(A‘o).)) u)‘) 40.00
Corn (%)

(M)b) » 12.50
Barley (%)

(303) by s 35.00

Soybean meal (%)
(Mo ) &8y dlls

5.00
Sugar beet pulp (%)
(103) paS g

5.00
Wheat bran (%)
Wopd) (Sdze JoSo 0.30
Mineral supplement! (%)
(’\‘9)3) Y@*‘L‘JS J“s" 0.30
Vitamin supplement? (%)
(_x..o ) Sal S 0.80
Limestone (%)
(Lo ) Sas 050
Salt (%) '
(o) e b 0.50
Bicarbonate (%)
('\"”)')) o 0.05
Yeast (%)
(32)9) 22 32 0.05
Fat powder (%)
S5 9 sdaa dlge
Nutrients and energy
(Ao ) Sis ool 90.00
Dry matter (%)
(F;}lﬂs 2 d)ﬂgli") W‘“‘t‘l?""“’ JJls dj)j] 251
Metabolizable energy (Mcal/kg DM)
(“\“)3) FB L)"':‘ﬁ)’ 18.32
Crude protein (%)
(225) & (22

3.54
Crude fat (%)
(Ao yd) (25 odisgid ) Jglool LI 20.74
Neutral detergent fiber (%) '
(Aoyd) (gduml 0895 5> Joloeals 8L 980
Acid detergent fiber (%) '
(""’)J) )‘““‘sl> 7.30
Ash (%)
(10,2) el 1.42
Calcium (%)
(M)J) )""“‘3 0.71

Phosphorus (%)
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1 Mineral supplement: 195 g calcium; 90 g phosphorus; 20 g magnesium; 3 g Zinc; 3 g iron; 280 mg copper; 100 mg cobalt; 100 mg
iodine; 400 mg antioxidants; 10 mg sodium selenite per kg supplement
2Vitamin A 1000000 1U, Vitamin D3 250000 1U,Vitamin E 3000 IU per kg supplement
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Table 2- The effect of milk enrichment with manganese supplement on the performance of suckling calves

sialejl clolass
- : Exprlm?[]‘tal treatments _ SEM! P-value
Variable wald e e f’Jl e
Control  Inorganic maganese  Organic manganese

(pS945) 45 039 34.12 35.08 34.89 2001 04766
Born weight (kg)

(p5315) 2o 09 62.79 66.73 67.498 2692  0.0011
Final weight (kg)

(p555) 029 IS 09 LA 28.67° 31.65° 32.60° 1.877  0.0469
Total weight gain (kg)

(5) 4139 0s 138 455,07 502.38° 517.46° 29.844 0.0218
Daily gain (g/d)

(9p)5) s (B pae S 03le 146.46 157.35° 161.11° 11433 0.0627
Starter dry matter intake (g/d)

(9/p)5) 02l (Brae S2S03le 1) o 1153.89° 1181.44? 47914  0.0011
Milk dry matter intake (g/d)

(39)/p)5) (Byas S 03be JS 122052 1311.242 134255 91.367 0.0001
Total Dry matter intake (g/d)

o 13¢ 5o o

092 @B e e 2.68 261 2.59 0464  0.1501

Feed conversion rate

(P +1+0) adl o s sine BT (gl S o pé By > by (sla s Silie iud) b

ab,¢ Means with different superscripts within a row differ (P <0.05).

1 Standard eror of treatments

e SladllsS (5 polis Clale 550 oS b b it 55U =Y g

1o logs 3l (gl

Table 3- The effect of milk enrichment with manganese supplement on Concentration of blood

elements of suckling calves

sinlol sl

ol - Ex.prm.w.e/r?tal treatments — SEM! P-value
Elements - @'_\m)&m ‘; Fe

Control  Inorganic maganese Organic manganese
(Rl S ee) 5500 () o 0.92b 1.122 0.0177  0.0001
Manganese (mg/dL)
(Aol S5 ,5e) ool 26 1.81 1.79 0.543  0.7633
Iron (ug/dL)
(odlp55,50) 35 1 99 1.81 1.78 0.145  0.4359
Zinc (ug/dL)
()‘*th”°/'°’5‘;”°)’“*“& 3.01 3.18 3.12 0.167  0.6798
Calcium (mg/dL)
(dodlpSiske) s g9 1.76 1.89 0191  0.3112
Phosphorus (mg/dL)
[ dlpS5,5) e 28 0.72 0.82 0.107  0.3456
Copper (ug/dL)

(P<e/40) a0 ylo dxe BMBT (gl)ls S yiiio e Doy b (slo pSiko iyd) y 4
L Lo 3 st (olas

a.b,¢ Means with different superscripts within a row differ (P <0.05).

1 Standard eror of treatments
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Table 4- The effect of milk enrichment with manganese supplement on blood biochemical parameters of
suckling calves

&HL"}T sl e

ooy (sladounl Exprimental treatments SEM!  P-value
Biochemical parameters Jals JERCARLEN S 5%

Control  Inorganic maganese  Organic manganese
(dordlpS ) 555 69.08° 71.11° 76.08° 3.976  0.0001
Glucose (mg/dL)
(e Siske) 2elS s394y 34.11 32.96 29511 05711
Triglyceride (mg/dL)
(dolpSishe) Josieds o619 67.08 68.19 40871 03131
Cholesterol (mg/dL)
(5l cpmdlp 5 ee) 039 8.21 7.99 8.09 0.2569 04778
Urea (mg/dL)
()"Ju‘“”/r’)s)u}; OH9n 6.92b 7.11% 7.492 0.0978 0.0001
Total protein (g/dL)
(pdlp 5) sl 3.96° 4.12% 4.48° 0.0185  0.0011
Albumin (g/dL)
(=dedlp5) oloeslS 2.96 2.99 3.01 0.2609  0.7505
Globulin (g/dL)
9l s 134 138 1.48 0.0667 0.3164

Albumin:globulin

(P<e1+0) ansb o o gne GBI glyls S o e B> b (slo 1Sl sy y2 4

o logs 5l (gllas®

a.b.¢ Means with different superscripts within a row differ (P <0.05).

1 Standard eror of treatments
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Table 5- The effect of milk enrichment with manganese supplement on antioxidant status and liver enzymes of
suckling calves

&HL"}T sl
docil Exprimental treatments SEM!  P-value
Parameter Jals e 5K S e
Control  Inorganic maganese  Organic manganese

(2l Jgnidhe) IS Sl ondy g 10 0.98° 0.97° 0119  0.0001
Total antioxidant status (mmol/l)

e I o oo
(p 5 kel 15) YU 0.42° 0.542 0.612 0.022  0.0001
Catalase (U/mg)
(el Jgegt) sl 53 le 1.26 1.22 1.29 0412  0.2885
Malondialdehyde (nmol/ml)
(7.5 ool 2215) igm> 550 30.86" 31.07b 34.922 2796 0.0011
Superoxide dismutase (U/mg)
[l 22l) gl bl 46.59 47.09 49.22 4798 07822
Aspartate aminotransferase (U/l)
[l 221) Sl igiel oY 15.820 17.10° 18.95° 1561  0.0312
Alanine aminotransferase (U/l)
(df15) jBlid (1 198.11 202.11 212.56 14.956  0.6682

Alkaline phosphatase (U/l)

(P 1+0) wily o o ine SIS (ghls S yuihayd g o b (sl ySibie id) y2 3
o jlass 3kl (gllas
a.b, ¢ Means with different superscripts within a row differ (P <0.05).
! Standard eror of treatments

N GallogS (slpdss 1) p Ko JoSo b b (sl b =1 Jgia

Table 6- The effect of milk enrichment with manganese supplement on feeding behavior of suckling calves
iabojl sl los

Exprimental treatments

(395] 433) (slapiss (sl m — = SEM!  P-value
Feeding behavior (min/day) ~_°* e jie e

Control  Inorganic maganese  Organic manganese
O 7S 28/50 32/60 31/77 1/881  0/3311
Drinking milk
028 S 157/12 149/86 153/33 16/302  0/2736
Eating
s 196/33 207/67 209/01 13/772  0/4651
Ruminantion
o 353/45 357/53 362/34 17/688  0/5751
Chewing
S ol 1012/72 1008/02 1004/81 38/705  0/5241
Resting
o ! 18/40 17/65 19/00 2/003  0/6133
Drinking water
el )85, 26/93 24120 22/08 0/879  0/4253
Abnormal behavior
e 889/60 912/00 908/80 33/625 0/3206
Standing
oS 31 550/40 528/00 531/20 28/563  0/1249
Lying down

