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Background and Objectives: With the changing climate conditions
of the world, the reduction of water resources and, as a result, the
shortage of animal feed resources, especially soybean meal, and its
price increase, the use of feed resources such as camelina in animal
nutrition, which is low in water consumption, and has the potential
to be planted in dry-land conditions seems necessary. This study
investigated to investigate the chemical compositions, in vitro
fermentation parameters and methane production of camelina seeds
and meals in different cultivated areas for sheep feeding.

Materials and Methods: Camelina plant (cultivar Soheil) was
planted, grown, and harvested in three different regions of Fars
province (Zarghan, Pasargad, and Fasa). Oil extraction was
performed from the seeds and meals were used to determine
chemical and fermentation parameters such as gas production in 24
hours of fermentation (GPy), in vitro organic matter digestibility
(IVOMD), metabolizable energy (ME), microbial protein production
(MP), NHs-N, volatile fatty acids (VFAs) profile and protozoa
population (total protozoa, genus of Isotricha, Dasytricha,
subfamilies of Entodiniinae, Diplodiniinae and Ophrioscolecinae).

Results: The highest DM and ash contents were observed in the
Pasargad grain (961.30 and 42.60 g/kg DM), the highest CP and EE
contents were observed in the Fasa grain (321.98 and 342.72 g/kg
DM), and the highest NDF and ADF content was observed in the
Zarghan grain (281.32 and 142.93 g/kg DM) (P<0.0001). The
highest DM and ash contents were observed in Pasargad meal
(947.40 and 53.37 g/kg DM), the highest CP content was observed
in Fasa meal (476.84 g/kg DM), and the highest EE content, NDF,
ADF, total phenolic compounds, and total tannin content was
observed in Zarghan meal (69.53,225.84, 133.79, 1.35 and 0.34 g/kg
DM) (P<0.0001). The GP,4 (P=0.049), IVOMD (P=0.014) and ME
(P=0.001) for the camelina grains of Zarghan and Pasargad were
lower than those of the camelina grains of the Fasa region. The
highest values of aspartic gas production, GPy, IVOMD and ME
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were observed for Pasargad meal (P<0.0001). The value of the PF,,
and MP were higher in camelina meals compared to soybean meal
(P<0.0001). The amount of NH;-N in camelina Zarghan and
Pasargad grains was higher than Fasa grains (P=0.013). The amount
of NH;-N was lower in camelina Pasargad meal than in soybean
meal (P=0.0008). The total concentration of VFAs and the ratio of
acetate to propionate in camelina meals were lower compared to
soybean meal, but the concentration of propionate was higher
(P<0.0001). The effect of camelina seeds from different regions was
only effective on the population of Isotricha (P<0.0001),
Entodiniinae (P=0.066) and Diplodiniinae (P=0.056). Compared
with soybean meal, the use of camelina meal reduced the total
population of protozoa (P<0.0001), genera Isotricha (P=0.002) and
Dasytricha (P=0.075) and subfamilies FEntodiniinae (P<0.001),
Diplodiniinae (P=0.017) and Ophrioscolecinae (P=0.015) and
carbon dioxide (P=0.05) and methane production (P=0.024).

Conclusions: The effect of planting area on the chemical
composition and nutritional value of camelina seeds were different.
Some fermentation parameters of camelina meal were lower than
soybean meal in all three regions. Camelina meals were superior to
soybean meal in terms of improving fermentation parameters
(increasing microbial protein and propionate production, reducing
protozoa population, and carbon dioxide and methane gases).
Considering the water crisis in the country and the ability to plant
camelina in dry-land conditions and different climatic zones, the
seeds and meal of this plant can be used in livestock diets, but
research on live livestock is necessary.
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Table 1- Chemical composition (g/kg DM) of camelina seed in different planting areas

o B L LS il SE L LIS« OB 5 LS &l otbesd LS 5
Sl ome b Sl Fasa camelina Pasargad camelina  Zarghan camelina Chemical
P-value SEM seed seed seed composition

it osle
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Dry matter
b s
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Ash
|
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Crude protein
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Ether extract
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NDF
oy s 53 Jghoeal U
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ADF
S s olS 5
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Total phenolics
55 ot
0.365 0.002 0.19 0.19 0.18 .
Total tannin
s SIsd oS g
compounds
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Non-similar latin letters in each rows represents a significant difference between treatments (P<0.05).
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Table 2- Chemical composition (g/kg DM) of camelina meal in different planting areas

