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Article Info ABSTRACT

Article type: Background and Objectives: Protein is one of the most important

Research Full Paper and expensive nutrients used in ruminant feeding. Due to Iran’s
limitations in producing oilseeds and protein meals, meeting the
protein requirements of livestock faces considerable challenges.
Soybean meal is currently the most common and high-quality
protein source in animal and poultry diets; however, its cost is
higher than other meals. Camelina meal is another protein source
that could be a potential alternative to soybean meal in livestock
feeding. Therefore, this study was conducted to evaluate the effects
of replacing soybean meal with fermented and unfermented
camelina meal on growth performance and some ruminal
fermentation parameters of fattening lambs.

Article history: i . . . .
Received: 10/9/2025 Materials and Methods: The experiment was carried out in a

Revised: 29/11/2025 cpmpletel)_/ ra_mdomized design With three dietary treatments ar}d
Accepted: 08/12/2025 eight repll_catlons per treatment, using _24 lambs aged four to six
months with an average initial body weight of 34.5 + 5 kg over a
period of 80 days. The experimental treatments included: (1) control
diet containing soybean meal, (2) diet containing fermented
camelina meal, and (3) diet containing unfermented camelina meal.
Fermentation of camelina meal was performed using Trichoderma
reesei (PTCC 5142). A 24-hour gas production assay was used to
estimate organic matter digestibility, metabolizable energy, and
microbial biomass yield. At the end of the experiment, rumen fluid
samples were collected via oesophageal tube to determine pH,
ammonia nitrogen concentration, volatile fatty acids (VFA), and
protozoal population. During the experimental period, daily feed
intake, average daily gain, and feed conversion ratio were measured.
The economic efficiency index was calculated based on the cost per

Keywords: kilogram of body weight gain. Data were analysed using the GLM
Camelina procedure of SAS software (2005).

Growth performance

Protozoa Results: The results indicated that replacing soybean meal with

Trichoderma

: . fermented or unfermented camelina meal had no significant effect
Volatile fatty acids

on growth performance or feed intake (P>0.05). Similarly, ruminal
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pH, ammonia nitrogen concentration, total volatile fatty acids, and
total protozoal count were not affected by the treatments, although
the population of Entodinium protozoa increased in lambs fed
camelina meal diets (P<0.05). In lambs receiving fermented and
unfermented camelina meal, ruminal propionate concentration
increased while the acetate-to-propionate ratio decreased compared
with the control group (P<0.05). No significant differences were
observed among treatments in 24-hour gas production, estimated
organic matter digestibility, metabolizable energy, partitioning
factor, or microbial biomass yield.

Conclusion: The findings of this study demonstrated that partial or
complete replacement of soybean meal with fermented or
unfermented camelina meal had no adverse effects on growth
performance or feed intake of fattening lambs. Considering its lower
cost and reduced water requirement for cultivation, camelina meal
can be recommended as a suitable and sustainable protein source in
fattening lamb diets.
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Table 1: Chemical composition of the meals used in the experimental diets (% DM)

Dbl GUI I glomals LI

e R e (o S S SSon s
SR e Ether Crude Ash Dry matter Protein meal
ADF ..l NDF x> extract protein y
b dllS
12.35 23.35 14.73 42.12 6.03 90.15
Soybean meal
25 S Wlws
13.35 27.25 25.22 31.14 5.91 93.45 S B
Fermented camelina meal
LulolS WS
14.45 26.13 24.76 30.95 5.73 94.46 T
Camelina meal
ARl 358 ez pland oS 5 5 Sy 5 3l - dodx
Table 2- Feed ingredients and chemical composition of the experimental diets
Jfﬂuﬂ slasles
Experimental treatments
LkelS s S Gllals oS L Ingredients o Sl
Camelina meal Fermented Control
camelina meal
10.00 10.00 10.00 Wheat straw LS oS
20.00 20.00 20.00 Alfalfa hay 4y
25.50 25.50 34.00 Barley grain =
26.50 26.50 20.00 Corn grain 53
0.00 0.00 13.50 Soybean meal Ly allos
0.00 15.50 0.00 Fermented S e LobalS s
camelina
15.50 0.00 0.00 Non-ft_armented CedS b LalS S
camelina
2.00 2.00 2.00 Min-Vit mixture el 5 e oS
0.30 0.30 0.30 DCP Slind o dS (6
0.20 0.20 0.20 Salt s
Chemical Composition (% DM) (K osle Ao 3) plooed S 5
92.20 91.70 92.50 Dry Matter (Al 3) S o3be
7.76 7.65 8.52 Ash FS
14.43 14.52 14.28 Crude Protein P S
3.79 3.82 371 Ether Extract t= e
37.24 38.73 39.61 NFC S CICH PR W VI
28.60 28.40 32.60 NDF 5 edu s )3 J el U
20.10 20.30 21.90 ADF Gl 0y 5 53 J leel SUI
Dl s oty 8550
2.66 2.68 271 ME (Mcal/kg)

((’Jg)l:‘s 2? 6)“5&)

!Calculated based on NRC (2007) tables
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Table 3. The effect of different treatments on the growth performance in fattening lambs