(P<+1+0) aiisb oo 4l gre MBS ghyls S ydio e B9y b (sla (Sl i3 ja
o los 3 il gllas
a.b,¢ Means with different superscripts within a row differ (P <0.05).
! Standard eror of treatments
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Introduction: Prior to weaning, dairy calves are vulnerable to various pathogens and nutritional challenges. For
many years, antibiotics have been employed to address these issues while also providing economic advantages by
enhancing calf performance and lowering medication expenses. However, the use of antibiotics in livestock
management is under scrutiny due to concerns about microorganisms developing antibiotic resistance. To eliminate
antibiotics from animal feed, numerous alternatives have been suggested, including probiotics, prebiotics, and
Synbiotics. Prebiotics and probiotics, along with their combinations, can serve as alternatives to treat gastrointestinal
tract (GIT) disorders and enhance the host's immune system. Prebiotics are non-digestible oligo-and polysaccharides
that cannot be broken down by digestive enzymes, allowing gut microbes to utilize them for growth and
development. Common prebiotics, such as oligosaccharides and dietary fibers, are employed for their health
benefits. Oligosaccharides may also play a role in regulating rumen fermentation by raising protein and volatile fatty
acid levels while lowering ammonia nitrogen. Probiotics, which are beneficial live microorganisms, help protect the
GIT from pathogens and encourage the production of substances that combat these harmful microbes. Recently,
probiotics have been recognized for their ability to improve animal health, growth performance, nutrient
digestibility, gut microbial balance, and immune responses. Synbiotics, a combination of prebiotics and probiotics,
may offer synergistic health benefits, improving the survival and colonization of beneficial microorganisms in the
GIT more effectively than either prebiotics or probiotics alone. However, there is a lack of research on the impact of
synbiotic supplementation on suckling calves. Therefore, the present study was carried out to investigate the effect
of synbiotic DiPro Plus on growth performance, health status and some blood parameters of Holstein suckling
calves.
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Materials and Methods: This study was conducted in Animal Husbandry dairy herd of Moghan Agro-Industrial
(Parsabad, Ardabil province, Iran). Thirty-two newborn Holstein calves with an average age of 1 to 5 days and an
average weight of 37+1 kg were randomly divided into four experimental groups in a completely randomized design
(8 calves / group) for 63 days. The experimental treatments include: 1) Basal diet without additives, 2) Basic diet
with 1.5 g of synbiotic per day, 3) Basic diet with 3 g of synbiotic per day, 4) Basic diet with 4.5 g of synbiotic per
day. The diet containing feed and milk was given at two times a day i.e. in the morning (8:00 am) and evening
(18:00 pm). Daily feed intake (DFI) was measured by measuring daily feed offered and refusal. Body weight change
was determined on 42 and 63 of experimental period before the morning feeding. The morphometric measurements
related to skeletal growth in calves were taken at birth, 42 days, and at the end of the study using a tape measure.
Blood samples were taken from all calves from jugular veins puncture on the 30 and 63th of trial to measure blood
metabolites concentrations. The fecal scores and overall health status of the calves were assessed daily according to
the rating system developed by the University of Wisconsin (Health Score Chart, Wisconsin). In this system, a score
of zero was assigned for optimal health and fecal condition, while a score of three indicated the worst health and
fecal quality. Statistical analysis was performed based on ANOVA, general linear model procedure by SAS
software.

Results and Discussion: The results showed that the addition of 4.5 g of synbiotic in the milk of scukling calves
increased the final weight and average daily gain compared to the control group (P < 0.05). The feed conversion
ratio was not affected by different synbiotic levels. At the end of the experiment, the calves receiving synbiotic had
greater height from the withers and body length compared to the control group (P < 0.05), but Heart girth and hip
width were not affected by different levels of symbiotic (P > 0.05). Calves receiving 3 and 4.5 g of synbiotic in milk
caused a significant increase in glucose and total protein concentration compared to 1.5 g of synbiotic and the
control group on day 35 and 63 (P < 0.05). But the concentration of triglyceride could not be affected by different
levels of synbiotic. The results showed that the use of 4.5 g of synbiotic improved the feces consistency compared to
the control group, and the health condition of the calves receiving synbiotic was better than the control group (P <
0.05).

Supplementing with synbiotics is an important strategy for enhancing growth and mitigating the adverse effects
associated with raising calves. Synbiotics are recognized for their positive influence on feed intake, growth
performance, and gastrointestinal health. Our results demonstrated a favorable impact on nutrient consumption,
average daily gain, and a decrease in fecal scores. The findings of this study indicated that synbiotic formulations
significantly influenced the daily weight gain of calves by positively affecting the beneficial microbiota in the
gastrointestinal tract, leading to improved nutrient absorption and, consequently, better growth rates. In conclusion,
the findings of this study indicate that 4.5 g of Synbiotic (DiPro Plus) as fermented milk was beneficial in terms of
average daily gain, average daily gain, and reduced faecal score and diarrhea incidence. Additionally, suckling
calves showed improvements in Withers height Abd body length. However, further research is required to fully
understand the fundamental aspects of future synbiotics research on structure and gut microbiota, as well as host-
microbe relationship. Similarly, there is a need to investigate the feasibility of developing a commercial synbiotic
formulation for use as prophylaxis in pre-ruminant calves.

Conclusion: In summary, the supplementation of 4.5 g of synbiotic in the diet of suckling calves provided
benefits in terms of feed intake, average daily gain, reduced fecal scores, and decreased incidence of diarrhea. But
the feed conversion ratio of suckling calves was not significantly affected by supplementation of synbiotic.
Additionally, suckling calves exhibited improvements in withers height and body length. However, further research
is needed to comprehensively understand the essential aspects of future synbiotic studies, particularly regarding the
structure and gut microbiota, as well as the host-microbe relationship.

Keywords: Blood metabolites, Growth performance, Suckling calves, Synbiotic
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<yd 405 (Mo yd) Siis 00l 90.7
Corn Dry matter (%)

= 14.0 (1222) P iz 19.8
Barley Crude protein (%)

PAS g 40 (Ao ) (guml 030 > Jaloeol 3L 15.7
Wheat bran ADF (%)

Lgu dllous’ 18.6 (30 3) 25 odizgd 53 Joloeel LI 20.4
Soybean meal NDF (%)

Koi 0.4 (m)b) &yl oylas 29

Salt EE (%)

e 2 1.0 (i) s 094
Shelf powder Calcium (%)

A - : PR

iy Lyl 05 (22)3) i 0.78
Vitamin premix? Phosphorus (%)

Mineral premix? Copper (mg/kg)

Sodium bicarbonate

Iron (mg/kg)
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LVitamin supplement: vitamin A 500,000 1U/kg; vitamin E 100 mg/kg; vitamin Dz 100,000 1U/kg.
2 Mineral supplements: calcium 195,000 mg; phosphorus 90,000 mg; magnesium 90,000 mg; sodium 55000 mg; zinc 3000 mg;
iron 300 mg; manganese 2000 mg; cobalt 100 mg; selenium 1 mg; antioxidant 400 mg.
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Table 2- Effects of different levels of Synbiotic on performance of Holstein suckling calves

S pS VO Siigniys p S Y Sgmome pS T S5 oSl

Slas Jals o - r o G size il
Traits Control Sy2b5'°g“c Syn?t: I;])tIC Syztélztlc 2‘ ;:\7' P value
(,555) g 039 36.62 36.75 37.00 37.87 1.02 0.822
Birth weight (kg)
(p535) 25 okb 0l 69.62P 70.00° 74,50 87.792 2.42 0.018
End of period weight (kg)
(595 2 £5) %39y 039 Ll (pSSle
Average daily gain (g/d)
sz )5’ 431.2 462.5 525,02 581.22 34.27 0.021
’; ‘; )5’ 8153 794.15 848.1% 1005.32 59.54 0.073
el 523.7° 527.75 595.1% 792.7¢ 30.06 0.006
1-63d
(397 22 £5) Sy Spae
Feed intake (g/d)
Vs 311.7 331.3 335.1 389.7 25.43 0.18
42d
’; ‘; )5’ 809.6° 819.1° 849.0° 970.8° 26.45 0.006
el 4448 489.2 528.1 546.8 28.95 0.085
1-63 d
ehe b cupe
Feed conversion ratio
Vs 0.74 0.72 0.65 0.68 0.05 0.682
42d
7V 39 1.03 1.06 1.05 1.02 0.09 0.992
63 d
Al 1.06 1.08 1.01 0.95 0.07 0579
1-63 d

And (P < ~/~()) )l.)ul.zn M| L;l)b d)lﬁ] )Ja; )'l Jw)&c n_é5)> dl)b dhau.i;lm Cydy y 5
In each row, means with different superscript letters are significantly (P < 0.05) different.
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Table 3- Effects of different levels of Synbiotic on skeletal growth of Holstein suckling calves