L Ll s

o 3 el Sl i MLl LIS s 0655 LelS dles s OLS 5
Sol3 one Lo Sle cariizsl?na Pasargad Zarghan Chemical
P-value SEM meal camelina meal camelina meal composition

i sl
<0.0001 0.423 942.67° 947.30° 934.30° ’
Dry matter
= s
0.034 1.104 90.53° 53.37° 52.78% (e A
Ash
|
0.0001 3.585 476.84% 422.78° 449.00° 7 omin
Crude protein
3l o jlas
0.022 0.805 66.28" 65.27" 69.53° S
Ether extract
a.,\.'\.i_,,\i: BE lea.cb JL;J.
<0.0001 0.867 212.16 191.07° 225.84° e
NDF
oy 5 55 Jgloesl LI
0.0004 2.961 115.63° 97.19° 133.79* e
ADF
S g olS 5
<0.0001 0.017 1.09° 1.16 1.35° S s
Total phenolics
B
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Total tannin
S S5 S
<0.0001 0.0.012 0.82° 087 1.01° Non tannin
compounds
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Non-similar latin letters in each rows represents a significant difference between treatments (P<0.05).
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Table 3- Gas production (ml/g DM) of camelina seed in different planting areas

e S L LS il S8l Ll s 05 Lls &l )
P ) : (cel)Ole
Sola e b Sl Fasa camelina Pasargad Zarghan Ti
. ; ime (h)
P-value SEM seed camelina seed camelina seed
>0.05 1.433 37.45 37.40 37.50 2
<0.0001 1.444 77.50°% 57.50° 52.50° 4
0.0002 2.764 132.50° 102.50° 97.50° 8
0.006 4.330 167.50° 137.50° 142.50° 12
0.049 4.787 205.50% 187.50° 185.50" 24
0.038 4.488 215.00° 212.50° 195.00° 48
0.069 4.564 230.00% 227.50* 212.50° 72
0.027 3.819 235.00° 235.00° 217.50° 96
0.027 3.819 235.00° 235.00° 217.50° 120

(P<e/00) sl bl o Sla e ol s lasOlis Jlaw a3 alive b Y Gy

Non-similar latin letters in each rows represents a significant difference between treatments (P<0.05).
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Figure 1- Gas production at different times of fermentation (ml/g DM) of camelina seed in different
planting areas
L Lels wls FCS 8Ll Ll <l :ACS 6,5 LS «ls :ZCS

ZCS: Zarghan camelina seed, ACS: Pasargad camelina seed, FCS: Fasa camelina seed.
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Table 4-Gas production (ml/g DM) of soybean meal and camelina meals in different planting areas

o o 31kl Gl b LlalS oS SELLL bl s WKUM U g oS _ULA)
- P-i;ue b eSilis Fasa camelina  Pasargad camelina o8 Soybean <\,.&L,:>
SEM meal meal Zarghan meal Time
camelina meal (h)
0.363 2.165 55.00 57.50 60.00 55.00 2
0.003 1.768 77.50° 90.00% 80.00° 87.50" 4
<0.0001 1.250 132.50° 142.50° 140.00° 152.50° 8
<0.0001 1.250 172.50° 190.00° 182.50° 207.50°% 12
<0.0001 1.251 217.50° 232.50° 225.00° 262.50°% 24
<0.0001 1.614 250.00° 270.00° 255.00° 307.50°% 48
<0.0001 1.768 277.50° 280.50° 267.50° 325.00°% 72
<0.0001 1.768 285.00° 285.00° 272.50° 332.50°% 96
<0.0001 1.768 285.00° 285.00° 272.50° 332.50° 120

