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Introduction: In the animal husbandry industry, more than 70% of the production costs are related to nutrition.
Among the nutrients consumed by livestock, protein is one of the most important and expensive nutrients. Due to
Iran's limitations in the production of oilseeds and consequently the production of protein meals, providing the
protein needs of livestock has been associated with many problems. The use of new and especially local protein
sources in ruminant feeding is one of the main solutions to cover the lack of protein sources and reduce the import
of these sources, and it also reduces production costs in the livestock and poultry industry. Camelina sativa
medicinal-oil plant has attracted a lot of attention, especially in recent years, and its most important advantage is
extreme resistance to drought and cold conditions. The presence of high amounts of crude protein (CP), energy,
and essential amino acids in camelina meal makes it a useful and potential option for use in the livestock and
poultry feed industry. It was shown that the CP content of camelina meal was 41.9% of dry matter. Also, camelina
meal has higher CP content and similar rumen undegradable protein compared to canola meal. In terms of lysine
and methionine amino acids, which are important in muscle growth, camelina meal is considered a rich source.
Camelina is a plant with a short growth period of 85-100 days and recently in Iran at the beginning of the camelina
development project, the DH1025 line was produced, which is cultivated under the name of Soheil variety on a
wide scale. Various studies have been conducted on the use of camelina meal for different purposes in ruminant
nutrition. This is while there is little information about the nutrition of camelina meal and especially Soheil variety
in the nutrition of ruminants in Iran. Therefore, this research aimed to investigate the effects of different levels of
camelina meal on growth performance, rumen fermentation parameters, blood metabolites, and nutritional
behavior of Lori-Bakhtiari lambs.

Materials and methods: Thirteen Lori-Bakhtiari male lambs of four to five months of age with a mean live
weight of 34.5+5 kg were used for 70 days of the experimental fattening period. Lambs were assigned to three
experimental treatments (10 lambs per treatment) in a completely randomized design. Three experimental diets
contained camelina meal at levels of zero (control), five, and 10% of dry matter (DM). Experimental diets were
formulated according to nutritional requirement tables for small ruminants and were similar in terms of energy
and protein. Also, the ratio of forage to concentrate in the diets was considered to be 30 to 70. From the first day,
the animals were kept and reared in individual stalls. Two weeks before the start of the experiment (adaptation
period), the lambs were vaccinated against enterotoxemia and the amount of 20 mL of anti-parasitic syrup (5%
Clozantel) per 10 kg of body weight and niclosamide anti-parasitic syrup (seven to 10 mL per lamb) was fed to
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the lambs. Camelina meal used in this project was a genetically modified and localized variety. Experimental
rations were provided in a completely mixed form (TMR) to the lambs daily at 8:00 am and 4:00 pm.

Results and discussion: Results showed that increasing the level of camelina meal in the diet increased linearly
the concentration of ruminal ammonia, propionate, and blood urea nitrogen (P<0.05), while ruminal pH and other
individual volatile fatty acids, and blood parameters were not affected by the experimental diets (P>0.05). The
activity of carboxymethyl cellulase enzymes decreased linearly with increasing the level of camelina meal in the
diet (P<0.05). However, the activity of other rumen microbial enzymes was not affected by the experimental diets
(P>0.05). In terms of behavioral traits, diets had no effect on DM and NDF intake, and also final body weight and
average daily gain (P>0.05). Except for the amount of rumination and the ratio of rumination to DM intake, which
increased linearly with increasing the level of camelina meal in the diet (P<0.05), other nutritional behaviors were
not affected by the experimental diets (P>0.05).

Conclusions: In general, the results of the present study showed that the use of camelina meal, as a new source
of protein, instead of soybean meal up to 10% of dietary DM of fattening lambs is recommended.
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Table 1. Chemical composition of camelina and soybean meal used in experimental diets (% DM or as stated)

Dry  Organic Crude Neutral Acid detergent Ether ME (Mcal/kg
matter  matter  protein  detergent fiber fiber extract DM)
Camelina  91.2 92.7 41.1 32.4 22.5 6.88 2.51
meal
Soybean 90.1 93.4 44.5 14.9 10.5 1.65 2.75

meal
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Table 2. Ingredients and chemical composition (% DM or as stated) of experimental diets containing different
levels of camelina meal

Camelina meal level in the diet (% DM)

0 5 10
Ingredients
Alfalfa hay (dried) 25.0 25.0 25.0
Wheat straw 5.0 5.0 5.0
Barley grain, ground 30.0 30.0 30.0
Corn grain, ground 18.0 18.0 18.0
Soybean meal 10.0 5.0 -
Camelina meal - 5.0 10.0
Wheat bran 8.10 8.10 8.10
Mineral and vitamin 3.50 3.50 3.50
premix!
Urea 0.40 0.40 0.40
Chemical composition

