—

o

> <

\
AR
'Y

'Y

V¢
Vo
Y1
ARY%
YA
14
A\lD
AR
Yy
Yy
AR3
Yo
A\l
YV

YA
AR
Yo
AR
Y
Yy
A
Yo
1
A%
YA
Y4
130
€
¢y

Effect of camelina meal and enzyme supplement levels in finishing diets on performance,
jejunum histomorphometry, bone characteristics, immune response, and blood metabolites
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Introduction: In the poultry industry, feed possess the largest share of production costs, with
soybean meal utilizing as the primary protein source. Given that a significant portion of this
feedstuff is imported and subject to price fluctuations, identifying native alternatives is essential.
Camelina (Camelina sativa), due to its low water requirements, high resistance, and adaptability
to low-fertility soils, is considered as a suitable candidate for native protein meal production.
Camelina meal (CM) is rich in protein, essential fatty acids, and balanced amino acids, making it
a potential substitute for soybean meal. However, the presence of anti-nutritional compounds such
as high fiber and non-starch polysaccharides (NSPs) limits its inclusion in poultry diets. These
compounds increase gastrointestinal countian viscosity and reduce nutrient digestion and
absorption ability. The addition of exogenous enzymes such as xylanase, B-glucanase, pectinase,
and protease can mitigate the adverse effects of NSPs and enhance growth performance and poultry
health. Accordingly, the current study was designed to evaluate the feasibility of using CM as an
alternative protein source with and without multi-enzyme (xylanase, beta-glucanase, cellulase,
pectinase, protease, mannanase) supplementation in the finisher diet of broiler chickens.

Materials and Methods: A total of 500, 26-day broiler chickens mixed sex were allocated in a
completely randomized design (CRD) with a 5x2 factorial arrangement, ten experimental
treatments combining five levels of CM (0, 6, 12, 18, and 24%) and two levels of multi-enzyme
supplementation (0 and 50 mg/kg). The CM used in this study, obtained from the Agricultural and
Natural Resources Research and Education Center of Fars Province, contained 95.12% dry matter,
4671 kcal/kg gross energy, 37% crude protein, 6.3% ether extract, 11% crude fiber, and 7.01% ash
dray mater basis. Birds were fed experimental diets based on corn-soybean meal, formulated using
UFFDA software, from 26 to 46 days of age. During this period, various parameters were precisely
evaluated, including growth performance indices (live body weight, weight gain, feed intake, and
feed conversion ratio), quantitative carcass traits, small intestinal histomorphology indices (villus
height and width, crypt depth, and muscular thickness), bone quality indices (ash percentage,
calcium and phosphorus content, and bone characteristic), humoral immune responses measured
by antibody titers against sheep red blood cells (SRBC), and serum metabolite levels (lipid profile,
liver functional enzymes, and thyroid hormones). All collected data were statistically analyzed
using SAS software with General Linear Model (GLM) procedure.
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Results and Discussion: The results showed that with increasing the level of CM in the diet,
abdominal fat decreased (P<0.05), which could be due to the high content of polyunsaturated fatty
acids (PUFA) in Camelina oil and its role in inhibiting lipid synthesis. Also, increasing the level
of CM in the diet increased the relative weight of the small intestine (P<0.05). This could be due
to changes in physicochemical conditions and increased mechanical activities of the intestine in
the presence of non-starch polysaccharides. On the other hand, bone quality indices showed a
significant decrease in ash and calcium content of the femur with increasing the level of CM
(P<0.05), which indicates that the phytic acid in this meal can cause impaired mineral absorption.
Also, the pH of the small intestinal contents and the strength of the tibia changed as a quadratic
equation (P<0.05); decreasing the pH of the intestinal contents increases mineral absorption and
improves bone strength. The immune response against sheep red blood cell injection also
decreased with increasing CM in the diet (P<0.05). The reduced immune response in birds may be
attributed to its anti-nutritional components such as glucosinolates and tannins. Multi-enzyme
supplementation improved feed conversion ratio (P<0.05), which may be due to the degradation
of non-starch polysaccharides, reduced viscosity of digesta, and increased nutrient digestion and
absorption. Multi-enzyme supplementation also increased triglyceride levels and reduced liver
enzyme ALT and thyroid hormone T3 (P<0.05), indicating improved energy status and reduced
metabolic stress on the liver. Other studied parameters were not affected by the main effects of
CM level, multi-enzyme addition, and interactions between them.

Conclusion: The current study results showed that replacing CM in the finisher diet of broiler
chickens (Arian strain) up to 24%; 1) had no adverse effect on growth performance, 2) significantly
reduced abdominal fat, 3) adding a multi enzyme (xylanase, beta-glucanase, cellulase, pectinase,
protease, mannanase) improved feed conversion ratio, 4) however, by increasing CM levels in the
finisher diet due to the presence of anti-nutritional compounds, negative effects were observed in
bone quality and immune response against SRBC, therefore, the use of CM in the broiler chickens
diet requires management of its side effects on bird health.

Keywords: Boiler, Camelina meal, Enzyme, Performance
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Table 1. Ingredients and composition of the experimental diets'
L;f}B) YE-YZ 0y ufb) YV=¥5 o,
oy i 26-36 days of age diet 37-46 days of age diet
Ingredients (%) 03> 30 LulolS” dlbus” pdaws /Camelina meal level in diet (%)
0 6 12 18 24 0 6 12 18 24
< 64.90 63.04 61.17 59.31 57.44 68.37 66.50 64.64 62.77 60.90
Corn
by b 29.60 25.01 20.43 15.84 11.25 26.65 22.06 17.47 12.88 8.29
Soybean meal
bebols” il 0.00 6.00 12.00 18.00 24.00 0.00 6.00 12.00 18.00 24.00
Camelina meal
by 029 1.66 2.09 2.53 2.96 3.39 1.10 1.53 1.97 2.40 2.83
Soybean oil
i =
X5 i =J 0.18 0.23 0.28 0.32 0.37 0.19 0.24 0.29 0.34 0.39
L- lysine HCL
osie —Jl= 0.24 0.23 0.21 0.20 0.18 0.23 0.22 0.20 0.19 0.17
DL- methionine
gy =l 0.09 0.10 0.11 0.12 0.13 0.10 0.11 0.12 0.12 0.13
L- threonine
o s =2 152 152 1.51 151 150 1.55 154 154 153 1.52
Dicalcium phosphate
elS LS 0.96 0.94 0.92 0.90 0.88 0.96 0.94 0.92 0.90 0.88
Calcium carbonate
¥ elng JoSo 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
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e JoSe 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix?

