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Introduction: In the past, vitamins were considered as unknown growth factors, but during the twentieth
century, their structure and nature were gradually discovered. These compounds are necessary to maintain the
integrity of the tissues and general health of the body. Broiler chickens are unable to synthesize vitamins (except
vitamin C) or have the ability to make limited amounts of them (group B and K2). For this reason, vitamins
should be added to broiler feed as a supplement. Vitamins interact with other nutrients in various ways. The
main reference for vitamin requirements in broilers is the National Research Council (NRC, 1994). The
recommended amounts ensure conditions where there are no severe deficiencies. Applying the NRC
recommendations cannot guarantee the genetic potential of today's birds. Because these values were taken from
old studies and using pure feeds in laboratory conditions. Due to the dependence of Iran's poultry industry on the
import of vitamins, unfortunately, in recent years, few studies have been conducted in the country on the
appropriate pattern of adding vitamins to the diet of broiler chickens. Therefore, it is necessary to examine the
lower levels than the recommendation of the Ross 308 strain catalog (Aviagen, 2019) as the dominant strain of
the country and to propose an optimal model for different regions that does not have a negative effect on the
performance and safety traits and to reduce the need to import this strain. It will also follow the products.

Materials and Methods: The aim of this study was to determine the optimal pattern of vitamin
supplementation in diets based on corn, wheat waste and soybean meal on production traits, carcass
characteristics and immune responses of broilers from 1 to 42 days of age in Fars province. A total of 500 Ross
308 broilers with similar mean weight (mixed sex) were distributed in a completely randomized design with five
treatments, five replications and 20 chickens per replication. Experimental treatments included five levels of
vitamin supplementation: 1) control (100% of the recommended values of Ross 308, 2019 strain catalog), 2)
90% of the recommended values of Ross 308, 2019 strain catalog, 3) 80% of the recommended values of Ross
308, 2019 strain catalog, 4) 70% of the recommended values of Ross 308, 2019 strain catalog and 5) 60% of the
recommended values of Ross 308, 2019 strain catalog. At the end of each period, the feed consumption and body
weight of the birds were recorded with a digital scale with an accuracy of £0.01. At the age of 39 days, blood
was drawn from the vein under the wing of two birds from each experimental unit, with a syringe containing
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EDTA anticoagulant, and the blood sample was quickly transferred to the laboratory in a flask containing ice for
differential counting of white blood cells. At the end of the 42nd day of rearing, two birds from each
experimental unit were slaughtered to measure the relative weight percentage of carcass components. To
measure the humoral immune response, the injection of 0.5 ml sheep antigen (SRBC) at the age of 21 days was
used. CBH skin hypersensitivity test was also used to measure cellular immune response.

Results and Discussion: The highest and lowest mean body weight gain and feed intake belonged to the
vitamin pattern of 100 and 60% of the recommendation of Ross 308 strain, respectively (P<0.01). The best feed
conversion ratio and production index belonged to the vitamin pattern up to 90% of the Ross strain
recommendation (P<0.01). The highest and lowest percentages of pectoralis muscle (22.2% and 19.2%) were
related to the pattern of 100 and 60% of vitamin supplementation recommended by the Ross strain (P<0.01). The
effect of reducing vitamin supplementation on cutaneous basophil hypersensitivity (CBH), serum antibody level
against SRBC and percentage of heterophils, lymphocytes and heterophil to lymphocyte ratio was not
significant.