. . e e s 4 Sile
(esb) lico iy SROm eSS Rigie T Sl pSVD S ‘ ”Lj T byl
Traits (cm) Control Syzbslogtlc Syn?t: |€(]Jt|c SyE%'Z“C Z ;M P value
By glis)l
Withers height
i 33 725 726 735 733 0.78 0.120
Birth day
¥Y 3s) 82.7 84.2% 83.5 86.12 0.73 0.019
42d
2 87.1° 86.4° 88.9% 91.62 1.23 0.026
63d
od Jsb
Body length
i 33 488 485 50.0 51.3 0.83 0.321
Birth day
¥V s 615 63.6 62.7 63.8 0.82 0.195
42d
¥ 39 66.70 68.4% 68.6% 70.0° 0.71 0.029
63d
A 93
Heart girth
i 33 76.7 774 79.4 78.1 1.02 0.091
Birth day
Ve 87.2 88.6 88.7 91.0 1.13 0.157
42d
¥ s 94.6 97.8 97.6 98.9 150 0.247
63d
X oy
Hip width
Ay’ 39) 154 166 145 165 0.21 0.141
Birth day
Vi 19.3 19.1 183 1856 0.28 0.085
42d
e 20.4 206 19.8 211 0.32 0.449
63d

s (P < of00) o gme MBI hyly (gylol Has 5l S pitio pt g (sl slapSilie Cindy yo p
In each row, means with different superscript letters are significantly (P < 0.05) different.
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Table 4- Effects of different levels of Synbiotic on blood variables of Holstein suckling calves

STgmime p)5 V0 Sgmims p5 ¥ STgmmes p,5 T10 les Sk s
- Synbiotic Synbiotic Synbiotic 3,5kl
Variable Control 15 3g 45 SEM P value
(5 s 2 .5 o) 595
Glucose (mg/dL)

;’O};) 90.25b 101.12% 107.00° 106.25 4.04 0.024
’; ‘“3)'3) 84.37° 84.50° 98.870 116.62° 3.91 0.001
(5 3 03 5 o) Jg pelS
Cholesterol (mg/dL)

‘;’053) 128.00° 112.25b 111.375 106,120 477 0.019
2 ‘;5;) 139.12 137.87 126.00 136.50 4.64 0.194
(3 (3 33 25 (o) Lol 5 5
Triglyceride (mg/dL)

v e 30.87 2750 25.93 20.87 2.43 0.447

30d
;6 ‘”353) 20.80 30.37 29,50 2762 3.18 0.933

(5 (w2 2 p5) IS g

Total protein (mg/dL)
R 6.210 6.900 7.80° 7.98° 0.30 0.001
30d
o 39 7.22 7,50 7.03 7.00 0.23 0.449
63 d

(5 w3 3 p)S ko) i3 slogl 01395
Blood urea nitrogen (mg/dL)

R 10.48 10.40 11.01 10.87 0.78 0.949
30d
2 ‘”353) 1025 9.63 1052 11.20 0.67 0.447

s (P < o00) o dme MBI (s (gylol Has 5l S ot g > (sl sla Sl Cindy yo p
In each row, means with different superscript letters are significantly (P < 0.05) different.
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Introduction: Insufficient minerals play a crucial role in various physiological functions such as digestive,
and metabolic processes within the body. They act as cofactors in many enzymes and serve as catalysts in
enzyme systems. These substances also contribute to the immune system and hormone secretion pathways (Tom
et al., 2003). Zinc, copper, manganese, and iron are micro-elements that play essential roles in the growth,
development, bone tissue formation, and immunity of broiler chickens (Echeverry et al., 2016; M'Sadeq et al.,
2018). Zinc acts as an antioxidant, protecting cell membranes against peroxidation (Olivares et al., 2007). It also
exhibits synergistic effects with vitamin E and polyphenols (Wotonciej et al., 2016). Copper is vital for growth,
enzyme activity, and reproduction. It plays a significant role in various enzyme activities, such as ceruloplasmin,
cytochrome oxidase, and superoxide dismutase, which help protect cells against oxidative stress (Hussein and
Staufenbiel, 2012). Iron interacts with other elements, particularly copper, acting as a catalyst in oxidation
reactions (Wotonciej et al., 2016). Manganese is also crucial for fetal growth, body weight gain, bone growth,
and reproduction (Olgun, 2017).

Materials and Methods: To investigate the impact of different sources and levels of zinc, copper,
manganese, and iron on the performance, blood parameters, and tibia characteristics of broiler chickens during
the grower and finisher periods, 1250 broiler chickens from the Ross 308 strain were divided into 10
experimental treatments. Each treatment consisted of 5 replicates with 25 observations in a completely
randomized design. The experimental treatments included mineral elements (zinc, copper, manganese, iron)
from two organic and inorganic sources at levels of 40, 60, 80, 100, and 120% of the requirements during the
grower and finisher periods. Blood samples were collected from two chicks in each replicate at 42 days of age

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
9 http://doi.org/10.22067/1JASR.2024.88496.1204
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and analyzed for various parameters at the laboratory of Razavi Hospital in Mashhad.

Results and Discussion: The effects of different levels of organic and inorganic minerals (zinc, copper,
manganese, iron) on the performance of Ross 308 broiler chickens during the grower, finisher, and entire
experimental periods are presented in Table 2. The results indicated significant effects of different treatments on
body weight gain, feed consumption, and feed conversion ratio across all periods. The highest body weight gain
during the grower period was observed in groups receiving 120%, 100%, and 80% of organic mineral
requirements and 120% of inorganic requirements. Daily feed consumption was highest in the group receiving
40% of inorganic and organic mineral requirements and lowest in groups receiving 80%, 100%, and 120% of
inorganic and 60%, 80%, 100%, and 120% of organic requirements. The feed conversion ratio was significantly
higher in groups receiving 40% of organic and inorganic requirements compared to other groups during the
grower period. In the finisher period, the highest daily body weight gain was observed in groups receiving 120%,
100%, 80% of organic mineral requirements and 120%, 100% of inorganic mineral requirements. Daily feed
consumption was significantly lower in groups receiving 100%, 120% of inorganic mineral requirements and
120%, 100%, 80%, 60% of organic requirements during the finisher period. Throughout the rearing period (11-
42 days), daily body weight gain was significantly higher in groups receiving 120%, 100% of organic mineral
requirements and 120% of inorganic mineral requirements. Daily feed consumption was highest in the group
receiving 40%, 60% of mineral requirements from inorganic sources.

Conclusion: The study results demonstrate that different sources and levels of recommended mineral
requirements have significant effects on performance, bone mineral storage, and bone physical properties. The
lowest feed conversion ratio during the entire rearing period was observed in groups receiving 80%, 100%, and
120% of the requirements from organic and mineral sources. Daily weight gain was significantly higher in
groups receiving 100%, 120% of the recommended requirements of organic minerals compared to other groups.
Zinc, copper, manganese, and iron stored in bones were significantly higher in groups receiving 80%, 100%,
120% of the recommended requirements of organic minerals and 100%, 120% of the recommended inorganic
requirements. Fracture energy was significantly higher in groups receiving 120%, 100%, 80% organic and
inorganic minerals. Based on the findings, it is recommended to use 80% of minerals in organic form due to its
high storage capacity in the tibia bone and its ability to achieve performance similar to 100% and 120% of the
requirements from organic and inorganic sources.

Keywords: Blood parameters, Broiler chickens, Minerals, Performance, Tibia
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Table 1- The ingredient and nutrient composition of basal diet to broiler chickens (11-42 days)
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Table 2- Amounts of zinc, copper, manganese and iron added to the diet and the amount measured in the diet
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Table 3- The effects of inorganic and organic supplements on the growth performance of broiler chickens in the growing and finishing