;L"l" S 0.34 0.35 0.35 0.36 0.36 0.34 0.35 0.35 0.36 0.36

alt

bwbre oS 5 (Calculated nutrient composition)

S g cége JB 551 3025 3025 3025 3025 3025 3025 3025 3025 3025 3025
AMERn energy (kcal/kg)

P Oeion 18.00 18.00 18.00 18.00 18.00 17.00 17.00 17.00 17.00 17.00
Crude protein (%)

P 3.08 3.45 3.83 420 4.57 2.99 3.36 3.74 411 448
Crude fiber (%)

oS 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Calcium (%)

L S 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39
Available phosphorus (%)

Ll 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Sodium (%)

i BB o 0.98 0.98 0.98 0.98 0.98 0.93 0.93 0.93 0.93 0.93
Digestible Lys (%)

s 4*‘9 Ose 0.50 0.49 0.49 0.48 0.47 0.48 0.47 0.47 0.46 0.45
Digestible Met (%)

i BB s+ (iseie 0.75 0.75 0.75 0.75 0.75 0.72 0.72 0.72 0.72 0.72
Digestible Met + Cys (%)

i BB gy 0.66 0.66 0.66 0.66 0.66 0.63 0.63 0.63 0.63 0.63
Digestible Thr (%)
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"Each one of diets was divided into two equal portion and enzyme cocktail was added to one part and wheat bran to another part at rate of 50 g/Ton.

2Vitamin permix Supplied the following, per kilogram of diet: vitamin A, 5000000 IU; vitamin D3, 2000000 IU; vitamin E, 32000 mg; vitamin Kz, 1280 mg; vitamin
Bi2, 8 mg; thiamine, 1274 mg; riboflavin, 3440 mg; niacin, 25000 mg; panthotenic acid, 7416 mg; pyridoxine, 1944 mg; folic acid, 880 mg; biotin, 100 mg; Anti-
Oxidant, 1000 mg.

*Mineral permix Supplied the following per kilogram of diet: Mn, 48000 mg; Fe, 8092 mg; Zn, 44030 mg; Cu, 6448 mg; I, 500 mg; Se, 120 mg.
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R . . . . 11 1 .
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(Cheema et al., 2003) .15 o1lgs 45 aiiglST |, SRBC daoys 8 ygruailogin
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2 slodg) )3 g ag b ged Jb Syalew 5l g ad Sl exiyy S aalejl dnly o 5l b9 0093 ¥ 59, 0
e g b U»M a0 ¥ gled > addd Ve o & o9 dl.md\}y»’ (O &5 ch¢3| 5l U d)}ié*'? 4oyl
S =V slod )3 gy 3590 3)l9e (b5l Glej B e sladiged 98 gl el oy B 5 Soud pilo VA o g
L yelS 6 5 5o (Zarghi et al., 2022) x5uis p,5 561 lod U g 215550 @)l H38 5l diged ¢ ialosl 5l b s
(S13013(TP) 5 5555 {LDL) sl J5 b 55529 {HDL) Yl JIS3 b 555150 {Chol) Jp 215 (TG)
5 (ALP) 5blans sd ST 5 (ALT) il sginel oY1 (AST) 5lpidl goial iyl ol 505 clles ol
Roche, ,Cobas Bio) 5JUll ol b (ys5 oy (T4) oS 955 5 (T3) oigpighacs s Jols 259,88 slogiseyon
A5 6 yS oIl lpl = eil )b €S s slacuS 4 (Basel, Switzerland
§)122 diged g HluiS
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039 9 38 (63505l (oSS dbgome (02 g Waodg, (iSOl cdtew oy dlos jladY il (sl (459 (IS Cungy
Sliglojl plsl gl 1 (655 0310l potll 5 pgiss Slgie PH (pizmed ab dslons 0135 (59 (gl & o] oo
Lnd (Siel52508 pyw b g b io Sl S (goill &y (laxkad oad HliS By 039) poTT Casnd I ulibey,
AP doyn Ve dloyd ol b sladiged (558 leinle s oomed g edl co o )l (8ol (gl 0l
03 (oyp ln (B8R G b S 5 oy ol Gezmen A8 (anes (lled el VY Iy g i385
b (eSS gmmdis 22,3 =V (glod > linlofl Gloj b g b lgeial oS o (sl

alo ol 5 Waiges (313 )15 L 5 (ilocblass (bl 3 (el Sl L (Bl (sladiges ¢ puliedl, oltulojl )
oS ) olizal by 1 dig 5l elaSsl 8ll 5 laSy el 5l oslitl b e 1 plog] (gjloplsl
D99y 4 0L cladiges (el S5y LA And yieg,Sue V=5 Culs b sla ysy (Leica RM 2145) pgig S
5l eslazwl b odg)y (sladu Ml awlibcsy ) slas pwSojlul .uib plodl (Hematoxylin and Eosin) (56l — oyl gilon
Model U-TV0.5 XC- 2, Olympus Corporation, BX41, Olympus, ) s & e (539 oSwy Suo
Zarghi ) ui plool 1Ml o jl e Gl jp & (59, » Image-Pro Plus V4.5 (¢)l38le 5 4w ¢ (Tokyo, Japan
02s (V) dcw S Juasl Jowo b 5y Sojl alold) 5 glasyl (V) 5l wog @)le wlibesy, las (et al., 2022
Gl (F) g (ble 205 U 5 bl dbold) S Bos () (10 Jsb pow 93 9 pow o 32 jp 0258 (Sle) 50
:(Ebrahimi et al., 2017) s awolee pj Jgo,8 sudo by adow Colus . slaouale
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VSA (um?) = %VW X VH X 2m
Sl YN bl 0 g Wy els,] VH sy (oye VW tlajp pdaw colue VSA ] 5 o
OlgPdw] Cudss
0.001 g, Model GF 400, A&D Weighing Co. ) Jtuzud (555l jl edlatnl b 59 Sy sladiged 5o
0.05 mm, Model 1116-150, Insize Co. Ltd., ) Jizud SulsS il oslazwl b Jlad 4 Jsbo 4 (Ltd., CA, USA
b ogasin (g Assbmo (sl e O )3 (05 j9ebg plSin (ol o 35 45 (58 ol (Suzhou, China
:(Hempe et al., 1988) i yuxs i Joo,8 5l odlatwl b o pwdueuds)l b9,
BW,
(BW, — BW,)
ol Ol 5> gzl 59 BWW g lga )3 olgsciwl 150 BWa ¢ ogase 59 SG )] j o
Khorshidi ) _wyte cos 5 olSiisls sl8iulos] 53 oad o1y oK jl edlaiul b ey o lgseiwl plSovinl piomen

