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Table 1- Basal diet composition for starter (1-10 d), growth (11-24 d) and finisher (25-42 d) periods

Ingradients (%)

Starter (1-10 days) Grower (11-24 days) Finisher (25-42 days)

Corn grain 47.03 59.66 65.99
Wheat grain 5.58 5.00 5.00
Soybean meal (44% CP) 29.02 16.15 10.28
Corn gluten 10.00 11.48 11.50
Soybean oil 3.50 3.34 3.09
Limestone 1.45 1.23 1.00
Dicalcium phosphate 1.95 1.80 1.83
Common salt 0.20 0.20 0.20
Vitamin and Mineral premix 0.50 0.50 0.50
DL-Methionine 0.52 0.58 0.57
L-Lysine HCI 0.25 0.06 0.04
Calculated composition

AME (kcal/kg) 2950 3000 3050
Crude protein (%) 22 20 19
Lysine (%) 1.30 1.20 1.10
Methionine 0.56 0.54 0.52
Methionine + cysteine (%) 0.92 0.90 0.88
Threonine (%) 0.83 0.77 0.72
Arginine (%) 1.25 1.17 1.08
Tryptophan (%) 0.23 0.21 0.19
Valine (%) 0.90 0.84 0.78
Calcium (%) 1.04 0.95 0.92
Available phosphorus (%) 0.52 0.44 0.42
Sodium (%) 0.16 0.16 0.16

Supplied per kilogram diet: vitamin A (retinyl acetate), 9,000 1U; vitaminD3, 3,000 IU; vitamin E (DL-o-
tocopheryl acetate), 18 mg; vitamin K, 3 mg; thiamin, 1.8 mg; riboflavin, 6 mg; pyridoxine, 3 mg; vitamin Bz,
0.012 mg; niacin, 30 mg; folic acid, 1 mg;biotin, 0.24 mg; pantothenic acid, 10 mg. choline, 500 mg,
manganese, 100 mg; zinc 100 mg; iron, 80 mg; copper, 10 mg; iodine, 1 mg; selenium, 0.2 mg.
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Table 2 - Effect of experimental treatments on growth performance and mortality of broilers under aflatoxin
challenge during different breeding periods

Iltem NC PC TB Pro ECSe FAE200 FAE400 SEM P-Value
Starter (1-10 d)

Feed intake (g/d) 266.0 247.0 256.4 252.0 2434 241.8 253.2 6.42 0.11
Body weight gain (g/d) ~ 181.2 1548 1650 177.8 1652 1596  171.0 7.81  0.32
FCR 1.47 1.61 1.55 1.42 1.49 1.51 1.48 0.05 0.21
Grower (11-24 d)

Feed intake (g/d) 970.8% 928.4% 886.6" 824.0¢ 846.6% 928.0% 738.8° 18.21 <0.01
Body weight gain (g/d)  528.0° 448.4% 496.0°°® 459.6*° 437.0% 517.0% 411.2¢ 1257 <0.01
FCR 1.85° 2.092 1.79° 1.79° 1.93% 1.79° 1.79° 0.06 0.03
Finisher (25-42 d)

Feed intake (g/d) 2768  2429° 27470 2803° 2523°¢ 2842° 3063*  35.18 <0.01
Body weight gain (g/d) ~ 1320° 898.8"  1167¢ 11099 1044  1152%  1240° 1851  <0.01
FCR 2.09¢ 2.702 2.35¢ 2.52° 2.41¢% 2.46 2.47b¢ 0.03 <0.01
Total (1-42 d)

Feed intake (g/d) 4005°  3604°  3890° 3879  3613° 40112 4055* 3432  <0.01
Body weight gain (g/d) ~ 2030°  1502¢ 1828  1746°  1646° 1828  1822° 1371  <0.01
FCR 1.97¢ 2.402 2.12¢ 2.22° 2.19° 2.19° 2.22° 0.01 <0.01
Production index 228.22 89.70 163.8> 118.3° 119.1° 138.7°¢ 136.6° 8.23 <0.01
Mortality (%) 6.66° 40.02 20.0° 36.6% 33.3% 30.0%® 30.0% 4.24 <0.01

& Means within the same row with different superscripts differ significantly (P < 0.05).
INC; basal diet without any feed additive or aflatoxin By; PC: basal diet + 1 mg aflatoxin B1/kg; TB: PC + 1 g toxin
binder/kg; Pro: PC + 1 g/kg probiotic; ECSe: PC + a vitamin-selenium complex preparation; FAE200: PC + 200 mg/kg