periods
AD) 09 b oygd hax 09> JS
Grower period Finisher period Whole period
" 2t b e Jas oo oRl38l by Jas oo ol o Ja5 oo
I OV 039 . Shss ) . S oN oy She Brae Shss
Joe Leve Sy Slygs
Item Body Feed Feed Body Feed Feed Body Feed Feed
weight . conversion weight . conversion weight intake conversi
: intake . : intake . s .
gain ratio gain ratio gain on ratio
40 41.724 71672 1.728 65.18¢ 134.802 2.062 55.65 d 109.152 1962
St JeSo 60 42.024 69.64 @ 1.67° 67.59¢ 133.07® 1.97° 57.204 107.30 2 1.88°P
Inorganic 80 43.46Pcd 68.06 157¢ 73.61° 131.60bc 1.79¢ 61.36¢  105.79 cde 1.72¢
mineral 100 44.89 67.36 ¢ 1,53« 7482  13142¢ 1.76°¢ 62.25%  105.40 % 1.69¢
120 44,79 ac 67.28 ¢ 1.50 de 74878  130.21°¢ 1.74¢ 62.65 be 104.64 ¢ 1.67 <
40 41.93¢ 70.98 2 1.69 a 67.09¢ 13364 1.99 a 56.87 9 108.18 @ 1.90 &
S JeSe 60 43.12 cd 68.16 b 1.58¢ 73.580 132.24 be 1.80¢ 61.20°¢ 106.20 o 1.73°b
Organic 80 44.10 abc 67.35¢ 1.53 75.49%  130.68 ° 1.73 62.74 ¢ 104.95 d 1.67 be
mineral 100 44.88% 66.74 ¢ 1.49 de 76.972 130.34¢ 1.69d 63.93 104.50 ¢ 1.63 o
120 45782 66.54 ¢ 1.45 de 77312 130.29 ¢ 1.68d 64.50 2 104.39 ¢ 1.62¢
okl gl
> LSEI\j 0.362 0.425 0.012 0.653 0.482 0.018 0.417 0.322 0.014
S g pdaw Jlais
P value
TJts | 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
otal
Sc;é;ce 0.8356 0.6891 0.2489 0.2588 0.1492 0.2119 0.5188 0.3598 0.2148
I‘;J;; 0.0428 0.0092 0.0367 0.0638 0.0596 0.0280 0.0382 0.0024 0.0180
&ie X gaw
Source x 0.2148 0.3212 0.1515 0.3128 0.3519 0.3890 0.0351 0.0925 0.1692
level
Jaie duglis
Contrast
LL_SB 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
iner
P9 4?)3_ 0.8849 0.0053 0.0120 0.0005 0.2080 0.0001 0.0012 0.0099 0.0001
Quadratic
“’(’; :(’; 0.2385 0.8459 0.1185 0.0352 0.4071 0.0221 0.0191 0.4005 0.0134
ubi

(P<eT+0) a3l oo (I ine B3] gy cglite gym b gty p oy Sile *P
&b Means with different letters within a column are significantly different (P < 0.05).
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odlawl 48 JJJ; uL’ olﬁbu Orod .(Hajilari etal., 2018)
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Table 4- The effects of inorganic and organic supplements on the blood parameters of broiler chickens in the growing and
finishing periods

e Tk 5

JS o Owesd]

gl S ) Wl pglle

Gl Protein total  Albumi Uric acid e S MDA L
ucose rotein tota umin ric acCl
Item level (mg/dl) (mg/dl) (mg/dl) (mg/dl) ALP(U/) (umol/l) CAT (UN)
40 210 5.86 2.068 0.592 57.0 8.8 5.356
Sl JoSo 60 215 5.78 2.248 0.574 59.0 8.902 5.696
Inorganic 80 211.2 5.78 2.108 0.594 58.0 9.094 5.278
mineral 100 204.8 5.76 2.066 0.62 52.6 9.14 5.72
120 214.6 5.82 2.132 0.604 54.2 9.138 5.252
40 198.6 5.82 2.128 0.634 61.2 8.616 5.678
JT JeSo 60 211.2 5.86 2.090 0.572 60.2 9.068 555
Organic 80 210.4 5.76 2.042 0.626 57.4 9.356 5.572
mineral 100 198.8 5.90 2.136 0.60 55.8 9.43 555
120 221.4 5.70 2.17 0.574 54.0 9.116 5.628
Skl (slas 5.572 0.177 0.053 0.021 2.985 0.244 0.278
SEM
Eob g pdaw Jleis
P-Value
#Z " 0.1352 0.9992 0.2790 0.3691 0.5498 04635  0.9345
o 0.3659 0.3495 0.3485 0.3598 0.3648 0.2849  0.6589
Source
f‘;‘el 0.7589 0.2147 0.1158 0.2548 0.7586 06289  0.5248
e 0.6258 0.5257 0.6627 0.8249 0.6254 01587  0.6257
Source x level
s
Contrast
fi‘r; r 0.4409 0.7061 0.5401 0.2755 0.2938 02735  0.5906
P32 420> 0.3125 0.8668 0.0420 0.3019 0.2223 0.9092  0.8553
Quadratic
g‘“b‘f?ﬁ 0.8048 0.8999 0.0845 0.7355 0.9170 0.8299  0.2004
upbic

ALP: alkaline phosphatase; MDA: malondialdehyde; CAT: catalase

boiye ozl Siis oole duopd (s Dgr D e BMS] &S
9t ate Ololan] 1oyd Ve Nov oauSedl s (claog,S 4
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Table 5- The effects of inorganic and organic supplements on the mineral contents of broiler chickens in the
growing and finishing periods

S JLI $9) e proe N
ke goke : . o
Item Level Calcium Phosphorus Zinc Copper Manganese Iron (ppb)

(ppm) (ppm) (ppm) (Ppmd) (ppm) _

40 36.54 18.37 79.93¢ 0.43 1.87¢ 81.71
St JeLo 60 36.70 16.99 80.80¢% 0.51% 2.04¢ 85.71%
Inorganic 80 35.53 17.20 83.14¢ 0.582 2,578 116.87°
mineral 100 36.65 17.01 86.49% 0.572 2.672 139.232

120 36.94 17.19 86.962 0.552 2,702 143.15°

40 36.68 16.76 79.14¢ 0.444 1.84¢ 88.99¢
N JeLe 60 36.55 16.93 81.91% 0.49° 1.88¢ 101.02b¢
Organic 80 37.26 16.80 85.03° 0.50% 2.19° 139.502
mineral 100 37.09 16.93 87.342 0.552 2.632 142.592

120 37.03 16.91 87.03? 0.55% 2.67° 132.96%
Js’ll;'\:“l ol 0.363 0.524 0.623 0.013 0.061 5.586

Sb oo pdaw Jlois!
P-Value
£ 0.8482 0.6307 0.0001 0.0001 0.0001 0.0001
Total
e 0.8579 0.5518 0.4194 0.4928 0.4219 0.2519
Source
g 0.8254 0.5269 0.0001 0.0018 0.0418 0.0189
Level
o X gl 0.6851 0.06254 0.0234 0.0965 0.2358 0.1453
Source x level
Contrast
flia:er 0.9214 0.1068 0.0001 0.0001 0.0001 0.0001
- 0.9560 0.2680 0.0567 0.0030 0.0628 0.1103
Quadratic
8“’ b‘%)) 0.7025 0.4015 0.8693 0.2839 0.0145 0.1620
ubic

(P<1+0) sl o (s o sime S (gl iglito By by (ysis yo )3 laySile O
&b Means with different letters within a column are significantly different (P < 0.05)

A (5 e glygal (g 9 Jeb il el gyl ine
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Table 6- the effects of inorganic and organic supplements on the physical property of tibia bone in broiler chickens in the

growing and finishing periods

[E 2N 039 R ) ' .. <55
e gshe Dray pegae e = A iy Fr:;::re S
] Length Diameter Ash Stifness . Shear
Item Level matter Weight (mm) (mm) %) (N/mm) deflection
@) (Nim?) (mm) force
(N/m?)
40 44.40° 1.086" 68.02 8.77 22.81 197.73 2,51 0.477¢
et JoSa 60 46.95¢ 1.082b¢ 69.83 9.65 20.96 219.85 2.70 0.511¢
Inorganic 80 50.82@ 1.094abc 69.91 8.96 21.29 234.10 2.58 0.5322
mineral 100 50.43abe 1.124% 68.85 9.54 22.24 217.00 2.52 0.524ab
120 50.78zbe 1.113% 72.21 9.78 21.70 220.13 2.73 0.5302
40 47.41b¢ 1.09620¢ 68.70 9.59 22.88 243.42 3.98 0.481bc
S JeSe 60 51.51@ 1.078% 69.46 9.42 18.75 212.24 2.22 0.522°
Organic 80 52.96% 1.073¢ 67.88 9.60 22.88 235.95 2.92 0.527%
mineral 100 53.10% 1.116% 69.68 9.55 20.64 215.36 2.01 0.5422
120 54,222 1.1352 70.24 9.39 20.41 243.52 2.57 0.5372
Skl sllas 1.84 0.01 1.05 0.22 1.32 16.24 0.24 0.0125
SEM
SPisine g Jloss]
P-Value
'I%Z tal 0.0508 0.0373 0.2180 0.0618 0.4542 0.5867 0.4880 0.0055
& 0.2951 0.5127 0.6719 0.4895 0.0625 0.1580 0.7824 0.0514
Source
flg\jel 0.0267 0.0624 0.3495 0.5290 0.6281 0.3521 0.2864 0.0182
i 0.2807 0.2381 0.5270 0.4489 0.4621 0.2589 0.5291 0.0462
Source x level
Contrast
Liner 0.5420 0.0537 0.5881 0.1145 0.8154 0.3269 0.9346 0.0113
Quadratic 0.1083 0.2420 0.1816 0.5069 0.2981 0.2347 0.5993 0.1420
Qubic 0.0852 0.9622 0.9030 0.0069 0.7926 0.7472 0.7232 0.7179