@bl axls o les
Statistical index Treatments — L5 claamdl 3
Gz Sl )
Lol Wl L
P Value SEM 5 Fermented A Growth Parameters
Camelina meal camelina meal Control
P 5 ‘«;L‘;T '
0.99 0.87 35.02 35.13 35.26 <<”S A o oI
Initial Body Weight (kg)
(¢,55h8) 5 UL 0
0.95 0.84 54.30 54.25 54.76 (50 o Sk 03
Final Body Weight (kg)
G $)ailss, Ui il 33 5 Sle
0.80 3.57 273.94 273.03 278,57 52022 18080505 035 A
Average Daily Gain (g/day)
(j)) /,) 5 i osle
0.23 0.12 1.63 1.65 1.68 2 £5IS) P S
Dry Matter Intake (kg/day)
Sy b g o
0.86 0.09 5.92 6.07 6.08 o e

Feed Conversion Ratio

el (P<4/40) C'J“‘“ 23 13 gme BV s asOlis s, A s Dslie Lo >
oSls 5,lnkul glas :SEM

Different letters in a row indicate significant differences at the level of P<0.05.
SEM: Standard Error of the Mean
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Table 4- The effect of different treatments on rumen fermentation parameters (gas production method)

Sl axls bl
Statistical index Treatmgr?ts — : JUCL P IR
P Value SEM Lals s S S — Fermentation parameters
Camelina meal Fermented Control
camelina meal
(K ole o5 2 ) wslo VE 56
0.27 1.14 53.58 54.82 50.39 ot A e TES
24-hour gas (ml/g DM)
1) JTesle pan o L5
0.29 1.08 66.69 67.98 63.69 () Sl osbe n ok
Organic matter digestibility (%)
MQ) JTosle an o LG
0.21 5.40 333.49 339.42 318.48 MG osle s el
Organic matter digestibility (mg)
MJI/Kg DM) _jopmed golie (5351
0.28 0.16 9.25 9.43 8.77 ( g ) rrdolin 555
Metabolic energy (MJ/kg DM)
ml) s Jale
0.27 0.16 10.03 10.21 9.56 (mgiml) S5 o
Partitioning factor (mg/ml)
0.31 2.54 200.13 202.97 193.30 (M0) 5o 025
Microbial mass (mg)
Z e 5 u\J v bJ‘lJ
0.19 0.20 59.83 60.02 60.69 V) o 2 05 023

Microbial mass production efficiency (%)

el (P<+/40) Cla..d 03 Sl gme Ol slaas LA iy ja s ogline By
oSbs 5lukal gl SEM

Different letters in a row indicate significant differences at the level of P<0.05.
SEM: Standard Error of the Mean
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Table 5- The effect of different treatments on rumen fermentation parameters

@bl a=ls (P
Statistical index Treatments e Gl 5
L s Somois (Slels aols Fermentation Parameters
P Value SEM T ’ Fermented Control
Camelina meal .
camelina meal
0.25  0.005 6.36 6.38 6.35 pH
) L 151 ) Gl 53 5 ) (Slisel 03555
0.8 3.15 94.5 89.69 89.9 NHo-Nmg/L)
(= ) | 5 glasl
015 043 97.15 97.25 96.20 A9 D) B S e
Total volatile fatty acids (mmol/L)
0.16 0.58 56.47 57.21 57.89 Acetate ot
0.002  0.43 25.80°2 25.122 23.31° Propionate <,y »
0.59 0.12 11.26 11.30 11.48 Butyrate <1 5 .
0.28 0.04 1.34 1.43 1.23 Iso-butyrate =i 5 55!
0.19  0.03 1.27 1.18 1.25 Valerate <l )i
053  0.02 1.01 1.02 1.07 Iso-valerate i 55!
0.001  0.10 2.19° 2.28" 2.48° Acetate / Propionate <ty s, / <l

el (P<+/v0) é—r/ 23 15 g M sdias gLl sy s oglite Ly

a,b

oSls 5,185kl glas :SEM

PDijfferent letters in row indicate a significant difference at the level of (P < 0.05)

SEM: Standard Error of Mean
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Table 6- The effect of different treatments on the rumen protozoan population in fattening lambs during
the experiment (Nx10* ml)

Statistical index ;L1 jesls Treatments W, l.s

2135555 Camexr

Lol s S slubels Jals
P Value SEM Camelina meal Fermented Control Protozoan population
camelina meal
T. - -
0.21 15.59 156.67 193.33 125.00 PP B
Total Protozoa count
. ,‘l
0.07 12.74 71.67% 111.67 45.00° foees
Entodinium
0.75 3.76 6.66 11.66 6.66 s
Diplodinium
SIS 3
0.93 1.82 5.00 6.66 6.66 N i
Ophryoscolex
R
0.22 2.46 10.00 11.66 20.00 R
Isotricha
S5 !
0.11 3.41 63.33 51.66 46.66 e
Dasytricha

Sl (P<1/00) ck.vd 03 Ll e BV s asOLES s, a3 gl oy b

Sl 5,185kl clas :SEM

*bDifferent letters in each row indicate a significant difference at the level of (P < 0.05)

SEM: Standard Error of Mean
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