FAE, and FAE400: PC + 400 mg/kg FAE.
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Table 3- The effect of experimental treatments on hematological parameters of broiler chickens under
aflatoxin challenge

Treatment® Hb HCT (%) RBC WBC Euo Mon H (%) L (%) H/L
(g/d) (10%ul) (10%ul) (%) (%)

NC 12.80 33.402 2.710? 20.822 4.40 1.8 21.40¢ 72.40° 0.29%
PC 10.40 29.80° 2.190°¢ 15.89¢ 1.404 1.4 45.60° 51.60¢ 0.882
B 13.00 32.602 2.466° 18.03° 3.40Pcd 0.6 24.80° 71.20° 0.34°
Pro 11.20 32.00% 2.058° 16.30¢ 5.60% 1.4 29.40° 63.60° 0.46°
ECSe 13.60 34.40° 2.7628 20.40° 7.602 1.4 17.60° 73.40% (0.24¢%
FAE200 12.60 33.20° 2.404° 18.03° 2.20% 1.0 25.00¢ 71.80° 0.35°
FAE400 12.60 33.60? 2.6902 21.782 4.60° 2.0 16.60° 76.80* 0.21°
SEM 0.72 0.83 0.069 0.564 0.78 0.46 1.10 1.23 0.02

P-Value 0.07 0.04 <0.01 <0.01 <0.01 0.63 <0.01 <0.01 <0.01

&€ Means within the same row with different superscripts differ significantly (P < 0.05).

INC; basal diet without any feed additive or aflatoxin B1; PC: basal diet + 1 mg aflatoxin B1/kg; TB: PC + 1 g toxin
binder/kg; Pro: PC + 1 g/kg probiotic; ECSe: PC + a vitamin-selenium complex preparation; FAE200: PC + 200 mg/kg

FAE, and FAE400: PC + 400 mg/kg FAE.
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Table 4- The effect of experimental treatments on antibody titer against SRBC and relative weight of lymphoid
organs relative to live weight (%) in aflatoxin-challenged broilers

Antibody titer against SRBC(logz)

First response

Second response

Lymphoid organs

Treatment! IgG IgM Total 19G IgM Total Bursa Thymus spleen
NC 14 1.4%® 2.8 4.6% 3.6 8.2 0.21 0.14 0.10
PC 1.2 1.2° 2.4 3.6 3.6 7.2 0.26 0.12 0.16
B 1.6 2.0% 3.6 4.8 3.2 8.0 0.24 0.18 0.16
Pro 1.6 2.2¢ 3.8 5.22 3.0 8.2 0.20 0.13 0.14
ECSe 1.4 1.6%® 31 4.8% 3.2 8.0 0.18 0.08 0.20
FAE200 1.4 1.2° 2.6 2.8¢ 3.4 6.2 0.27 0.11 0.12
FAE400 1.4 2.0 3.4 4.8 3.0 7.8 0.24 0.10 0.14
SEM 0.24 0.27 0.38 0.40 0.42 0.57 0.03 0.02 0.02
P-Value 0.91 0.04 0.10 <0.01 0.9 0.11 0.27 0.15 0.09

&¢ Means within the same row with different superscripts differ significantly (P < 0.05).
INC; basal diet without any feed additive or aflatoxin Bs; PC: basal diet + 1 mg aflatoxin B1/kg; TB: PC + 1 g toxin
binder/kg; Pro: PC + 1 g/kg probiotic; ECSe: PC + a vitamin-selenium complex preparation; FAE200: PC + 200 mg/kg

FAE, and FAE400: PC + 400 mg/kg FAE.

GEolS ois Lo lagl ia ralS 5 LagpaS 35T
a5 e Sdla g5l 5 (Y- VY LK 5 SILT) wsl
Ldasa Sal plews 5 1) S @NT Bae ol 3
slada ga s 0a 50 C poling 3 suliin) aas (a8
sl a5 Sl BT saals Jdas s 8
el ase o and GaaalanSlny Gloy sa W]
E aeling 4 el sad (5,18 S0 s 5 0 5 o0
—5L5 S o Lo siid Jie slad slos clidlase 55k )
aols G Sel maly Ho eluS) sless lys Lo La
JeSo poudse ol 0 ang b (Vo8 OKaa 5 5l)
Sie ol LB g sl cpeliyy blis
ARt EVRENHPRRIRINE RS e T SR g L]
ol gled oo SSsmsn bas Sl e
S $aESL GuS Oly GlEas (s T
Ol ca sas, Sl e Sisad 3ok O
9 e¥smwl) Ssdiee Jhosea Gl by i
3 Sl BT el Sl G da g b (Y0 GllKea
s il Al sl gl LS Gluda
OlSan 5 (saans) 3 gl oo el plrin 5o (S SNST
s € alS LSS AL oniges 5 (Vh)0