(P<eT+0) il o ()l ine NS (il glite g b gty 4 lapSibe 3P
&b Means with different letters within a column are significantly different (P < 0.05)
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Introduction: Probiotics are live microbial feed supplements that exert beneficial effects on host animals by
enhancing the balance of intestinal microbes (Fesseha, 2019). In poultry production, probiotics are increasingly
viewed as alternatives to oral antibiotics due to growing concerns regarding antimicrobial resistance (Ogbuewu
et al., 2022). Bacillus probiotics, in particular, have shown significant promise thanks to their spore-forming
capabilities and resistance to feed processing (Ogbuewu et al., 2022). The stability of Bacillus spores in various
stressful conditions, along with their ability to produce a range of enzymes such as protease, amylase, and lipase,
makes them suitable food additives (Lei et al., 2013). Research indicates that probiotic supplementation can
enhance growth performance, feed conversion efficiency, and antioxidant status in broilers (Jadhav et al., 2015;
Ogbuewu et al., 2022). Additionally, probiotics contribute to improved intestinal health by promoting beneficial
microflora and enhancing intestinal morphology (Ogbuewu et al., 2022). Likewise, probiotics can boost various
performance and health parameters in poultry, including body weight gain, feed conversion ratio, and overall
intestinal health (Alhefny et al., 2022; Aziz et al., 2022; Hassan et al.,2023; Prentza et al., 2022; Smolovskaya et
al., 2023).The administration of synbiotics has been associated with positive effects on gut health, survival rates,
and the composition of gut microbiota in broiler hens, suggesting potential benefits for reproductive performance
and overall health in later life (Prentza et al., 2022). Furthermore, the use of probiotics does not lead to antibiotic
resistance in intestinal bacteria, nor does it cause the accumulation of antibiotics in bird tissues (Angelakis, 2017;
Blajman et al.,, 2015). Common probiotic strains utilized in poultry include species of Lactobacillus,
Enterococcus, and Bacillus (Fesseha, 2019). Although probiotics demonstrate potential as growth promoters,
their effects can vary depending on the specific strains used and their dosages (Ahmad,2006). The characteristics
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of an effective probiotic include the following:1. It is non-pathogenic.2. It exerts a positive effect on the host
animal.3. It can survive in the intestinal environment.4. It remains viable under storage conditions.5. It has a high
shelf life during processing.6. It competes effectively with harmful bacteria (Smirnov et al., 2005).

Materials and Methods: This experiment aimed to investigate the effects of commercial probiotics on
sperm traits, intestinal morphology, gut microflora, and antioxidant status in 65-week-old Ross 308 male broiler
breeders. A completely randomized design was used with 5 treatments, 10 replications, and one male per unit,
totaling 50 males. Sperm characteristics were assessed by collecting samples using the abdominal rub method
every ten days. The eosin and nigrosine staining method determined the percentage of live and dead sperm.
Antioxidant capacity and glutathione peroxidase activity were also measured. At the experiment's conclusion, all
roosters were slaughtered to evaluate intestinal morphology and quantify E. coli and Lactobacillus populations.

Results and Discussion: The effects of varying levels of commercial probiotics on sperm parameters—such
as volume, motility, live sperm percentage, sperm count, and abnormal sperm percentage—in 65-week-old Ross
308 broiler breeders are detailed in Table 3. The study found that the experimental treatments did not
significantly affect sperm volume, motility, or live sperm percentage. However, during the first and second
months, sperm counts in groups receiving 100, 150, and 200 mg/kg of probiotics were significantly higher than
in the control group (P<0.05). Bacillus supplementation notably increased live sperm counts (Mazanko et al.,
2018). Additionally, the percentage of abnormal sperm was significantly lower (P<0.01) in the 100, 150, and 200
mg/kg probiotic groups compared to controls. Consistent with our findings, vitamin E has been reported to
enhance semen volume, sperm motility, and egg fertility, while vitamin C reduces dead sperm percentages
(Khan et al., 2012; Khan et al., 2013). In the first month, supplementation with 150 and 200 mg/kg of probiotics,
and in the second month with 50, 150, and 200 mg/kg, significantly increased total antioxidant capacity
(P<0.05). Probiotics also significantly increased villi length, with the highest jejunum villi length observed in the
150 mg/kg group (1231 micrometers) compared to the control (1156 micrometers). The villus-to-crypt depth
ratio was highest in the 150 mg/kg group, showing significant improvement over controls. Probiotic addition
significantly increased Lactobacillus numbers in the jejunum and ileum (P<0.05), while E. coli counts in the
jejunum were significantly reduced compared to the control group.

Conclusion: The study demonstrated that probiotics in poultry nutrition enhance the immune system by
settling in the digestive tract, preventing pathogens from adhering to intestinal villi, creating acidic conditions,
and producing bactericides. This, in turn, improves nutrient digestion. Additionally, roosters fed with 100, 150,
and 200 mg/kg probiotics showed a significantly higher number of live sperm compared to the control group.
Overall, based on sperm characteristics, intestinal morphology, gut microflora, and antioxidant status, 100 mg/kg
of probiotics is recommended as the optimal dosage.

Keywords: Antioxidant, Broiler Breeder Roosters, Commercial probiotic, Gut Microflora, Intestinal
morphology
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Table 3- The effect of different levels of commercial probiotics on some sperm parameters in Ross 308 broiler breeder rooster at the
age of 65 weeks

* iabojl (slaylas
Experimental treatments”

e olo wls ol Jleol o
i 100 150 200 5 sk Iy,
| M h I ) SR>
tem ont Contro SEM P value
| olo
W PE & 0.49 050 051 051 051 0.010 0.3051
] First month
(S)*:JL;LA) | F53°L°
(rﬁf)rm"o ume Second 0.50 052 052 050 051 0.009 0.6057
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| o
sl S o5 Jolebe 3.60 3.8 4.0 3.9 4.1 0.257 0.6937
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L. F53°L°
(Ssiirrg‘ln_‘g)“"ty Second 370 04 44 41 41 0259 0.4520
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| olo
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* Experimental treatments include control treatment, 50, 100, 150, and 200 mg of probiotics per kg of feed.
=d Means with different letters in the same column have a significant difference at the 5% level.
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Table 4- Effect of different probiotic levels on glutathione peroxidase level and total antioxidant capacity of sperm
plasma in Ross 308 broiler hens in the first and second months of the experiment (age 65 weeks)

IS sl e o STy o85S
Total antioxidant capacity Glutathione peroxidase
(U/ml) (U/ml)

*wln)i Lglka)lo» LJBI olo Pf') olo Jsl olo 195.! olo
Experimental treatments” First month Second month First month Second month
el 3.92b 3.89° 31.44 30.46
Control
50 4.08° 4172 31.33 31.33
100 4.04° 4.072 31.60 3151
150 4,282 4.232 23.07 32.23
200 4.302 4.182 31.59 32.01
sl (sl 0.064 0.948 0.948 1.068
SEM
S usine oo g 0.0005 0.0362 0.0699 0.7968
P value
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*Experimental treatments include control treatment, 50, 100, 150 and 200 mg of probiotics per kg of feed.
&d Means with different letters in the same column have a significant difference at the 5% level.

(e s5bd Sgngn oSl oS ) jyn Job
09,5 2 p935 it ol ryidn (P<e/0) Bl (il s
boye (nyieS 9 Soman PSS 13 p)5 (e N0+ oaiScdly

9 P35 Sy p Signgp Al zolaw I edlitul I
ol A (585 ol slag B 55 Lol (PH) al 5 sl



\A 00009 (229 550 Caro 009 (ol y ooyl Olhio 3 (g)lni S gmg . Ol 51y, g 590l

pohl )3 S Boe LD SSgngn p TS 2 p)S e O
Goe & Job Cos 2855 5 ailof] slale ,3b o5
P 5S s prSdee Yoo g Ve e slogy S 0 poihl 3 i )S
@l 4 42 b g bl 0g)S 5l iy ()3 eyl Sigmgn
955 Job & sl 0nd (3))5 Sllllas 1 (gl o bl ()
L oadandis (88 slagye )> ConS Gos & jp Jobo S
; Lei et Jayaraman et al., 2013) sl widly j5)531 Sgmgp
a3l .(; Shamoto and Yamauchi, 2000al., 2014
Yoo 930+ Oev oa Sl )y lrog, 3 0 poibl ol give
old 09)S | S gyl gme ysbdy Sangn pS9S 2 PS5 ke
N (ot Jolge dlon ] 035, il (SakSs 5 5L s
(IS yobody i bLIyl o ileS cudyls g 639y oMl by aS
039y 3y Shos L))l Cger cuwlie ya3LE G e S Jsb