Conclusion: There was no significant difference between the functional indices and most importantly the
production index of treatment 1 (100% vitamin pattern) and treatment 2 (90% vitamin pattern). Carcass traits and
indicators related to humoral and cellular immune systems did not show significant differences too. As a result, a
10% reduction in the level of vitamin supplementation compared to the recommended level of the Ross 308
catalog is possible and suggested for raising broiler chickens. The final result is that in the breeding conditions of
Fars province poultry farms, it is possible to reduce the level of vitamin supplements in diets containing wheat
waste up to 90% of the recommendation of Ross 308 strain compared to the control diet.
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Table 1- Diet formulation and calculated chemical composition of the basal ration (as fed)

(%) oy s3] ol oy L5y 0 Sl oy
Feed ingredient (%) Starter diet (1-10 days) Growth diet (11-24 days) Finisher diet (25-42 days)
Oy 47.60 43.00 39.90
Corn

. ose 0, .
(055, %044) g oS 33.60 28.60 221
Soybean meal (CP %44)
PS5 Sl Slals 10.00 20.00 30.00
Wheat waste
25 Hgyen 2 23 3.00 3.00 3.00
Feather powder hydrolyzed
Sland ol 00 1.50 1.20 1.20
Di calcium phosphate
plab S 0.32 0.30 0.30
Common salt
e S 0.10 0.10 0.10
Sodium bicarbonate
osgi=d 0.06 0.04 0.04
L-threonine
2L 9 02 0.22 0.22 0.26

L- lysine hydrochloride
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Ol <> 0.23 0.23 0.22
DL- methionine
bges oi_s) 1.00 1.20 1.20
Soy oil
elS Sl 1.25 0.99 0.99
Calcium carbonate
AT .
u_wte._sda& _ 0.25 0.25 0.25
Vitamin premix*
Yo
e Jofe 0.25 0.25 0.25
Mineral premix?
Tme3l (Hge

- 0.005 0.005 0.005
Multi-enzyme®
¥ DR 3
Vo 0.005 0.005 0.005
Phytase 10000
nial 0.61 0.61 0.18
Bentonite

(%) sl (phord a8 5
Calculated chemical composition

(pSokS 1 B oLS) Sl g cogw B (5] 2864 2908 2053
ME (kcal/ kg)

() ¢ o552 22,62 21.15 19.19
Crude protein (%)

() el 1.01 0.85 0.85
Calcium (%)

() > B8 53 0.47 0.41 0.39
Available phosphorous (%)

(£) Ot + st 0.97 0.94 0.89
Methionine + cysteine (%)

(%) I o 1.34 1.25 1.15
Lysine (%)

() s 0.18 0.17 0.17
Sodium (%)

(7) el 0.92 0.90 0.86
Potassium (%)

() 5 0.24 0.23 0.22

Chlorine (%)
(PSS 13 YIS oho) o 0l (95 Joke

DCAB (mEq kg %) 243 240 231

sl 030l F B Y Jghia 3 45 ol 03905 ool |y (ilisen polin & UY (ciolojl (slaylons STyos p,SolS 1o )3 usliyy JoSa
Slily) oo 1S ke Voo (59) 3pST) 59 5005 o B (ol lilgus) a5 o Vo (500 0ST) 3Sho 905 00 (el |y 25 lie STyg5 pS5kS m 3 e dlga JaSa T
S IV il maan) paibe 9,5 ko ) fepdS Cliy) b fp )5 e Ve e
5 Y glw anlg Voo GUIS IS aslg Yoo GUM); anlg YT+ gols o p,8 10 5 (ADiSSEO COMPANY, FranCe auwilys cgrunsl ¢S 13) gulsy 65l pb b oslital 3)90 wu il (Joe 7
D2 LSy sy Ve e
Jilis hls o o5 a8 39 o usls ] Jiila s, 5l Jsame o (BASF company, Germany bl «il ol sl (o <8 15) (wgdbl syl pb b oalitl 390 kb w351 7
g (FUT) 5ks ool aslg Vevee
L Vitamin supplementation provided different amounts per kg of feed for experimental treatments 1 to 5 as shown in Tables 2 to 4.
2Mineral permix supplied per kilogram of diet: Manganese oxide, 100 mg; Iron sulfate, 50 mg; Zinc oxide, 100 mg; copper sulphate,
10 mg; Calcium iodate, 1 mg; Sodium selenate, 0.2 mg.
3 The used multi-enzyme was Rovabio (Adisseo company, France) and each gram contained 2200 units of xylanase, 200 units of B-
glucanase, 100 units of cellulose and 100 units of pectinase.
4 The used phytase enzyme was Natufhos brand (BASF company, Germany) and was a product of the Aspergillus niger
microorganism, which contained at least 10,000 units of phytase enzyme (FUT) per gram.
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Table 2- The pattern of vitamin supplements in experimental treatments in different experimental periods