NRVIRNCIV X SUSEIVIF. v |1 I TP ST | IS PG SN
L cnabaa G5Ol el 5 gaa Sba sl
Hs2) s OorslinnsSly Gass S3e (HaS L 5 cisie
S SO sl b ay oo Sl 4 (YHVE GlKaa
280 o3 1) (doles Gl frnly 815300 o S ST
oS ST ) 6 5YL polie < Jla Lo aas I8
(oo 09 p 0SS s pSke S ) iy slaclile)
DI o 580G Jrsea Gl 5 GusKssal Wl
6500 gl o Gaiman (YoV0 o),Kaa 5 (saans)
Olose EalS (ol wle 1) Gusgs e5lwsl (alS (lE8as
INSET 5 JulSon slagslan wle ol nl g
Sl aa s b (YO e 5 (Ko Sl) wiagad 2 e
O 3008 Ul e ol BT 35 ssla dalllas o
of ale e ol 5 p0 28,8 513 CaeeS ST 580 s
Oled 59 o nls Gusss 03 GRS I8 5SE cas
ala walllos sbaly Lol S ENT s
Shioa @ o 0ila plsie 4 seae s)ls0 Gus58
ol sud Sasl ateiris 9 g o (33 S slada
solii) 3ua 4S wa e L (YT o),Kaa 5 SILT)

Looad @S5 wom 5o gdient oila olge )



oY oS M L il bl 53 (255 (gladngr b o3 (555ls8)90 5 (sieul Gl Ly sagesly 1 nsn olS ojlas @l

slada s om0 JA (5ludaSe 5 ad o S Gas
e ol (RalS Ca (S MY L oasl (s
i b alias o b sa 5, 555058550 o3 S 3T
2 pSusSie 00 ) Gan ST 530 pue oliiae unls
Jsb 5 o0 Gae 5 Gdusl ol ajlae 5 (2 SIS
5 OLsS) Susad GBS, (5 Gapoab 28355 S
Sose CreS ST o plite clale Ylaal (YA ol,Kan
cua (paoal 5 AE S slada s e Ho sl
il sad sugy 358 b9 Folite @B bl
0 (oS Jolad Lda 4 4l s s 50le LSS g5
e i Sl riaas WS e K Ll 6K
€ s olis oldlas ol sa oldl o @]
oia (RAlS Gl an ws ol 3 3a5b 5l LSS 505
8050 0 0T el (RIS culgs 5o 00 55 59 e ST
Jae Ol 4o S (Y4 GLlKaa 5 Tul) W sl oo 805,
5 g5y ) soliiead ol & 5oy Jsb Gil3a Yiatal

e
G233 55 o slme Lo g5 5 Jshe sl ale3T o
6l ead (I8 ALl cunlh G s b il
Saal (Sae yol Gl (VAT GlolSea 5 Gasn) 5o 52 oLS
ok GBalS 5 g5 Cuan (RS 5o susn a3 Julas
29 g0l a5 Ylaial &€ Wil sy Lo cpeS ST
ladsy culio wiy T Jiws 5 s3S 5585k sa g,
s Ol 38l Jae Gl 4o 4S canl €38 S o) guo 809,
Cred S5 (s g 095 895 b sk aaa ol ge Gl
i Gl € spdipe Sl sdhe slse Dla ¢l
oS ST Gally b blie slhs 330 Jole S sasa
IRV JUNVPHENPSV ERENP - FVCEQV S T
(VAT OhlSan 5 (a1 S) sl sars; SLS) 559 oLS
Spald ol 1) s, @il Sakebilas S ol 5
SolSear 5 15 (Sle @Sy ks s cd 5a oS
S soSsla Gk 5l Jili oL o« wials gl (Y-VY)
OluaSI BT caisl (a5 wal G salas)
O ST s 51 ol eilanns) Gl 5 sl

S Ulad 56 G e s Laas 3
o8 s 3L Sl il 4 (OSHR) cu il
—oe 4 LagT pad Jouss 5 B ladle sl s
plad) o5 po Lo 5 55 sl (1530 cules 5u 5 Ladw
) ks s af Gl e (YWY LK 5 L
ol el glaass o s lee bus
il o 5 S3e Jolse @ by se S G331