SG (g/cm®) =

W (S by gzl (6l e Cunslls 4wy (gl 3L 3590 (N) (95w Cyguo 4 ol ¢ oy (et al., 2021
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ar > Fre clod boyS pd el V8 Sdo 4y Ly g B05 Olaol Same dlge (clgime g lgstial S s ¢l
@ Laiges (i e 8) Lade S50 dl & (p)57 5)) 00 (g gzl S (339381 5l g i385 )15 g
ko Vo bodd an Joloo qpan I gy SAd man Gl ile (3 ogsd 420 A (slod )3 adB Ve G
L 5 s Jie (sl en 00 B Sy & b ol s il TSI e 5 05 a5 VL gl L ajies o
5 oolitul b yhud g wundS” ioww J(Kolakshyapati et al., 2019) us s o poes YU Logls b ojsged o
5 plsl (ICP-OES; Agilent Australia, Victoria, Australia) oWl sadcas (slawdl giwcads
Lodld (5, U

Jae 519, 5 (SASAE) o lel 1381 3l oolizal b g oS8 2ol T b (ool WlS )b B 3 olejl s
ol s > (55 9y Uil uglia (SAS, 2014) 25,5 5 (5] (g5 3y90 GLM b joguc
Je 1 plol Slanlie lS” ol diplels” dliS gl il pgd 4203 5 (ad (y50)S) LT ipan g (P< +/-0)
il o 03 Ui 5 Jgey8 50 s)lel b

Yijg=ptaitfj+(aB)y+eiji
3> 0wl balowe 3l Bj fo s LdelS dlousS Folaw yil 0 faxols 1 Sleo W fous saaliie Hlade Yijk ol jo &8

ol Sialojl las 5l gik ¢ Jblize <l 3l (aB) s

iy 3 yShos
slrdrg> Slygd bad cops 9 Shygd Bran Glie (o 0jg (il Bl wdij e Jold Aby 5)Sles sla e Ll
g 0p> 4 ool bolste 13938] dlislols” AlouS” pdaws 1 Jgdo cpl ol Lolel p sl b (3,55 Y Jgias p3 2bgS
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Sl gine (S VEXF g 093 50 Slyss e g 39 (talBl  S3g) ¥F oo 3 0355 (39 0 a6l e ilize i
3 LdolS oS’ s 51 L(P<+/+0) bl 39000 )15 ime yob 0 Slygs b Copd 0y 4 ou 3l bglee 34581 L
A5 oine 5195 o5 s g e & o5 bsle (9938 b ol oS s e i 51 9 o
Vo g U (2355 slaersn o 5o LlelS AlbeS ) lsie o Conl 003 ()5S 0l ol gl b gillas
(Anca et al., 2019; Aziza et al., 2010; Aziza et al., 2014; Orczewska-Dudek & Pietras, 2019) s
sl iyl55 L e 08 eolaiwl By codlw 93 Sdas p aio Yl 59, 9 (Oryschak et al., 2020) 1o )s YY 4
Pekel ) (559, VYY) 255 9 0256 0w 53 20)3 VO s b LilolS” oS’ pedans o381 b cpsls yimgs ol g (598
(Valkonen et al., 2008) 5,55 0,95 JS o> 1> duop> YO 4 (et al., 2009; Thacker & Widyaratne, 2012
g0 3l il Wilg o b yimgdy 5l ol guls (0 M) -yl .bad Collasl iy 5, Sles (sl a3 ld deS (slads o>
5 2lop g ol blpd i lg 23U Cou Ldals ol sl Llols” dloniS” (gdin dlga (gus piawd g (sl s 05 dlgo (ljne >
.(Budin et al., 1995) coul LY e 565915 o (pU ¢ pmlom (slaiwlis ue lady ) Blo b goite polie gyl ly;
295 gl ) B! cely wlgi o Slojl o (B e g S Sl B B > gyl gy cnl oDl
)UL ot b g 3logme (LS w3l cdled 1) Lol it o (2l 4 Y 9 565'9lS 45 31 (Cherian, 2012)
UialS el a8 390 0 2ol bl I (b b yis g dacblugs dacblugdgnl) (sow SluS 5 w39y Holdg,Sun cullad
Schuster ) 355 0 STy s plodily 5 1) dozl JtlS «(50.5 slonl (T4 5 T3) 4355 sloygoy9 i
LU oy 3 0o VY 4 yaw 1 LdelS dllouS” plaw (duo > &) glaly (il 38l b pols yimgs ,> (& Friedt, 1998
N> Gre )bl Sl I ulis a2 ST el ials (5o, ) oy asaB o glil ) )5 IR 4 p)5VFO 5l STygs 8 pan

oW ol Lime zuls (Matthdus & Zubr, 2000; Woyengo et al., 2016) 3445 0 STyo5 B pas yliu0 LialS
5 cdilhe pdize plo (5)l55 L s ol Dedie Slgd bas coys demp el ool balso 99331 sl
ol bolseo Loy (o5l JoKo b STygs o oloily 390 .(Juodka et al., 2022; Woyengo et al., 2016)
b oS sl slawlis pe slany,Blo b 400 Gk 5l i)leS olSiwd clgiore dbjsSuy idlS” o & Slgs o