YA wl) ) gu ARARY 39“;[; .)LW )l Edo)d o> #b)ﬁ? 2 Lmuml.u9 clale
Concentration of vitamins in the diet* as a percentage suggested by Ross 308 2019 catalog

owelig ; ; ; . :
Vitamin (o)) ot ()Y Slogs (ZA)Y Sloss (AV) ¥ o (25) 0 Yo
Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
(9100) (%90) (%80) (%70) (%60)
(Vo=Y) 59,
(1-10) day
(IU)A oty 12500 11250 10000 8750 7500
Vitamin A (1U)
(1U) Ds ooty 5000 4500 4000 3500 3000
Vitamin Ds (1U)
(IU)E cootzy 80 72 64 56 48
Vitamin E (1U)
(MO) K oretzg 3.20 2.88 2.56 224 1.92
Vitamin K (mg)
(Mge) oxels 3.20 2.88 2.56 2.24 1.92
Thiamin (mg)
(M) 015365, 8.60 7.74 6.88 6.02 5.16
Riboflavin (mg)
((mg) ot 62.50 56.25 50 4375 375
Niacin (mg)
((Mg) sl Sz 1850 16.65 14.80 12.95 111
Pantothenic acid (mg)
(M) oS24 4.85 4.365 3.88 3.395 201
Pyridoxine (mg)
(M) o 0.26 0.234 0.208 0.182 0.156
Biotin (mg)
((Mg) 2ol 552 2.20 1.98 1.76 1.54 1.32
Folic acid (mg)
((Mg) oxeVis 0.0170 0.0153 0.0136 0.0119 0.0102
Cobalamin (mg)
(YF=3Y) 59,
(11-24) day
(IU)A oty 10500 9450 8400 7350 6300
Vitamin A (1U)
(1U)Ds galey 4500 4050 3600 3150 2700
Vitamin D3 (1U)
(IU)E oeebzy 65 585 52 4550 39
Vitamin E (IU)
M)k xelzs 3.0 27 2.4 21 18
Vitamin K (mg)
(M) o 25 2.5 2 1.75 15
Thiamin (mg)
(M) x5 6.5 5.85 5.2 455 3.9
Riboflavin (mg)
(MG) sl 575 51.75 46 40.25 345
Niacin (mg)
(M) 2ol S5 165 14.85 132 1155 9.9
Pantothenic acid (mg)
(M) (o 3222 3.75 3.375 3 2.625 2.25

Pyridoxine (mg)
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(M) o 0.215 0.193 0.172 0.150 0.129
Biotin (mg)
(M) 2] Sl 1.90 171 152 1.33 1.14
Folic acid (mg)
(M) ol 0.017 0.0153 0.0136 0.0119 0.0102
Cobalamin (mg)

(FY-Y2) 39,

(25-42) day
(IUA ot 9500 8550 7600 6650 5700
Vitamin A (1U)
(IL.J) D.3 ooty 4000 3600 3200 2800 2400
Vitamin D3 (1U)
(IU)E el 55 495 44 385 33
Vitamin E (1U)
N 2.2 1.98 176 1.54 1.32
Vitamin K (mg)
(M) o 2.2 1.98 176 154 132
Thiamin (mg)
(M) 02535 5.4 4.86 4.32 378 3.24
Riboflavin (mg)
(M) ol 425 38.25 34 29.75 255
Niacin (mg)
(M) 2l S 14 1256 112 9.8 8.4
Pantothenic acid (mg)
(MG) s 522 2.7 2.43 2.16 1.89 1.62
Pyridoxine (mg)
(n?g)_oe.faf. 0.175 0.157 0.140 0.122 0.105
Biotin (mg)
(M) 25 Sl 1.60 1.44 1.28 1.12 0.96
Folic acid (mg)
(M) ¢yoVlosS 0.011 0.0099 0.0088 0.0077 0.006