(P</00) ol byl o Sla e sl s lasOlis Jlow a3 wline b o 5Y Gy

Non-similar latin letters in each rows represents a significant difference between treatments (P<0.05).
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Figure 2- Gas production at different times of fermentation (ml/g DM) of of soybean meal and camelina
meals in different planting areas
L s S SBM 618l LLelS dbws PCM (L LIS dles FCM (065 Lsls dloes ZCM

ZCM: Zarghan camelina meal, FCM: Fasa camelina meal, PCM: Pasargad camelina meal, SBM: soybean meal.
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Table 5- Rumen fermentation parameters of camelina seed in different planting areas

C}a.« 31kl 3l il Lus Ll &i1s S8 LS wls OB Ldels &ls i

Sl e LSk Fasa Pasargad Zarghan P '
. . . arameter
P-value SEM camelinaseed  camelina seed camelina seed
0.055 5.443 230.00° 223.33%® 206.67° A
>0.05 0.001 0.10 0.10 0.10 C
0.027 0.192 0.10° 1.10° 0.77° L
0.592 30.580 722.75 689.50 734.00 ADS
0.049 4.787 205.00° 187.50° 185.00° GPyy
0.014 8.511 654.02° 609.11° 608.61° IVOMD
0.001 0.130 12.29° 11.09° 11.22° ME
0.012 0.072 3.52° 3.66" 3.97° PFo4
0.184 20.231 271.00 227.00 327.00 MP
0.015 5.404 283.85°% 273.83" 252.04" GYo
0.013 0.068 18.88° 18.60° 18.46° NH;-N
0.886 0.425 79.17 78.87 78.99 Total VFAs
Volatile fatty
acids

0.933 0.189 69.15 69.25 69.20 Acetate
0.911 0.176 19.58 19.57 19.67 Propionate
0.821 0.161 9.53 9.40 941 Butyrate
0.769 0.126 3.69 3.80 3.68 Isobutyrate
0.918 0.018 0.39 0.40 0.39 Valerate
0.811 0.033 1.34 1.36 1.33 Isovalerate
0.932 0.038 353 3.54 352 Acetate:Propiona

te
3l 05 53 p S k) (Al ekt S Sl se AADS (csl) ol 0l L (el 53) s S 1€ R e S5 WA
LB (351 ME (St osle S 5kS 53 09 JTesle aabesT (s 168 TVOMD (i o) ol YE sl s 58 ) 5GP (K2
s n A MP G A5 1 e 53 a3l et g (6 s S ) SIS o 5 PR (SLi asle 0 SIS 55 J53K0) Slesc s
0558 NHyN (315 sy 525 Sl g S 55 S8 hen) oess TE Celir 3 58 Jgamms :GY 2y (it 03l p S 53 5 s) (05 S0
3 e gl s 0L e a3 it oY B () 53 peke) SIS o sladed IS (Total VFAS (i s 03¢5 o) (Slisel
(P<e/v0) o b

A: asymptotic gas production (ml), C: fermentation rate (/h), L: lag phase (h), ADS: Apparent degraded substrate
(mg/g DM), GP,4: gas production at 24 h (ml), IVOMD: in vitro organic matter disappearance (g/kg), ME:
metabolizable energy (MJ/kg DM), PF,,: partitioning factor at 24 h of fermentation (mg ADS/ml gas), MP: microbial
protein synthesis (mg/g DM), GY,4: gas yield at 24 h (ml gas/g ADS), NH;-N: ammonia nitrogen (mg/dl), Total
VFAs: total of volatile fatty acids (mmol/l), Volatile fatty acids: (mmol/100 mmol), non-similar latin letters in each
rows represents a significant difference between treatments (P<0.05).
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Non-similar latin letters in each rows represents a significant difference between treatments (P<0.05).
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