(Slominski, 2011) 35 oo Ay 3 ,Shas 3900 9o (5)l65 olKod Codlw 5 (gi%0 dlgo il g et dguty

555 sz a3y 3,8las  ((S59) Y5-FF) Lk o ) (ol bslovo g Libels” dbiS’ s 1Y Jgu
Table 2. The effect of finisher diet (26-46d) Camelina meal (CM) and multi enzyme (ME) level on growth performance of broiler chickens

v ») o W ») 039 s G5l b e A5y
Lobels’ oS o e il gl a9 S o Sy She
CM level, % ME level, mg/Kg lee.body Live body Weight gain Feed intake Feed conversion
weight weight ratio
g/b g/b/d g/b/d FI/WG
0 0 684 2167 70.62 150 2.13
6 685 2167 70.58 145 2.06
12 681 2063 65.79 137 2.09
18 659 2071 67.23 136 2.03
24 677 2110 68.24 142 2.08
0 50 651 2106 69.30 140 2.02
6 660 2188 72.75 147 2.01
12 665 2057 66.29 138 2.09
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18 672 2134 69.60 142 2.04

24 680 2110 68.09 137 2.01
SEM 15.39 43.37 1.91 3.64 0.03
Lolols” dllouS” s (CM level)

0 667 2137 69.96 145 2.08
6 672 2178 71.67 146 2.04
12 673 2060 66.04 138 2.09
18 666 2102 68.42 139 2.03
24 679 2110 68.16 139 2.05
SEM 10.88 30.66 1.35 2.57 0.02
w)‘ﬂ byl plaw (ME level)

0 677 2116 68.49 142 2.08°
50 665 2119 69.21 141 2.03°
SEM 6.88 19.39 0.85 1.63 0.01
&b Gz Jlois! maw (P-Value)

kbl (CM) 0.928 0.112 0.063 0.090 0.310
M}j (ME) 0.226 0.909 0.558 0.550 0.046
oYL (CM x ME) 0.528 0.704 0.852 0.242 0.378
LylolS” oS’ prdaws 4 gl 9,5, 3JUT (Regression analysis in responses to Camelina level)

Linear 0.649 0.196 0.231 0.155 0411
Quartic 0.844 0.421 0.429 0.402 0.924

(P</+0) Cunl osds [ Yy gxe 1 pm gl et o 50 aliel gy b oy ke coglis™®
1SSk 3,05kl glas :SEM
*®Means within each column for each effect with uncommon superscripts differ significantly (P<0.05).
SEM: Standard Error of Means

ad¥ Olwogas

o> (slaplil g (o) 5 dinw) 48Y (lil @BV (055 (jg p5 Vev il & p)5) (o g 4 bgye (slaodls
ot bfso 2338 3 S oS s Lol 1 ol 008 IS T pi 13 (5355 ¥F 3 2 iorio) (o5
03 Lol oS e (l381 L 295yl sina ) 9 s g b o (3 2 dl o Wlie 519 LG ojr 4
(Pee o) €8l ialS (oS (2 g (P<e/0) (ljEl Sorg8 039 (oo (1] (2> K59y L 0>

Ordy Ol b (SbL o > Lals” dbutS o (laljdl 4 Foly 3 (55 sladega (oSS 0y Rl
Orczewska-Dudek ) 1o, V+ g (Ancaetal., 2019) s A 139381 b el o 15155 a5 (550 4 3 )b cisllas
G Gygo by (oS oy bsS ladngs (Si9) YV-FY) SLL oy 4 LLlS dbus (& Pietras, 2019
slodzgx (5595 17Y0) 0y 1> Y5 dlloiS 20330 9 Ve B ¥ gghaw jl a5 S5 iaghs ) Gizmes (Bl ials
e 4y S5 b i) b oS L o 55 VS S o G251 Lol (i gl 3 0 eslinal S
Llols dbws o glawolis je sl ) Slo b (oYL xbw (An et al, 2016) cél jials (P=-/-V) )b
& oS sy Km0 00y Oligioe Al jeSuny yili8l el (Slominski, 2011; Woyengo et al., 2016)
5 1) oo (Sal 55585 5 ol Culis Gl wdg, bl S8 (b8 Cumer Gl (s jlse
P (SIS g g SIS S0 Jo 496 (g9lio slackas & lagl has 5 Gglio slackas 5l op)p b cpnls
IS 5l 2o yd 00 dgas &Sl 4 an g5 b 505 (gow I (Zarghi et al., 2016) 545 0 b o y> Clo g pan EalS ass
Singh et al., ) x> o JSis (PUFAS) alfis slailpe oy claawl 1) LllS 424, 5 395350 j (slaiwl
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Orczewska-Dudek ) sias iol33l 1) 55905 slai] b g 03,8 Jloe 1) 4S8 ) b st 1508 luS 5 ol (2023
bl pl s ly o 50 Ldols allouS” (YL ol )0 0dd sdalin (oS0 o bl olg o 1 (& Pietras, 2019
N Haw il a8 cuol oads 03> lis pols Jimed puls o 368 sl i)l55 L blas )0 da ST .0b cuws (S el
oS gy 2o (o) bz w3l (F50y VFY w090 0 beS (sladsgn 0y & LdolS S sao > Ve 50
pols imgh 50 LolelS” AbousS daw yiul8l & sl > 558 0dg) (s 39 i3l (Aziza et al., 2010) cuils
bl 5 b o8 2l Gl oS 5o (Jglonel 5 Jsbro) el (slo Lol olize o052 Yl & Sl
.(Zarghi et al., 2016) D95 g0 039 L;.u&o sedlss w‘p\ 90 039, @Wﬂp
839, il gime pH