3 Job Dgs ieg,Sue VIS 5 VWYY (i S oS 2y Sl 09,5 &
Cb)S )8 Sgngn Span b CoB pglS 3 S Bes
09,5 d bgye Cop)S Gos d i Job s (p i o5
Comd (2508 9 SSgngn PSS 32 p)5 (ke 10+ paiS8L
9 (63 me 3 Lyl oy VS g ol cawddy Anli 09,5 5
S oslil 45 45 )5S Ltalosl el b b siles (P<-/-0)
Gy dgaty Sl (LSS Sladrgr op ) SSgngn JoSe
(S Gos & 5 Jobo Cud g 5 )] Ralj31) 039 (slis
13 (H) sl (yyit (AD El-Hack et al., 2020) .
SSomgn PSS 2 e ke O g ald (sloog )T 4 by ye pgiS5
Yoo 930 Nev oaiScal n slrog)S & bgype jlde pyieS 5
e gt Smgn Spae 39 Smgn )5S 1 p)S e
$bapgys (P<e/0) ad ool )3 55 Jobo plalBl el ()l
A Sgngn PSSy psSidee Ver 9 V0r Vee oSl
oAiSdlyd g ald (sboog S Sl syt jp Jsb s)b e ok

im0 o YA oy (1555 lo glapeg S 5 potll g i35 (PH) sl g 039y (wlidcon; y Siigng hlies golaw 51-0 Joda
Table 5- The effect of different levels of probiotics on intestinal morphology and jejunum and ileum acidity in Ross 308 broilers at
the age of 65 weeks

* ool slasless
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- s ks Jlei>! o
* 100 150 200 N b
I I ) )P e
tem Contro SEM P value
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*Experimental treatments include control treatment, 50, 100, 150 and 200 mg of probiotics per kg of feed.
&d Means with different letters in the same column have a significant difference at the 5% level.
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Table 6- The effect of different levels of probiotics on jejunum and ileum microflora in Ross 308 broiler hens

p ol
. ) Jejunum Ilium
EML” I ‘5Lm)iwl treatments” osleolpsY M=/ skwlgSY =l
Xperimental treatments Lactobacillus E-Coli Lactobacillus E-Coli
logio (CFU/Q)
sl 7.52¢ 6.81° 7.40° 6.55¢
Control
50 7.590 6.72° 7.48° 6.51°
100 7.65P 6.64°¢ 7.582 6.49P
150 7.672 6.574 7.718 6.49°
200 7.662 6.54¢ 7.642 6.51P
5 bl (gl
.02 .014 .022 .014
SEM 0.020 0.0 0.0 0.0
Is, = N
& 2ine Jloio] s 0.0001 0.0001 0.0001 0.0122
P value
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* Experimental treatments include control treatment, 50, 100, 150 and 200 mg of probiotics per kg of feed.
=d Means with different letters in the same column have a significant difference at the 5% level.
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Introduction: Various factors have been reported to influence broiler chicken performance, including
environmental conditions, nutrition, management practices, and genetics. One of the priorities in poultry production
is the availability of effective alternatives to antibiotics, and the native strains of this type of alternative have various
advantages. Probiotics as live microbial supplements in feed improve the microbial balance of the gastrointestinal
tract and then improve animal health. Probiotics can enhance growth performance, support the immune system, aid
nutrient digestion, and positively influence the microbial population of the gastrointestinal tract. Commercial
probiotics are the most commonly used; however, screening the natural flora of the gastrointestinal tract has become
a valuable approach in identifying effective probiotic strains. Selecting the optimal species for use in probiotic
supplements is largely experimental and depends on their proven impact on the performance of living organisms.
This project aimed to investigate the effects of indigenous probiotics on broiler chickens.

Materials and Methods: The probiotics included strains of Lactobacillus reuteri isolated from native chickens
in Oshnavieh, Shush, Shaft, and Masal, as well as Lactobacillus salivarius isolated from native ducks in
Mazandaran. The study aimed to assess the impact of these probiotics on the performance, immune response,
morphology, and gut lactobacillus population in broiler chickens. The single strain (PIr2) and combination strains
(PIr9, PIr10, PIr11, and PIr12) were evaluated in a completely randomized design. There were seven treatments,
each with four replicates, and 16 one-day-old Ross 308 broiler chickens per replicate. Treatments include 1) control:
basic diet without any additive, 2) Positive control 2: basic diet + commercial probiotic, 3) Basic ration + 1.36x10°
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CFU/g L. Reuteri isolated from Oshnavieh native hen (PIr,), 4) Basic ration + 1.36x10° CFU/g L. Reuteri isolated
from Oshnavieh native hen and L. salivarius isolated from Mazandaran native duck (Plrg), 5) Basic ration +
1.36x10° CFU/g L. Reuteri isolated from Oshnavieh native hen and L. salivarius isolated from Mazandaran native
duck and L. Reuteri isolated from Shush native hen (Plry), 6) Basic ration + 1.36x10° CFU/g L. Reuteri isolated
from Oshnavieh native hen and L. salivarius isolated from Mazandaran native duck and L. Reuteri isolated from
Shush native hen and L. Reuteri isolated from Shaft native hen (Plry;) and 7) Basic ration + 1.36x10° CFU/g L.
Reuteri isolated from Oshnavieh native hen and L. salivarius isolated from Mazandaran native duck and L. Reuteri
isolated from Shush native hen and L. Reuteri isolated from Shaft native hen and L. Reuteri isolated from Masal
native hen (Plri).

Results and Discussion: There were no significant differences in feed intake, daily weight gain, or feed
conversion ratio among the probiotic treatment groups. However, evaluation of antibody production against sheep
red blood cells (SRBC) injected during the first 30 days of rearing showed that the Plr12 probiotic combination
significantly increased IgG levels compared to the control group (without additives). The secondary immune
response, measured 42 days after SRBC injection, showed an even greater increase in antibody levels. Additionally,
all probiotic combinations significantly enhanced antibody levels compared to the control. It appears that as the
chicks mature, their immune system continues to develop, and the memory cells generated during the initial immune
response led to an increased production of antibodies during the subsequent response. Results derived from the
broilers jejunum morphology study in the first experiment showed that the addition of the native probiotic
combination PIr9, PIrll, and PIrl12 to the diet resulted in a significant increase in the length of the intestinal villi of
jejunum in chickens from the experimental groups when compared to chickens from the control group. Also,
investigation of villus length/crypt depth and surface villus area indicated a significant increase in these traits in all
probiotic treatments used compared to control treatments and commercial probiotic. The examination of the
lactobacillus population in the cecal contents of broiler chickens showed that the combination of strains PIr9, Plr11,
and PIr12 significantly increased the population of these beneficial bacteria compared to the control and commercial
probiotic treatments. Each strain had specific probiotic properties. When these strains were combined and
administered to broiler chickens, there was a significant increase in beneficial bacteria and a reduction in harmful
bacteria.

Conclusions: This study demonstrates that probiotic bacteria, isolated from the microbial population of the
digestive system of native birds, have the potential to serve as valuable dietary supplements in poultry nutrition.
Each probiotic strain confers varying levels of optimal efficacy; as a result, these probiotics can be used individually
or in combination, and they can replace antibiotics and commercial probiotics.

Keywords: Broiler chicken, Immnune response, Intestinal morphology, Microbial population, Probiotic
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Table 1- List of seven experimental treatment groups

o
Treatment

1 e Sl s 0 Glen) wb o
Basal ration (based on corn and soybean meal), negative control
g Sete S b o+ (Unse) 015 S
Basal ration + commercial probiotic (Biopol), positive control
(PIr2) 4551 Logs £ 50 3l orilis L. Reuteri s, 1.36x10° CFU/G + 4l o,

Basal ration + 1.36x10° CFU/g L. Reuteri isolated from Oshnavieh native hen (Plrz)
(PIr9) o5l (opr 531 jl oailas L. Salivarius o 4,5usl eg ¢4 5l onslis L. ReUteri s, 1.36%10% CFU/G + 4l oy
4 L. Reuteri isolated from Oshnavieh native hen and L. salivarius isolated from Mazandaran native Basal ration + 1.36x10° CFU/g
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Table 4- Effect of experimental treatments on immune response against injected SRBC in 30 and 42 days of
growth (values are log> base) !

o locs NC Pbio PIr2 PIr9 PIrl0 PIr11 PIr12 SEM P-value
Treatments

(1= 355 %) G olsnslSoige! 3.37° 525% 275k 575 4878 5078 5922 (03601 0.0021
IgG (30)

(1« 352 ) M odeslS 59 200 225 237 237 212 212 262 02711 0.1835
IgM (30)

(I ¥Y 55 2) G olsnslSyige! 412> 500® 6.87¢ 6.75% 6.12¢ 6.87% 6.75% 0.3479 0.0008
IgG (42)