Dry matter 90.0 90.0 90.1
Organic matter 91.8 91.7 91.7
Crude protein 16.25 16.20 16.10
Neutral detergent fiber 30.60 31.50 32.50
(NDF)
Ether extract 2.61 2.86 3.11
Ca 0.87 0.89 091
P 0.40 0.42 0.44
ME (Mcal/’kg DM) 2.62 2.60 2.59

! The mineral and vitamin premix contained (1 kg premix): 25000 IU vitamin A, 5000 IU vitamin D3, 1000 IU vitamin E, 1250
mg Mn, 375 mg Cu, 25 mg Se, 140000 mg Ca, 2500 mg P, 20 mg Co, 25mg lodine, 25000 mg Mg, 25000 mg Na (NaCl),

25000 mg Na (NaHCO3), 1000 mg antioxidant.
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Table 3. Effect of experimental diets containing different levels of camelina meal on growth performance
and feeding behavior of fattening lambs

Camelina meal level in the diet (%

DM) Contrast

Item 0 5 10 SEM Linear Quadratic
Initial body weight (kg) 35.1 35.9 35.9 - - -
Final body weight (kg) 50.9 51.3 50.9 1.35 0.78 0.53
Average daily gain (g) 284 279 271 10.6 0.56 0.69
DM intake (g/d) 1824 1755 1750 70.2 0.46 0.72
NDF intake (g/d) 564 554 583 12.5 0.10 0.53
Eating (min/d) 309 294 299 9.15 0.43 0.37
Rumination (min/d) 272b 277% 2992 7.25 0.02 0.36
Chewing (min/d) 581 571 598 14.79 0.24 0.14
Eating/DM intake 171 168 172 9.35 0.93 0.75
Rumination/DM intake 149° 158 1722 5.13 0.01 0.64
Chewing/DM intake 321 326 344 12.9 0.22 0.68
Eating/NDF intake 549 532 525 32.1 0.46 0.87
Rumination/NDF intake 484 500 526 18.03 0.11 0.85
Chewing/NDF intake 1032 1034 1050 34.2 0.69 0.84

b In each row, values with different letters are significantly different (P<0.05).
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Table 4. Effect of experimental diets containing different levels of camelina meal on rumen fermentation

parameters of fattening lambs

Camelina meal level in the diet (% Contrast
DM)
Item 0 5 10 SEM Linear Quadratic
pH 6.27 6.22 6.20 0.042 0.26 0.77
Ammonia (mg/dL) 18.56° 19.71% 20.412 0.482 0.02 0.70
VFA (mmol/L)
Total VFA 90.2 89.9 91.1 1.19 0.57 0.59
Acetate 55.7 55.1 54.4 1.04 0.38 0.97
Propionate 17.3 17.9° 19.8 0.465 0.01 0.27
Butyrate 12.6 12.1 12.2 0.368 0.50 0.52
Isobutyrate 2.34 2.42 247 0.126 0.47 0.88
Valerate 1.27 1.30 1.25 0.054 0.70 0.56
Isovalerate 1.02 1.10 1.06 0.095 0.77 0.61
Acetate : propionate 3.20 3.09 2.81 0.162 0.11 0.67

b In each row, values with different letters are significantly different (P<0.05).

S SL Canar alS sl LIS i a5 o
2ol a5 oud 4eSh 15 52509 515 5 (WS 5S e,
(Bergman, 1990) & ls cownl &l be g bl o
LolelS” oS as i oS sl o0l Lo (6,500 idgh 5o
ol 5 Slggp Cond 1l Sl 6508 Slagls o
Hurtaud and ) ¢l ool aalis 09,5 b duslae jo bl
4 LS S ads (uzes (Peyraud, 2007
adgs Rl b aals 0 b anslie )0 (6 pmd slagls
Gl 0095 0l jo 4aSl Sliw! ialS g Sligug
3 Slgmgy oliee ili8l (Lawrence et al., 2016)
IS i Glgen |y el dlnsS (g5l (slooyer
5055 Ygone PUFA (g5l> sloo ez a5 ols sy
gl (225 5 Slsisyn odss Sl ol Sl aness
Slodel (nl 695 2 g alS L g Slyds 5 Sl
Ueda et al, 2003;) wnd oo, )8 o
«(Hurtaudand Peyraud, 2007; Shingfield et al., 2008
oy ool o BT Lo o Canl (Son ol ol aS
ap slag,St gsy Selsnd Wy g W
Maia et al.,2007; Yang et ) ol aeSis Jolw ouissS
linl Baes 4S8 0 13 0yn slaa! (al, 2009
ol S oams oylid a5 ats Ol g g Slgagy
PIERVRFUW VIR o 0. R E P VI Ry
Sl sk s sl g s LB 551 8 oz
;o (Bergamn, 1990) aiiS o pl )3 00iiS laseis lgu
sl Shy awlie bt 4 LBl ol
5 il s dolilS WS Ly S (5055