Cobalamin (mg)
o il slael Sl bl s (Slaidi 2o y3 Vo o) Jgl slows )3 b pseling lise 6092 0 030l 55 puiS (ylog Slaglis 5 Lgws alloxiS g yd oMo atslojl (slmo oy a8 bl 1
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The amount of vitamins in the first treatment was considered based on the average numbers provided in the diet based on corn and

wheat in the Ross 308 catalog (2019). The amounts of vitamins in treatments 2 to 5 were calculated based on the numbers of
treatment 1.
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1-Ethylenediaminetetraacetic acid
2-Sheep Red Blood Cells

3- Phosphate-buffered Saline

4- Cutaneous Basophil Hypersensitivity
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Table 3- Comparison of the mean of feed intake and body weight gain in broilers chiken fed with diets containing
different levels of vitamin supplements

(082 /p)5) (Brae Shgs (xSke (o252 /p)5) 0355 iy I3l (nSSlee

Loy Lous Feed intake (g/bird) Body weight gain (g/bird)
Treatments Yo=Y sy ¥\ o Y-V 59y AR Ty Y¥-) 5oy Y=Y 59,

1-10 days 1-24 days 1-42 days 1-10 days 1-24 days 1-42 days
(23] o 296.62 1513.62 4217.18 258.02 1014.02 2596.52
Treatmentl (%100)
(72) ¥ o 263.9° 1421 .42 3891.22 239.40 957.42b 2426.82
Treatment 2 (%90)
(FA)Y s 271.5b 1377.1% 3828.3: 240.9b 936.3" 2142.0°
Treatment 3 (%80)
(AY-) ¥ o 268.5° 1318.2b¢ 3329.1° 237.9° 886.5"¢ 1976.3%
Treatment 4 (%70)
(27) 0 o 236.7°¢ 1299.1°¢ 3227.9 216.2° 816.7°¢ 1822 .4¢
Treatment 5 (%60)
Sl sl Sie 5.45 18.73 93.88 3.19 16.75 67.11
SEM!
Po*f“' ;IJ@” bl 0.0001 0.003 0.0001 0.0001 0.0001 0.0001

-value

(P<-1-0) 3l o Jo ime B! gl oS yidio it Bgyn b sl (ygim y 4

Mean within the same row with different letters differ significantly (P<0.05).

1 SEM: Standard Error of Mean
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Table 4- Comparison of average feed conversion ratio, livability and production index in broilers chiken fed with diets
containing different levels of vitamin supplements

Slyss b capd ) Bke 20y Hy pails

Lo Lo Feed conversion ratio Livability, % Production index
Treatments Yo=Y oy ¥\ o, AARATY) Y-V 59, ¥Y-Y 59,

1-10 days 1-24 days 1-42 days 1-42 days 1-42 days
(/\' ') Vol 1.15 1.49 1.63¢ 96.9 369.92
Treatment 1 (%100)
(/ﬁ') Y ke 1.10 1.49 1.60¢ 99.0 357.28
Treatment 2 (%90)
(ZA)Y Slos 113 147 1.792 99.0 283.3°
Treatment 3 (%80)
Treatment 4 (%70)
(75) 0 ylog 1.10 1.50 1.77% 100.0 245.0°
Treatment 5 (%60)
3,5kl gllas 50l 0.01 0.01 0.02 0.44 11.65
SEM!
O gz Jlets] g 0.53 0.95 0.001 0.28 0.0001
P-value

(P<e/+0) 1l o yls ime MBI (gl oS byt By bdlael (g o )

Mean within the same row with different letters differ significantly (P<0.05).