sl 038 (BT Jodx 53 (S59) V7 o 3 o (psihl 5 p9335) SaroS 039) Sligine PH & bgje (slaodly
9 P$I5) Se s 039y Chgime PH Clyuss (oS (slaazgr (bl oy 53 Lols” albwtS” s (o33l @ Gl )
0y3) Mo yd yao jlogpn 43 LulelS AbousS mdaw iol58l L aS™ (gysbo 4 (P<+/+0) gy pgd a5 45 dlsleo L9, (s]yl> (poils]
2 Lalol8 b’ das GlIL g 9 G381 potlil 5 25335 53 PH 303 WY e 9 7 1 (Ligus dllomiS=0pd by 2
Lalols” dllowiS daso ol yy 3> 039y lgizee PH Wlynss bad doles a8l ialS clgione pH oy Y¥ 9 VA & 0y
203 W 9 W a5 4 pothl g pgiS5 sl PH Cliussd gy (b UnlelS sy CnSls dlall (657 (5o b g drwloxe
ol b Bollae .ol 0 )0 LLolS dlloniS” o oyl 53 039y ©lgizee PH oy 5V jop odizd lis a5 A dpwlee
e opl 2o )3 VA o 53 ol 5l e g 03l il 1) S 68 039, PH suoyd VY o 5 YoilS allouS” 94531 4
Wle Mbo slapuslS)lg e Culled ¢ by el Wlg o STyss b (Zdunczyk et al., 2013) cuol asl, ials
2055 1) g b odds man S slial Alyice 039) lapusil)lg)See 295 oshusligiSY 5 po2 yiShosnin
Dalile et al., 2019; ) s> ials' |y 6dg) diduwl Mg oo sl pl a5 0S8 W)y 1o 0ligS Gy (sladwl 9 03,8
PH p )b ime il bSg oy a0 Lbols dlous (393381 &8 s 3155 pols iulesl gl M5, (Niu, 2023
(Luise et al., 2024) 5,155 3l pozbl § pg335

5 (0355 0ig P05 V0w 2 £35) 9 lsS slopliil g b Y (elinl (o (39 1 (S39) VP-FF) Sl oy 1 (omr 3l bgloee g Libols oS’ s 1Y Jguo

S50y ¥F o pd Lo (bsS (glads g 039y Ol givee pH
Table 3. The effect of finisher diet (26-46d) Camelina meal (CM) and multi enzyme (ME) level on carcass components and digestive organ
relative weight (g/100g live body weight) and intestinal contents pH of broiler chickens at 46 d of age

o aw Intestinal pH
; . 09 c

s o Y e oy eMer o sy Ry )
Llols ol Carcass Breast Thigh Abd]?ntnnal Srr;al] Pancreas I;arge f0) Pk
CMlevel,  ME level, a Intestine iestine  Jejenum  Ileym
% mg/Kg

0 0 59.69 18.96 21.07 2.50 2.48 0.24 0.57 4.94 5.70
6 60.75 20.19 20.30 1.88 2.77 0.25 0.54 5.17 5.92
12 60.59 20.09 20.49 1.63 2.69 0.26 0.54 531 6.08
18 58.71 20.15 19.81 1.06 2.87 0.20 0.62 5.45 5.89
24 57.94 18.94 19.95 1.26 2.72 0.23 0.50 5.03 5.42
0 50 59.76 20.66 19.81 2.29 2.54 0.23 0.52 5.24 5.70
6 59.78 20.76 20.06 1.74 247 0.22 0.63 5.28 5.82
12 61.03 21.28 19.78 1.46 2.49 0.24 0.56 541 6.07
18 59.42 19.23 20.68 1.58 2.62 0.18 0.54 521 5.88

11



ARl
yYay

24 60.93 20.59 19.84 1.14 2.93 0.25 0.55 4.99 5.61

SEM 0.946 0.782 0.469 0.214 0.158 0.025 0.041 0.174 0.198
Lalols” dloes” mdaws (CM level )

0 59.72 19.81 20.44 2.39* 2.51 0.24 0.55 5.09 5.70

6 60.27 20.47 20.18 1.81%® 2.62 0.24 0.58 5.23 5.87

12 60.81 20.69 20.13 1.54° 2.59 0.25 0.55 5.36 6.07

18 59.06 19.69 20.25 1.32° 2.74 0.19 0.58 5.33 5.88
24 59.43 19.76 19.89 1.20° 2.83 0.24 0.53 5.01 5.51

SEM 0.668 0.553 0.332 0.151 0.112 0.017 0.029 0.123 0.140
0 59.54 19.67 20.32 1.67 2.71 0.24 0.55 5.18 5.80
50 60.18 20.50 20.03 1.64 2.61 0.22 0.56 5.22 5.81

SEM 0.423 0.349 0.210 0.096 0.070 0.011 0.018 0.078 0.088
&b e Jlais] gdass (P-Value)

LS (CM) 0.391 0.602 0.839 <0.001 0.291 0.213 0.612 0.233 0.086
w3 (ME) 0.289 0.101 0.339 0.852 0.351 0.387 0.806 0.690 0.896
w2 3% llels” (CM x ME) 0.338 0.444 0.256 0.421 0.445 0.855 0.253 0.637 0.966
Lalols” dllows” s 4y geoly (ygum )55 /;._.Ilﬂ (Regression analysis in responses to Camelina level)

Linear 0.413 0.623 0.335 <0.001 0.032 0.616 0.595 0.026 0.010
Quartic 0.307 0.259 0.981 0.086 0.768 0.593 0.337 0.019 0.004

(P<e/0) sl oad astie > dme 1 b (gl gty )d wliel iy s b oy Sl coglas™®
o Sikes 3,luiliwl gl :SEM
**Means within each column for each effect with uncommon superscripts differ significantly (P<0.05).
SEM: Standard Error of Means

839, ((owlndcdn ) (5 yiogd g0 giunsd

kol fhcus osal ¥ Joao 3 (S59) Y7 oy )3 (1355 sladrge poiff bl (wlidion) 4 bgje il
bl o Lalols” dllonS” oy Blite I3l g (1355 sladr g (Sbb oy & ol blos (139381 5 LialolS oS s
Gl 015 (D)1 43l Gialejl lis b bk 295 )13 e ((owlidiony)) 039 (lis €l (slaasls (59) 1 (ool
Sl B G S Bos 4 by Job Cunsd 9 by Job (855 ladr g o d LalelS dloS” (39381 L oS
039y ()15 Cd )b (eSS slp o Jlme Sy plgie 4 S Bes 4 by Job Cuns (Aziza et al., 2014)
@l g an Sl b 0gd plad b e3g) bbe Sy oaimd)lis Comd cpl GV Jlde g 355 00 485 Jla )3 S8
.(Montagne et al., 2003; Pell et al., 1992) cwl YU