—asa 2555 s5slsinse o eibed] slaslas 53l
e oS ST oaa] € sim s 2B sla
5SS Bae 4 Doy Jsb o (RIS Gy sk (halS
“an (P<i/r0) wd w835 Sx oda e JlaS
s g oila Slad gl o panleyl slaslas
e aald Hlas b dewlie Hu 26355 500 Jsb Gl sl
SSsmsn sl slasles Gges (P<-/-0) WS
sobae Wb o 5 poil-Guoliny bslae Joso
Job cand GRI5 ca se e ald Hlas wlie 5isn
b ol aald Hled b denlie o o S Gae 4 5
Lslae Jae ssla glajlas (piges (P<:/-0)
S ST e SIS s sp aslime 5 a sl (el
(P<-/-0) ol 2825 15 2 5335 50 oo pla
Sa S suy oda cudsh wdl sl a5 Jsb o 52
St osee Sl aailas o S5l (gla) oyl il
e s s Shisiae cusb, GRS (peana olse
G YV OLKaa 5 5 sotl) W pe SIsa Jsas
slan 45 55 Jsb il 38l sa Ol (IS euels S o)l sie
sladsh 5o S Sl oa gs daels o S SIS Gac
O il Ol plnly wedi e sas, blae oY
o 5o S whpe GalS su, el Huua 4 Lad sl
Ol a8 o (Jslew Sl 5 @A s 5o (528 o
0% 5 839 pualigl LIS (553 LRAlS o se sl
OSaa 5 5 50tals) 8 s co SIHsa 805l 8 sags 42
595 S pala (bl aam b 38l (Y0Y-
o S ST iy «S wals GLlas (Y- YY) o), Kaa

© oo Jsb cud (LAl e 5 5 gl Sals



W) Jlos /Y 0)las YY sl [ ols pole cla iy} 4 i v g yoyplo 0)g  BA

od 839, JLB ol slad slew 51 aaams o oK o oS sla

Table 6- The effect of experimental treatments on the jejunal morphology of aflatoxin-challenged broiler at 42

days

Treatment! Villus height Villus width Crypt depth VH/VD? Villus surface area

(Lm) (Lm) (pm) (mm?)
NC 11402 173.8 268.6 4312 0.612
PC 832.6¢ 153.6 3344 2.57¢ 0.39°¢
B 916.6% 152.2 310.6 3.03 0.43%¢
Pro 964.0° 160.6 280.0 3.592b¢ 0.48%
ECSe 989.4%¢ 167.0 281.6 3.592b¢ 0.51%
FAE200 988.9% 163.6 296.2 3.37bcd 0.50%
FAE400 1096% 174.0 273.2 4.04% 0.612
SEM 38.19 11.15 20.92 0.28 0.03
P-Value <0.01 0.71 0.31 <0.01 <0.01

&f Means within the same row with different superscripts differ significantly (P < 0.05).

INC; basal diet without any feed additive or aflatoxin Bs; PC: basal diet + 1 mg aflatoxin B1/kg; TB: PC + 1 g toxin
binder/kg; Pro: PC + 1 g/kg probiotic; ECSe: PC + a vitamin-selenium complex preparation; FAE200: PC + 200 mg/kg
FAE, and FAE400: PC + 400 mg/kg FAE.

VH/CD = Villus height/crypt depth
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Effects of Ferulago angulate extract on growth response, immune response and
small intestine morphology of broiler chickens exposed to aflatoxin challenge
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Introduction: In most parts of the world, poultry are exposed to mycotoxins-containing foods.
Aflatoxins are the most common mycotoxins formed primarily by the fungus Aspergillus. Fungi that
produce aflatoxin can grow and multiply on different materials and under different conditions of
humidity, temperature and pH (Mohammadi et al. 2015). A variety of additives, including organic
acids, plant essential oils and extracts, probiotics, enzymes, vitamins, and minerals, have been tested
to alleviate the negative effects of aflatoxins. Medicinal plant extracts contain active substances with
antifungal and antioxidant properties that are able to reduce the toxicity of aflatoxins in food
(Abdulmajeed 2011). Ferulago angulate is one of the Apiaceae (Umbelliferae) families native to
western Iran (Hosseini et al., 2012) that has been shown to have antioxidant properties and to improve
the humoral immune system (Govabhi et al. 2013). The aim of this experiment was to investigate the
comparative effects of hydroalcoholic extract of Ferulago angulate (FAE), antifungal sorbate,
probiotic, and vitamin-selenium complex (containing vitamin C, vitamin E, and selenium) on growth
performance, immune response and intestinal morphology in broilers chickens challenged with
aflatoxins.