1 SEM: Standard Error of Mean
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(Abudabos et al., 2013; Khajali et al. 2006; Maiorka et
al., 2002)
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Table 6- Comparison of the mean relative length of the small intestine (cm/g of live weight) in broilers fed with different
levels of vitamin supplementation at the age of 42 days

o o pyogd 53 Pkl
Treatments Duodenum Jejunum lleum
(V)Y Sl 1.28 3.37 3.44
Treatment 1 (%100)

(28] Y Jless 1.36 3.58 3.55
Treatment 2 (%90)

(ZA)Y slos 155 4.02 4.05
Treatment 3 (%80)

AQAST™ 1.44 3.88 4.04
Treatment 4 (%70)

(Z7) 0 o 1.58 4.08 4.25
Treatment 5 (%60)

Sl glas 4 SSle 0.038 0.112 0.104
SEM!?

O3 5l e Jloss] s 0.094 0.258 0.092
P-value

(P<e/+0) 1l o s ime MBI (hyls oS ey By bdlael (ygin oy

Mean within the same row with different letters differ significantly (P<0.05).

1 SEM: Standard Error of Mean
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(Abed et al., 2018) 15,5 5,155 1) 635 ads5 Jaxe
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Table 7- Comparison of the average titer of antibody (logz) in response to sheep red blood cell injection in
chickens fed with different levels of vitamin supplementation

olos pb (ol 3l M o395 9ol G gl gl
Treatments Total antibody IgM []€]
(23-) o 3.4 28 1.0
Treatment 1 (%100)

(73] ¥ Jles 3.2 22 1.0
Treatment 2 (%90)

(AA) Y Jlos 38 24 1.0
Treatment 3 (%80)

(2Y°)¥ s 3.4 2.0 14
Treatment 4 (%70)

(2] Jlos 3.2 18 14
Treatment 5 (%60)

sl (slbd (s 0.194 0.069 0.217
SEM!

0 e Jloo! o 0.862 0.133 0.649
P-value

(P<e/0) 1l go yls gime MBI (gl oS by gy bdlacl (ygim oy

Mean within the same row with different letters differ significantly (P<0.05).

1 SEM: Standard Error of Mean
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Table 8- Comparison of the average skin hypersensitivity reaction 24 and 48 hours 48h after phytohemagglutinin-phosphate
injection in broilers fed with different levels of vitamin supplements

ol Gy il om celw YE (MM) cwlbus woles
Thickness difference 24h after injection

Treatments

Gy il om cele YA (MM) cobus wglas
Thickness difference 48h after injection

(o)) o

0.21
Treatment 1 (%100)
(72) Y Jlos 0.33
Treatment 2 (%90) .
(FA) ¥ los 0.37
Treatment 3 (%80) .
(V) ¥ Hlo 0.39
Treatment 4 (%70) .
(754) 0 o 0.26
Treatment 5 (%60)
5kl glas 4SSl 0.0.42
SEM -
oAb b gre Jleas ! prdaws 0.641
P-value

0.73

0.74

0.62

0.72

0.64

0.047

0.901

Orelizg JaSe chlime zolaus b ol 4385 (1555 sladagr 3 Comsl & Jidg i Comd 5 Comgiid by i 10> (:Sle dlie =R Jgoa
Table 9- Comparison of the average percentage of heterophil, lymphocyte and ratio of heterophil to lymphocyte in broilers fed
with different levels of vitamin supplements

)les oy g Copogii) & b i Capms
Treatments Heterophile Lymphocyte Heterophile to lymphocyte ratio
AT R 213 78.7 0.28
Treatment 1 (%100)

()Y Jlos 17.3 84.5 0.21
Treatment 2 (%90)

(AA) Y Jlos 20.1 79.9 0.26
Treatment 3 (%80)

(V) ¥ Hlow 20.1 79.9 0.26
Treatment 4 (%70)

(75+) 0 Hlow 22.8 77.2 0.30
Treatment 5 (%60)

5 kil clbs 4 Sike 1.09 1.13 0.018

SEM

O Iy dme Jlois] aas 0.609 0.351 0.613
P-value
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