Si ¥ o 3 S slades pifs lid oy, ((Sig) YE-F) Lk oy 3 el blie g Llals dlouS s 51 Jguo
Table 4. The effect of finisher diet (26-46d) Camelina meal (CM) and multi enzyme (ME) level on jejunal morphology of broiler chickens at
46 d of age

s
> 5 4 Cound

doSghe B g O che laead hpubche O

Lolels o5 Villus \\{;l&uﬁ Crypt Muscular Villus Surface Area, ) w; o

CM level. % ME Height, um 1dth, Depth, pm Thickness, pm 1000 pm? Villus Height/ Crypt
’ level, Hm Depth

mg/Kg

0 0 1089 239 147 157 816 7.35

6 1193 207 183 153 782 6.59

12 1150 201 187 176 716 6.12

18 1349 210 189 158 864 7.13

24 1326 191 191 140 773 6.91

0 50 1153 214 188 151 779 6.14

6 1075 263 175 184 892 6.13
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12 1218 234 190 141 913 6.40

18 1147 254 185 153 910 6.24

24 1094 206 174 146 705 6.41

SEM 104.98 21.27 12.66 12.03 99.08 0.363
Lolols” dllouS” s (CM level)

0 1121 226 167 154 797 6.74

6 1134 235 179 168 837 6.36

12 1184 218 188 158 815 6.26

18 1248 232 187 155 887 6.68

24 1210 199 183 143 739 6.66

SEM 74.22 15.04 8.95 8.51 70.07 0.26

6@.5}51 byl pdaw (ME level)

0 1221 209 179 157 790 6.82

50 1137 234 182 155 840 6.26

SEM 46.94 9.513 5.66 5.38 44.31 0.16

&b xe Jlain! daw (P-Value)

kbl (CM) 0.731 0.453 0.482 0.335 0.666 0.592
w3 (ME) 0.217 0.075 0.692 0.815 0.434 0.122
w2 3% llels (CM x ME) 0.458 0.372 0.199 0.124 0.669 0.343
Lalols” dllows” s 4y geoly (ygum S5 /;._.Ilﬂ (Regression analysis in responses to Camelina level)

Linear 0.214 0.245 0.176 0.196 0.757 0.859
Quartic 0.747 0.365 0.206 0.157 0.272 0.233

o Sikes 3,luiliwl gl :SEM
SEM: Standard Error of Means

Ol CoteS
s VS oS s (ol 3 ol 005 GBl55 D Jain 33l S (sl sl iorio & bgsye ol
s Gl (P<+1+0) 15 b ine (slatsy 5 Sy (el Pl 5 oy Syl el 5 1S 3o
Sl gl 5 515 s> 1alS il ialS s 3y b oy olyiel el 5 S oy 3 LS s
Jate (gine yolis 4 a5 ol dbuS ol 55 Sls sl 3529 > 4 Ylais] Lol oS’ oo ]38 40 ely )
Sl ¢ S 0 pn )3 Lylols” louS” dan il 38l 40 gl 5> (Singh, 2008) w8 o ) (o yiad 511 Ll g o
daopd yao 3l SLL oy )0 LdolS allonS mdaws iol381 b wld lid pusd pgd do)d dblre Oygo 4 (5 iy ylgseinl
@9 WA & Lol dbuS aaw (I3 L 5 ials” loeinl pllodinl wop3 WV 5 7 4 (Lgw dlxiS—0)d 4l 0y
e ply yd 5y laseinl plSotinl Ol s b dolee il (il losiw] plSoinl oy VY pdaw 3 (ogas
duslre 1o 0 VY/A lgmcinl pl8ocin] il s 159, (b LdolS prdans sl dlais (65 5o b g duwlire LplolS” dlls”
Ol sl 0 )3 UlalS” AloiS g (l 3 03l (5955 e )3 Glagil Canglie cp Sl Sop odind (Lt &S A
pohl s 9335 Chigzme ol PH Ll yd )3 o8 (gysb 3> cilla 039) PH. yis 135 b lgseias] plSorial yi5 )
Boling-) cuwl a5 cubyd lgscinl plociunl dgms el g CBb Doty (o 9 (S9) qoijre) (Fixe dlgo ol
0550 b glusl it Oy sladul 5l 4295 B aie LuolS dlouS” a8 b 5l yixens ((Frankenbach et al., 2001
JY EPVRRCIM X GUSSUUFS S IVNOUE ) I 2 L ON [PV o CON [RPPERp VO [RCSUUW I 15 SN SV N [ P IR P
g WM gt Clld 2 0y dl £ 90 ol e S5 1) IS0 8L lgsial (iloile g s 2 e i
b Llols” dllous™ 10g58] a8 cawl ol 5155 598 guls b pwlxe .(Watkins et al., 2001) cuol Hl38 51 oMy giinl
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Pekel ) cusliSs o cubys olgsiun] pwSB 0oyd g 59 » sy gre iU 55 (sl dogn 0y 4 Mo pd Vo xdaw
oy 4 ool bglee 13938 b LolS allouS pdan oy blie 1 g ou 3l bolse (39331 Lol il (et al., 2017
bl ezl Cuas iovuw glajadli gyl gxe 45U