(I ¥Y 335 »9) M 03255539 2.12¢ 3.12% 237¢ 387% 2.75% 3128 362 (2977 0.0062

IgM (42)
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jlosslie L. Reuteri 81 1.36%10% CFU/G + 4l 040 PIFLO c)ys55le (ogr 3,1 3l onisla L. Salivarius g aygusl ags § e ;|
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oo Exo jl ol L. Reuteri g ohajle geg S5l jl oadlis L. Salivarius sl (op &0 3l oailis L. Reuteri ¢ s, CFU/g
gl oog Eyo 3l oaslix L. Reuteri (,is1, 1.36x10% CFU/G + 4l oy PIrL2 wwis og §50 5l orislis L. ReUteri 5 oo
L. Reuteric s o9 &0 jl oailis L. REUtEri «wid ogr 4o jl onilis L. ReULENT ()l555le ogs S, jl onilasL. Salivarius

Jlole (o9 5o jl oailaz
1Basal ration (based on corn and soybean meal), non-additive, negative control (NC), Basal ration +
commercial probiotic (Biopol), positive control, Basal ration + 1.36x10° CFU/g L. Reuteri isolated from
Oshnavieh native hen (PIr2), Basal ration + 1.36x10° CFU/g L. Reuteri isolated from Oshnavieh native hen and
L. salivarius isolated from Mazandaran native duck (Plrs), Basal ration + 1.36x10° CFU/g L. Reuteri isolated
from Oshnavieh native hen and L. salivarius isolated from Mazandaran native duck and L. Reuteri isolated
from Shush native hen (Plri), Basal ration + 1.36x10° CFU/g L. Reuteri isolated from Oshnavieh native hen
and L. salivarius isolated from Mazandaran native duck and L. Reuteri isolated from Shush native hen and L.
Reuteri isolated from Shaft native hen (Plru), Basal ration + 1.36x10° CFU/g L. Reuteri isolated from
Oshnavieh native hen and L. salivarius isolated from Mazandaran native duck and L. Reuteri isolated from
Shush native hen and L. Reuteri isolated from Shaft native hen and L. Reuteri isolated from Masal native hen
(Plr12)
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Table 5- Effects of experimental treatments on jejunum morphology and Lactobacillus population in broilrs chickens cecum?®

ooles NC Phio P2 PI@ PO Pl PIrl2 SEM
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Effects of experimental treatments on Lactobacillus population in broiler chickens cecum
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content)

1.36x10° CFU/g + Gl oy PIr2 cuze JysS bl ops + (Jyy;) &)los Sgmgn :Pbio stio S e $50938) ey :NC ;(bﬁw 9 &yd dl;.,.a)g) ol b).?\
5l oxslis L. Salivarius g agusl eg §ye 5l orilis L. Reuteri (o, 1.36x10% CFU/G + b o> PIr9 wygiil ogs 0 5l orishie L. Reuteri st
L. 5 ohsjle ogr o)) 3l onilie L. Salivariusy aguil eg &0 5l sailie L. Reuteri (1, 1.36x109 CFU/G + 4L oy PIF0 (o555l ogr S5
o9 Syl 5l oaslis L. Salivarius sl cog & 5o 5 srilis L. Reuteri 1 1.36x10° CFU/G + ab oys PIFLL (3o g § 5o jl sailis Reuteri
5 o3l L. Reuteri 5L 1.36X10° CFU/G + b oy PIF12 i ogr §pe jl odidlis L. REULETT ¢ 395 og £y 5l onilis L. ReUteri g o,k
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Jlole (cog: £ 0 51
!Basal ration (based on corn and soybean meal), non-additive, negative control (NC), Basal ration + commercial probiotic (Biopol),
positive control, Basal ration + 1.36x10° CFU/g L. Reuteri isolated from Oshnavieh native hen (Plrz), Basal ration + 1.36x10° CFU/g
L. Reuteri isolated from Oshnavieh native hen and L. salivarius isolated from Mazandaran native duck (PlIrg), Basal ration + 1.36x10°
CFU/g L. Reuteri isolated from Oshnavieh native hen and L. salivarius isolated from Mazandaran native duck and L. Reuteri isolated
from Shush native hen (Plryo), Basal ration + 1.36x10° CFU/g L. Reuteri isolated from Oshnavieh native hen and L. salivarius
isolated from Mazandaran native duck and L. Reuteri isolated from Shush native hen and L. Reuteri isolated from Shaft native hen
(PIru1), Basal ration + 1.36x10° CFU/g L. Reuteri isolated from Oshnavieh native hen and L. salivarius isolated from Mazandaran
native duck and L. Reuteri isolated from Shush native hen and L. Reuteri isolated from Shaft native hen and L. Reuteri isolated from
Masal native hen (Plr12)
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Introduction: Arginine, as a precursor of nitric oxide, one of the main vasodilators, plays a significant role
in inhibiting the pathogenesis of ascites (Khajali et al., 2014). Adding arginine to the diet can increase
endothelial nitric oxide synthase activity, subsequently increasing nitric oxide production and reducing
hematocrit. By reducing blood viscosity and pulmonary vascular resistance, the right ventricle of the heart will
require less force to pump blood to the organs (Delfani et al., 2023). One of the most important applications of
arginine in the body is its use in the production of guanidinoacetic acid, which is a precursor for creatine
synthesis in the body (DeGroot et al., 2018). Guanidinoacetic acid is produced during the transfer of the amidino
group from the amino acid arginine to the amino acid glycine by the enzyme arginine-glycine
amidinotransferase, along with the amino acid ornithine (Kodambashi Emami et al., 2017; Asiriwardhana and
Bertolo, 2022). Guanidinoacetic acid is the only precursor of creatine in the bodies of vertebrates (Kodambashi
Emami et al., 2017). Adding guanidinoacetic acid to the diet can conserve arginine by providing creatine,
especially in young growing chicks that have a higher need for creatine for rapid muscle growth (Asiriwardhana
and Bertolo, 2022). To ensure optimal growth performance and various physiological responses, sufficient
amounts of arginine in the diet of birds are essential. However, the level of arginine required for optimal growth
is not sufficient for the activity of macrophages and the pulmonary vascular epithelium to produce maximum
nitric oxide (Khajali and Wideman, 2010). Despite the beneficial effects of arginine in reducing the incidence of
pulmonary hypertension syndrome (Khajali and Wideman, 2010), arginine supplementation in the diet is costly.
Using an alternative compound such as guanidinoacetic acid, due to its diverse effects and lower cost compared
to creatine and arginine, is more desirable in the diet of broilers (Khajali and Lemme, 2020). Therefore, the aim
of this study is to investigate the effects of replacing different levels of guanidinoacetic acid with arginine on
performance, carcass characteristics, susceptibility to ascites, and some blood parameters of broilers reared under
cold stress conditions.

Materials and Methods: A total of 200 male Ross 308 broiler chicks with an average weight of 42 + 1.5 g
were used. The chicks were individually weighed at 11 days of age and divided into 20 experimental units in
such a way that there was no difference in the initial weight of the experimental units. The current study was
conducted in a completely randomized design with 4 treatments, 5 replicates, and 10 chicks per replicate. The
experimental period started at 12 days of age and lasted until 42 days of age. Body weight gain, feed intake, feed
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conversion ratio, and ascites-related mortality were measured throughout the entire period (12-42 days of age).
On day 42, one chick from each replicate (five chicks from each treatment) was randomly selected and
slaughtered. Carcass components including carcass, breast, leg, and internal organs including heart, gizzard,
pancreas, proventriculus, bursa, abdominal fat, pancreas, spleen, duodenum, jejunum, and ileum were weighed
and their ratios to live weight were calculated. Additionally, after removing the heart, the right ventricle was
separated from the septum between the ventricles. After washing, the weight of the right ventricle and total
ventricles was measured using a digital scale with an accuracy of 0.001 g to calculate the ascites index. On day
41, blood samples were taken from the wing vein of two chicks per replicate (10 chicks from each treatment).
The blood samples were placed in tubes containing the anticoagulant heparin. A portion of the blood samples
was centrifuged at 2500 RPM for 10 minutes to separate the plasma for measuring nitric oxide levels, and the
remaining samples were sent to the laboratory for analysis of blood characteristics including partial pressure of
oxygen, partial pressure of carbon dioxide, pH, hemoglobin concentration, percentage of red blood cells, and red
blood cell count. All data were analyzed using the ANOVA option of the general linear model of SAS software.
Significant differences between treatment means were determined by Tukey's multiple range test. Differences in
means were regarded as significant at P < 0.05.