AuS S G phd S Gl dn situ Oldlas o
AlouS @ Cos a5 Cowl oo (54155 do 0 VE LS
Gl yiion (Ao, OY) IS aluS ¢ (auo,0 OA) Lgw
Obe 0ol plxl Clalllas (o (Lawrence et al., 2016)
o> oy 50 4neSs (Sligal gy Cale a5 ons
(6 a5 M 5 S S | gl o LilS s
3o (uizmed (Lawrence et al., 2016) cuwl 00gs i
Soyd P ol oy (53,5 Sl o6 50 asllls
oo JoSo LidalS” ails b aS™ 0,0bucS” duoyo Fo g adole
Wang et ) sls [ial33l 1) Sligel (59,00 cdalé oy
addllas jo ouwl Cussdy bl b gillas a5 wal, 2017
ol ooy 10 Slgugy cdale bl cul Lol>
ol g cble JJo 4 Yl Ll dbus
L awlio 0 j5de dlbus o (PUFA) gliile o>
Al Caws s |y 4aSl juasd a5 Gl 009y b guw alloeiS
0315 Fgm Sl g 9 Sliwl ags 2alS 5 yiin Slsmyg
Ueda et al., 2003; Hurtaud and peyraud., ) <ol
o> slasl cdale (2007; Shingfield et al., 2008
a0 Lol dlouss” jo apnl Sedgid 5 Sy (Sl
el s IS 5l aey FAIY 5 YAID VAR s
o2l Ll (Hurtaud and peyraud, 2007) wss oo JoSis
doyd Y 5 OF A0 by a Lgw dluS jo polde

(Lopes et al., 2017) sl ouls i |35
Lol 50 a8 56 (V Jgoz) oo adss cilesl (slao o
i B o e LellS WS o 215
Al YU idn 40 oads o )lil gl conl azdly il



oo szl 3o Shoe g allonS gl LLLelS allusS Cilies poban 5SSl i 5en 5 (5,5 | pons 12

w3l @i 5 oy ol 5 gyl 5 b st il
.(Immanuel, 2006) &ls i puan aul,d 0 geile
L 5sSlS sladisy wits 108 Vsl (slagy 5l
YLl b 55515 slaasly 5l aS |, el o umeiy jo o
4 ok slo i 5 5 wlonds Jato s & F) -l
.(Lee and Koo, 2001; axsles 5uds,0um iyl oo 9929
slw sl el zels Kotchoni er al, 2003)
9 LelelS s s 31 Yk Jito oS3,
G iSh sy S Jdo a4 Yzl oy
S glyme o 4 SUI sl 4 SGaYg s
Selyid el 5 Setlyid sl ol 0y (slosed

el 009s LidalS oS o

00 B Yl Ly S 55 15 oz slasnl S
(Sizmaz et al., 2021) el

bl eSS g Koo iy ben (slopon T Coles
L ¥k o (oS58 (slore 1 Callsd & Jpar gl
oeals s by o,z o LS alxS adaw il
295w a3l ple Cdled iz a (P<+/+0) 8l
s Sl GYsle Gl S 98 Jolds aess
Al Galises ol 5b oo Plel Wy bl aels
ud)fa )\):9 @L\.c 0 j> )0 L.».LG[S

oolaiwl gellae (2o5L L1, BLIL (s jlgis
Jelis Bowe SLJI.(Oltjen and Beckett, 1996) oS oo
St e (Sl 5 S 5 035 Hsbos ot 5 sk

A>lg) (o9, Seidg e GL“M}:‘—‘ s LLelS allwS alizee gl (55l Gﬁ}.ﬂLﬂ}" sloo> 10 Jgu

Slan oy aaSs (aids o pd oo o oo dled

Table 5. Effect of experimental diets containing different levels of camelina meal on rumen microbial hydrolytic

enzyme activities of fattening lambs (U/mL/min)

Camelina meal level in the diet (% DM) Contrast
Item 0 5 10 SEM Linear Quadratic
Carboxy methyl cellulase 23.8° 21.1° 19.4° 0.753 0.01 0.58
Micro crystalline cellulase 4.88 4.76 4.71 0.311 0.71 0.91
Filter paper degrading 18.6 18.3 18.1 1.65 0.84 0.98
activity
a- amylase 59.8 60.6 63.4 2.24 0.27 0.72

b In each row, values with different letters are significantly different (P<0.05).
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Table 6. Effect of experimental diets containing different levels of camelina meal on blood metabolites of
fattening lambs

Camelina meal level in the diet (% Contrast
DM)
Item 0 5 10 SEM Linear Quadratic
Total protein (g/dL) 8.14 8.18 8.36 0.205 0.46 0.79
Blood urea nitrogen (mg/dL) 3.45° 3.88® 4.19° 0.192 0.02 0.79
Glucose (mg/dL) 76.1 76.2 76.06 0.848 0.12 0.41

&b In each row, values with different letters are significantly different (P<0.05).
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