Material and methods: A total of 350 one-day-old broilers (Ross 308) were distributed to 7
treatments with 5 replications/treatment in a completely randomized design. The experimental groups
were: 1) negative control (NC; basal diet without any feed additive or aflatoxin B1); 2) positive control
(PC; basal diet + 0.5 mg aflatoxin B1/kg diet); 3) PC + 1 g toxin binder/kg (TB); 4) PC + 1 g/kg
probiotic PrimaLac (Pro); 5) PC + a vitamin-selenium complex preparation (ECSe; 200 IU vitamin
E/kg feed + 250 mg vitamin C/kg feed + 0.2 mg selenium/kg feed); 6) PC + 200 mg/kg FAE
(FAE200), and 7) PC + 400 mg/kg FAE (FAE400). Body weight gain and feed intake were recorded
during starter (d 1 to 10), grower (d 11 to 24), finisher periods (d 25 to 42) and entire experimental
period (d 1 to 42), then the FCR was calculated.

At the end of the experiment (42 d), 2 birds of each replicate were randomly selected and then
slaughtered. Spleen, bursa of Fabricius and thymus weights were measured and relative weight to
total BW of broiler chickens were determined. At 42 d of age, blood samples were collected from
two birds in each replicate into vials containing EDTA to avoid blood clot formation. The values of
hemoglobin (Hb) and hematocrit (Hct), red blood cell (RBC), white blood cell (WBC), as well as
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blood leucocyte profiles were measured. In order to assay the primary and secondary antibody
responses against sheep red blood cell (SRBC), at 28 and 35 d of age, two birds per replicate were
immunized intramuscularly with 1 mL of 2.5 % SRBC in PBS. Blood samples (1.5 mL/bird) were
obtained from brachial vein at 7 d after each injection (d 35 and 42). For histopathological
examination, the jejunal tissues of slaughtered broiler chickens (1 per replicate) were fixed in 10% of
neutral buffered formalin, routinely embedded in paraffin, cut into 6-pum thick sections, and processed
for hematoxylin and eosin staining.

Results and discussion: The results showed that aflatoxin challenge adversely affected growth
parameters; while antifungal and FAE200 treatments during the growing period and all additive-
containing treatments during the finisher and whole experimental periods reduced the negative effect
of aflatoxin on growth performance (P<0.05). The heterophil count and the heterophil to lymphocytes
ratio were lower in all dietary treatments than the PC group (P<0.05). All treatments, except probiotic,
increased the values of red blood cells, white blood cells, and hematocrit as compared with PC group
(P<0.05). The antifungal, probiotic and FAE400 treatments also increased the secondary 1gG titer
against sheep red blood cells in the aflatoxin-challenged birds (P<0.05). Furthermore, vitamin-
selenium and FAE-containing treatments alliviated the negative effect of aflatoxin on villus surface
area (P<0.05). According to a previous study (Hussein 2015), the weight loss during aflatoxin
challenge is attributed to the toxic effects of mycotoxins on different cell organs, resulting in chickens
refusing to consume toxins in their diets. It has been documented that additives like selenium can
remove fungi such as Aspergillus in poultry feed (Hatfield et al. 2012), which can explain the
reduction of negative effects of aflatoxin on performance by vitamin-selenium mixture treatment in
the present study. It is also reported that lipid peroxidation and the production of free radicals can
cause damage to cell membranes during aflatoxicosis (Manafi and Khosravinia 2013). Therefore, due
to their antioxidant properties, vitamin C, vitamin E, and medicinal plants can prevent the production
of free radicals in biological systems and thereby improve performance and health status under
aflatoxin-induced conditions. The phenolic compounds, especially polyphenolic compounds in the
FAE have been reported to scavenge free radicals and thus can be used as a natural antioxidant in
food and pharmaceutical industry (Hosseini et al. 2012). As a result, consuming FAE might reduce
the impact of aflatoxin on growth performance, immune response and gut morphology, which is likely
due to the antioxidant properties of this medicinal plant and its ability to scavenge free radicals caused
by aflatoxin consumption.

Conclusion: In general, according to the findings of this study, Ferulago angulate extract,
particularly at a dose of 400 mg/kg of diet, can improve growth performance, immune response, and
health status during aflatoxin exposure, which appeared to be comparable to those recorded in the
prebiotic and vitamin-selenium treatments. However, the growth benefits by Ferulago angulate
extract were not as significant as those recorded in the chickens fed with the NC and antifungal diets.

Keywords: Aflatoxin, Ferulago angulata extract, Humoral immunity, Gut morphology, Growth
performance, Broiler chickens