Results and Discussion: The results of this experiment showed that supplementation with 0.5% arginine
or 0.18% guanidinoacetic acid significantly improved feed conversion ratio compared to the control group. In
addition to its role in preserving arginine and glycine for other metabolic pathways, guanidinoacetic
acid plays a crucial role in nitric oxide synthesis and improves energy efficiency through ATP
production via the creatine-phosphocreatine shuttle (Khalil et al., 2021). Additionally, increasing the
level of guanidinoacetic acid supplementation linearly increased breast muscle yield and decreased relative
weights of the small intestine, duodenum, and ileum. Khajali and Wideman (2010) stated that increasing arginine
availability resulting from adding guanidinoacetic acid to the diet promotes cell proliferation and protein
synthesis, which plays an important role in improving carcass traits. Supplementing with 0.18% guanidinoacetic
acid also led to reductions in relative heart weight and the ratio of right ventricle weight to total ventricles
compared to the control group. Nitric oxide concentration also significantly increased with supplementation of
0.18% guanidinoacetic acid and 0.5% arginine compared to the control group. Arginine is an essential substrate
for nitric oxide synthesis produced by endothelial cells lining blood vessels. Nitric oxide acts as a potent
vasodilator, expanding smooth muscle cells of blood vessels and regulating or inhibiting the production of
vasoconstrictors such as endothelin-1 and serotonin, thereby reducing pulmonary vascular resistance (Khajali et
al., 2011; Delfani et al., 2023). Reduced synthesis and availability of nitric oxide are contributing factors to
increased pulmonary hypertension (Fathima et al., 2024). Hypoxic vasoconstriction of pulmonary arteries can be
alleviated by increasing the synthesis of nitric oxide, which acts as a vasodilator (Khajali et al., 2014).

Conclusion: Generally, the results of the current study indicate that guanidinoacetic acid can effectively
substitute arginine in the diet of broiler chickens raised under cold stress conditions.

Keywords: Blood gasses, Carcass characteristics, Growth performance, Guanidinoacetic acid, Nitric oxide
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Table 1- Ingredients and chemical composition of basal diets (%)

She oo (S9y VoY) oite] (5395 YF=1Y) (559, ¥¥-Y0) LL
Ingredients Starter (1-10 d) Grower (11-24 d) Finisher (25-42 d)
= 55.75 50.49 62.87
Corn
(0532 22,3 ¥0) g S 38.89 35,51 30.56
Soybean meal (45% CP)
Ly 559, _ 0.72 1.82 2.07
Soybean oil
Sl ol (> 2.38 213 1.93
DiCalcium phosphate
el LS 0.80 0.74 0.68
Calcium carbonate
Ve g
Soolig JoSe 0.25 0.25 0.25
Vitamin premix
Y .
e JaSe 0.25 0.25 0.25
Mineral premix
o 0.34 0.34 0.34
Salt
2590 0 = 0.19 0.13 0.13
L- lysine HCL
oy~ =2 0.32 0.27 0.24
DL- methionine
oy =) 0.12 0.08 0.06
L- threonine
(Mo ) odidpwle (gine dlgo cuS )
Calculated nutrient composition (%)
Metabolizable energy (kcal/kg)
(o) P iy 2223 2081 18.89
Crude protein (%)
(32)3) o 0.93 0.84 0.77
Calcium (%)
(32)3) o> JB it 0.46 0.42 0.36
Available phosphorous (%)
(x259) 033 1.36 1.27 113
Arginine (%)
(3259) 0234 1.24 1.11 1.00
Lysine (%)
(22,3) s * e 0.92 0.84 0.78
Methionine + cysteine (%)
g_f"JB)"g] Jos (1’)591“5 ) OYIB uSl L;“A) 233 221 190
Dietary electrolytes balance (mEqg/kg)
S VIPY B by o5 oIV K btz 5 /A E aliyg 0,5 VIV D3 paling el anlg A e e A ey llalli sy Y50 0o ol gialiyg JoSo p 5ol o

el it oo p 55k s " Ha S s ¥+ 5 B12 sy S ko 5 B uslig p.5 +/F B sy )5 VIVE cligity S 5 VAT B3 olizg 5 VWA B2 ol
potes )5 oAy S IV o p )5 F eml 25 Y0 59y 25 TYIM (10051) 5800 o5 YUFA el JS (35S 25 1+
L Every kilogram vitamin supplement containing: vitamin A, 3600000 IU; vitamin Ds, 800000 1U; vitamin K, 0.8 g; vitamin B1, 0.7
g; vitamin Bz, 2.64 g; D- calcium pantothenate, 3.92 g; vitamin Bs, 1.176 g; vitamin Bo, 0.4 g; vitamin Biz, 6 mg; Hz, 40 mg.
2 Every kilogram mineral supplement containing: choline chloride, 100g; manganese (oxide), 39.68 g; Zinc, 33.88 g; iron, 20 g;
copper, 4 g; iodine, 0.396 g and selenium, 0.08 g.
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Table 2- The effect of experimental diets on performance in broiler chickens under cold stress during 11-42 d

Jolxie dld.la.?,\;% dhwlﬁi‘o

Vo loss
* Lo sllas :
o e Treatmentst L /«5 gl Orthogonal polynomial
. Sl Jl;,,>| contrasts
Variables ol
Vs Voles Yol ¥l SEM P-value ksl p9> 42 )3
Tl T2 T3 T4 Linear Quadratic
(p5) S Sp2n 4350 3849 3936 3952 201.74 0332  0.204 0.418
Feed intake (g)
(%) 2 0is oI 1857 2029 1972 2025 76.37 0.374 0.096 0.708
Body weight gain ()
Shet b wepd 2342 191° 199%®  195b 0.088 0.013 0.003 0.136
Feed conversion ratio
o)) W5 @S a3l
European production 162.11> 264.832 290.532 257.212 21.34 0.011 0.013 0.008
efficiency factor
(222) il 32500 15000 2200 47000 3.18 0007  0.010 0.880

Mortality (%)

AP o100) asbse i sien cglis (gly)s ccisdy yn 53 alitepd gy b sl ®P
Sty dleS Sl 1oyd /WA + 18li ¥ 5yl g SutwlgnaileS dwl oyd o/ 44 + sl ¥ o ¢y, doyd /0 + aals Yl wals 1) leg’
ab Means within a row with different superscripts differ significantly (P<0.05).
1T1: control, T2: control + 0.5% arginine, T3: control + 0.09% guanidinoacetic acid, and T4: control + 0.18% guanidinoacetic acid.
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Table 3- Effects of experimental diets on carcass characteristics and relative weights of internal organs (percentage of body weight)
in broiler chickens under cold stress at 42 days of age

Joleto dlw» dLhduM'J'uﬁ

"l los .

o it Treatments* Sl oo s Juisl ey OFIN00ONE POlymOME
Variables Vs Y s Y o ¥ SEM P-value s 1 JRRR

Tl T2 T3 T4 Linear Quadratic
() ¥ 63.08 64.63 63.94 65.88 1.040 0.315 0.119 0.715
Carcass (%)
(z)_"l’ 18.84 19.88 19.38 20.50 0.809 0.531 0.227 0.799
Thigh (%)
(7) sics 25.45 27.14 26.41 28.96 0.918 0.087 0.035 0.547
Breast
). i 1.32 1.15 1.06 121 0.074 0.152 0.219 0.017
Abdominal fat
(Z.) gl 1.49 1.46 1.46 1.48 0.103 0.992 0.943 0.801
Gizzard (%)
(1) oseaie 0362 0348  0.352 0.374 0.019 0.754 0.642 0.469
Proventriculus (%)
(%) 5k 0.228 0.251 0.268 0.219 0.018 0.247 0.749 0.092
Pancreas (%)
(/_) S 2.07 2.03 1.98 2.05 0.104 0.943 0.940 0.574
Liver (%)
(%) o 0.149 0.181 0.169 0.173 0.009 0.114 0.107 0.501
Bursa of Fa (%)
() Joo 0.0902 0.072° 0.081% 0.080%® 0.003 0.018 0.044 0.316

Spleen (%)

(P< /40) 5l 3 sine glis gyls i) 1o 53 Ao Gy y> b (ol uSile®®

Szl dileS Sl 1oyd /WA + 18l ¥ 5l g SitwlgntileS Sl oyd o/ +4 + 18l ¥ o ¢yl doyd /0 + aals Y jles ki 1) lo”
ab Means within a row with different superscripts differ significantly (P<0.05).
1T1: control, T2: control + 0.5% arginine, T3: control + 0.09% guanidinoacetic acid, and T4: control + 0.18% guanidinoacetic acid
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Table 4- The effects of experimental diets on the relative weights of different sections of the small intestine in 42-day-old broiler
chickens under cold stress
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ab Means within a row with different superscripts differ significantly (P<0.05).

1T1: control, T2: control + 0.5% arginine, T3: control + 0.09% guanidinoacetic acid, and T4: control + 0.18% guanidinoacetic
acid
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Table 5 — Effect of experimental diets on susceptibility to ascites in broiler chickens under cold stress at 42 days of age
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1T1: control, T2: control + 0.5% arginine, T3: control + 0.09% guanidinoacetic acid, and T4: control + 0.18% guanidinoacetic acid
2RV/TV: right ventricle to total ventricle ratio
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