559 Y5 om0 3 1S slaeegr lpal slajally p (S3g) VFYE) bk o )3 (el bgloe 5 LbelS Ao o 1.0 Joax
Table S. The effect of finisher diet (26-46d) Camelina meal (CM) and multi enzyme (ME) level on bone parameters of broiler chickens at 46 d of age

s s €y (Tibia) o)y (Femur)
bnS g IES) ) o
Lol 4 039 Job P Specific plSocial 039 uSe dS as R L
CM level, % M;:Z)\: ol Weight, Length, Diameter, grav1t)2/, Strength Weight, Ash, % Ca. % Ph. % Mg, Zn. % Cu, %
] er mm mm gr/cm N er %
mg/Kg
0 0 19.50 111.75 9.32 1.18 92.18 6.37 52.54 19.03 3.41 0.22 13.84 2.93
6 16.22 105.00 8.16 1.17 83.68 5.41 52.34 18.84 3.40 0.15 9.57 2.13
12 16.37 106.75 8.00 1.18 78.45 5.15 50.03 18.05 3.27 0.22 14.40 2.86
18 16.64 105.75 8.81 1.17 75.35 5.68 51.79 18.48 3.29 0.13 9.39 2.18
24 17.42 108.00 8.81 1.17 84.16 5.44 50.09 18.73 3.53 0.21 14.17 3.43
0 50 16.89 106.75 8.50 1.18 87.70 5.53 52.67 19.23 3.45 0.17 12.00 3.00
6 16.28 105.25 8.44 1.19 86.41 5.37 53.06 19.25 3.51 0.15 8.53 2.10
12 16.68 108.75 8.20 1.16 73.95 5.34 49.73 18.63 3.46 0.12 8.51 2.01
18 16.36 107.25 8.21 1.16 81.01 5.38 51.01 18.93 3.51 0.17 13.76 3.48
24 15.85 106.25 7.96 1.17 94.61 5.46 49.48 18.38 3.40 0.14 9.22 2.10
SEM 0.719 1.722 0.322 0.011 3.874 0.244 0.695 0.283 0.081 0.023 1.270 0.258
LulolS” dllouS” axdass (CM level)
0 18.19 109.25 8.91 118 89.94° 5.95 52.60° 19.13* 343 019 1292 297
6 16.25 105.13 8.30 1.18 85.04% 5.39 52.70* 19.04* 3.45 0.15 9.05 2.12
12 16.52 107.75 8.10 1.17 76.20° 5.25 49.88° 18.34° 3.36 0.17 11.46 243
18 16.50 106.50 8.51 1.17 78.18° 5.53 51.40% 18.71%® 3.40 0.15 11.58 2.83
24 16.64 107.13 8.38 1.17 89.38% 5.45 49.78° 18.55° 3.46 0.17 11.69 2.76
SEM 0.509 1.218 0.228 0.008 2.739 0.172 0.491 0.199 0.057 0.016 0.898 0.183
o2l bglste o (ME level)
0 17.23 107.45 8.62 1.18 82.76 5.61 51.35 18.62 338 018 1227 271
50 16.41 106.85 8.26 1.17 84.74 5.42 51.19 18.88 347 015 1040  2.54
SEM 0322 0.770 0.144 0.005 1.732 0.109 0311 0126 0036 0010 0568 0.116
&b iz Jlois! o (P-Value)
Ldols (CM) 0.076 0.209 0.169 0.569 0.002 0.075 0.001 0.047 0.731 0.309 0.067 0.067
fv.;);\ (ME) 0.083 0.586 0.091 0.602 0.427 0.222 0.707 0.157 0.102 0.061 0.077 0.312
,v.;):\x Ldols” (CM X ME) 0.235 0.267 0.234 0.457 0.253 0.267 0.820 0.512 0.213 0.068 0.073 0.070
LlolS” louS daws 4 gl (ygaw )5, jJUT (Regression analysis in responses to Camelina level)
Linear 0.100 0.477 0.281 0.119 0.0002 0.136 0.0002 0.028 0953 0496 0984  0.707
Quartic 0.062 0.243 0.089 0.756 0.0002 0.043 0.651 0234 0365 0162 0202  0.087

o Sbo 3kl (sllad [SEM (P<+/+0) Cusl odid (yaduiio jl3 ixe 1 12 (glp (st o 40 aliel Gy b oSk cglas™®

*®Means within each column for each effect with uncommon superscripts differ significantly (P<0.05), SEM: Standard Error of Means

ol Ely
o> L5 £ Jodo 33 S50y Y5 9 VA o 13 SRBC 50,5 4 gewl y o bl (o5b 5l yid 4 bgsye gl
Bgze g Jos job 4 SRBC 5,5 4 adol aool Zuwl SLL oy 50 LulolS’ dlniS polaw [isli8l b el oads
kol Al P<e/+0) cdl ials w2y JB jsb 4 SRBC (5,5 & gl )3 pyw [gM o IgT clale .cdl als
o 5 0y arl bl (99381 b o )3 Lalels’ oS o (e Jlito S5 0 & ool bogloe (13938
Sl Wb cov Wlg e el gl LialS .l SRBC )5 4 gusl 53 oas bl oob 5l 5 ()b
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b bz Uhsesn el 2 (559, YF-FF) GLL oy ) (sarjil bglio 5 Lbols” dlloiS gaws 515 g
Table 6. The effect of finisher diet (26-46d) Camelina meal (CM) and multi enzyme (ME) level on humoral immunity of broiler chickens

LlelS” S s o bslseo s adgl (ool s 4l ool sl

CM level, % ME level, mg/Kg Total (IgT) Ig G IgM Total (IgT) Ig G IgM
0 0 420 3.00 1.20 4.40 3.20 1.20
6 3.80 3.20 1.00 4.40 3.00 1.40
12 3.00 2.00 1.20 4.80 3.80 1.20
18 2.80 1.80 1.20 3.60 2.60 1.00
24 3.40 2.40 1.00 4.00 3.00 1.00
0 50 3.20 2.20 1.20 3.80 2.80 1.20
6 5.00 3.20 1.80 420 3.60 1.20
12 2.60 2.20 1.00 4.00 2.80 1.20
18 3.00 2.40 1.20 3.60 2.60 1.20
24 2.60 1.60 1.20 3.60 2.60 1.00
SEM 0.473 0.467 0.195 0.471 0.387 0.173
Lolols” dllouS” s (CM level)

0 3.70% 2.60 1.20 4.10 3.00 1.20
6 4.40° 3.20 1.40 430 3.30 1.30
12 2.80° 2.10 1.10 4.40 3.30 1.20
18 2.90° 2.10 1.20 3.60 2.60 1.10
24 3.00° 2.00 1.10 3.80 2.80 1.00
SEM SEM 0.330 0.138 0.333 0.274 0.122
o2l bglsee waws (ME level)

0 3.44 248 1.12 4.24 3.12 1.16
50 3.28 232 1.28 3.84 2.88 1.16
SEM 0.212 0.209 0.088 0.211 0.173 0.077
&b Gz Jlais! pdaw (P-Value)

Ll (CM) 0.007 0.072 0.539 0.409 0.299 0.492
w3 (ME) 0.596 0.591 0.202 0.187 0.333 1.00
o2 $1X lels” (CM x ME) 0.156 0.479 0.121 0.923 0.343 0.854
LololS” oo 4y Zowly ygum)S ) }JUT (Regression analysis in responses to Camelina level)

Linear 0.294 0.035 0.386 0.212 0.216 0.107
Quartic 0.717 0.812 0.713 0.463 0.391 0.359

(P<e0) Canl oad astie > me 1 pm (sl gty ) wlidel g s b oy Sl coglis™®
o 1 Ske 3,5kl gl :SEM
**Means within each column for each effect with uncommon superscripts differ significantly (P<0.05).
SEM: Standard Error of Means

O Py Syl
L oS 358 00 odalie gl oy b Cawl o (BHISY Jgio 3 (B8 9 pyw ocdplio 4 byype gl
4 08 JoradS (3o 9 (P<120) Jo e jobo s (95 L uelS 65 (2555 Slodng 032 4 sor 3l bglino (13958
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x> GalS |y S wian ClilE alg o o Sl g Lo b Sl 5 5 Jolomals b Sl i LS i 31 Lels
hmg,S claes T o3938] (Alagawany et al., 2018) gs y5,lg5 01K Sbgivee 4 jeSumg Liol33l Cago g
Slg e gl ol & @9 g (LS e ilo 3 b pgome by 5 By iledlil 5 oo o)) 455 o
335 5 ey JorudS 5 L pmadlS 65 pdaw Gl 4 jodie doni )3 g 03l GLIEIH) palE 5l (e e
Sdglio Hlid Yleas! (65,50 03jb ial38l 5 (sdxe dlgo puad dguts b pizren (Cowieson & Ravindran, 2008)
s (5018 395 0 S ALT ke (8 o (a3l o 5l i a3 5 1o 0l S (sloJsbs 5
23 ol o3lil LB (g5l g (glaydns o33l Sl At )3 eadeys pme o8 il S 30 Ylans] o T3
390 Yb M“JB’L*" C)J UA»]).‘Bl LS‘)'? T3 éhw \jw c.)yi} 4>|9.c LS))"‘ W ywd Codglore l) oMy aS k5.'4)1).,.«:

.(Sturkie, 2012)

S50 TV G 0 G5 ladrsn (5 p w0 slacuslio  ((Sig) VPYF) GLL oy 53 or T bgle 5 LLlols' oS s 1Y Joa
Table 7. The effect of finisher diet (26-46d) Camelina meal (CM) and multi enzyme (ME) level on blood metabolites of broiler chickens at 42
d of age

dlxS o bl v

L sl TG, Chol, HDL, LDL, TP, AST, ALT, ALP, T3, T4,

* mg/dl mg/dl mg/dl mg/dl g/dl U/L U/L U/L ng/ml peg/dl
CMlevel, % ~ MElevel

mg/Kg

0 0 81 163 71 76 3.1 174 11 937 2.7 1.8
6 93 139 59 60 3.0 186 7 1134 33 2.0
12 84 156 68 70 3.0 194 6 963 2.8 1.9
18 78 167 77 72 2.8 138 7 883 29 2.0
24 93 169 74 76 3.4 228 11 996 3.1 2.0
0 50 100 158 72 61 33 164 6 759 2.6 22
6 96 157 67 65 3.1 216 3 1053 2.8 2.0
12 113 172 71 67 32 190 4 1050 2.5 1.7
18 105 178 76 64 3.6 267 3 1090 2.6 1.8
24 94 160 68 72 32 269 7 965 2.7 1.7
SEM 8.78 11.18 5.51 5.75 0.304 32.80 1.71 147.10 0.208 0.142
Lolols” dlous” e (CM level)
0 91 161 72 69 32 169 8 848 2.6 2.0
6 95 148 63 63 3.1 201 5 1094 3.1 2.0
12 99 164 70 69 3.1 192 5 1007 2.7 1.8
18 92 173 76 68 32 203 5 986 2.7 1.9
24 94 165 71 74 33 249 9 981 29 1.9
SEM 6.21 791 3.89 4.07 0.215 23.19 1.21 104.02 0.147 0.100
o3l bglsee pdaws (ME level)
0 86° 159 70 71 3.1 184 8 983 3.0 1.9
50 102* 165 71 66 33 221 5° 983 2.6° 1.9
SEM 3.93 5.00 2.46 2.57 0.136 14.67 0.77 65.79 0.093 0.063
&b Gz Jlis! pdaw (P-Value)
LLls" (CM) 0.913 0.315 0.256 0.442 0.947 0.221 0.076 0.591 0.248 0.531
w3 (ME) 0.009 0.412 0.777 0.173 0.295 0.091 0.002 0.994 0.027 0.559
w2 $Xllels (CM x ME) 0.389 0.661 0.779 0.561 0.569 0.259 0.957 0.723 0.911 0.225

Lulols” oS’ prdaws 45 guwly 9,5, 3JUT (Regression analysis in responses to Camelina level)
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Linear 0.916 0.206 0.307 0.222 0.645 0.929 0.698 0.612 0.697 0.338
Quartic 0.584 0.924 0.647 0.262 0.489 0.606 0.109 0.240 0.869 0.467
(P<el+0) el o ezl I3 (oo Sl o (sl g y2 53 aliel By L laSibe oglis™™
Sk 3,5kl gl :SEM
YTALT (pel sl 3 S )Lawl AAST a5 a5y TP ¢yl 4ol b (iig poad (LDL YU atnsls b 5 pogm) HDL ¢ Jg yiuddS :Chol o s 5 TG
O 955 T4 g i s 5 T3 jblansd (JSITALP oyl gice]
**Means within each column for each effect with uncommon superscripts differ significantly (P<0.05).
SEM: Standard Error of Means

TG: Triglyceride, Chol: Cholesterol, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein, TP: Total Protein, AST: Aspartate
transaminase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, T3: Triiodothyronine, T4: Thyroxine
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