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Introduction:

Fast growth during the fattening period in lambs is typically associated with increased
metabolic activity and more production of reactive oxygen species (ROS), which can
potentially disrupt the balance between oxidant generation and antioxidant defense
mechanisms.This imbalance leads to oxidative stress, resulting in lipid peroxidation, protein
oxidation, and potential impairment of immune function.Nutritional interventions using natural
antioxidant-rich feed ingredients have gained considerable attention as a strategy to enhance
oxidative stability and modulate immune responses in ruminants.

Camelina sativa, a promising oilseed crop, is known for its high content of polyunsaturated
fatty acids (especially omega-3 fatty acids) as well as biologically active compounds such as
tocopherols and phenolic antioxidants.These components contribute to reducing free radical
activity, inhibiting lipid peroxidation, and supporting the overall antioxidant capacity, thereby
contributing to the animal's antioxidant defense system. In contrast, palm oil, though
commonly used in animal feeding systems for its energy density, contains relatively low levels
of antioxidant compounds.Given the limited comparative information regarding the effects of
palm oil, camelina oil, and whole camelina seeds on oxidative and immune responses and vital
signs in fattening lambs, the present study was designed to evaluate their influence on key
antioxidant indicators, immune markers, and physiological parameters.The main objective was
to investigate whether camelina-based dietary sources—particularly whole camelina seeds—
could improve oxidative balance and immune function compared with palm oil
supplementation.

Materials and Methods: Thirty-two healthy male lambs (average age 3.5 months; initial body
weight 23.89 +0.48 kg) were used in an 84-day feeding trial using a completely randomized
design (CRD) with 4 treatments (control, 1.5% palm oil, 1.5% camelina oil, and 5% whole camelina
seeds) and with 8 lambs per treatment. The experimental diets included: (1) a basal diet without
oil supplement (control), (2) a basal diet supplemented with 1.5% palm oil, (3) a basal diet
supplemented with 1.5% camelina oil, and (4) a basal diet supplemented with 5% whole
camelina seeds. All Diets were formulated to meet or exceed the nutrient requirements of
fattening lambs according to NRC(2007).

At the end of the feeding period, blood samples were collected from the jugular vein before
morning feeding. Serum was separated and used to measure glutathione peroxidase (GPX)
activity, malondialdehyde (MDA) concentration, and total antioxidant capacity (TAC).
Specifically, GPX activity was used as an indicator of enzymatic antioxidant defense, MDA as
an indicator of lipid peroxidation, and TAC as an indicator of the overall antioxidant capacity
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of serum. Additionally, immune-related cytokines, including interleukin-2 (IL-2), interleukin
-6 (IL-6), and interleukin-10 (IL-10), were quantified using ELISA Kits.

Vital signs, including rectal temperature, respiration rate, and heart rate, were recorded weekly.
Data were analyzed using the GLM procedure of SAS software, and

Treatment means were compared using Duncan’'s multiple range test (DMRT) , and statistical
significance was declared at P<0.05.

Results and Discussion: Dietary treatments significantly affected the measured antioxidant
indices. Lambs receiving whole camelina seeds had the greatest GPX activity and TAC among
all groups, indicating an enhanced antioxidant defense capacity. The increase in GPX activity
may reflect enhanced enzymatic antioxidant defense against oxidative stress, while elevated
TAC values demonstrate a greater availability of non-enzymatic antioxidants in the serum.
Camelina oil supplementation also improved GPX and TAC relative to the control
group; however, the magnitude of improvement was consistently lower than that observed in
the whole seed treatment.

Notably, GPX activity in the palm oil group was higher than in the camelina oil group, yet this
was accompanied by the highest MDA concentration, suggesting that the elevated GPX in palm
oil-fed lambs may represent a compensatory response to increased oxidative stress rather than
an improved antioxidant status. The concentration of MDA followed an inverse pattern, with
the palm oil group exhibiting the greatest level of lipid peroxidation (3.15 ng/L), suggesting a
greater degree of lipid peroxidation. In contrast, both camelina oil and particularly camelina
seed treatments resulted in significantly reduced MDA concentrations, highlighting the
superior antioxidant protection offered by camelina-derived bioactive compounds.

Cytokine analysis revealed notable differences in immune response across treatments. Levels
of IL-6, a pro-inflammatory cytokine associated with stress and inflammatory processes, were
significantly higher in lambs fed whole camelina seeds (34.03 ng/L) compared to control and
palm oil groups. IL-2 concentrations did not differ significantly among treatments. In contrast,
IL-10 concentrations, representing anti-inflammatory immune activity, were lowest in the
camelina seed treatment, further suggesting a shift toward a more pro-inflammatory cytokine
profile under the conditions of the present study.

These findings suggest that camelina-derived dietary treatments may enhance antioxidant
defense without uniformly attenuating inflammatory responses; rather, it exerts a complex,
context-dependent immune modulation. The underlying mechanisms remain unclear and may
involve the high polyunsaturated fatty acid content or other bioactive compounds in camelina
seeds. This increase may indicate a shift toward a more pro-inflammatory cytokine profile
under the conditions of the present study. This response may be related to the high
polyunsaturated fatty acid content or other bioactive compounds in camelina seeds, although
the underlying mechanisms remain unclear.

Vital signs, including rectal temperature, respiration rate, and heart rate, remained within
normal physiological ranges throughout the experiment, and no significant differences were
observed among treatments (P > 0.05). Vital signs were not affected by dietary treatments (P
> 0.05); mean rectal temperature ranged from 38.8 to 38.9 °C, respiration rate from 26 to 28
breaths/min, and heart rate from 89 to 92 beats/min, all within normal physiological ranges for
sheep throughout the experiment. This confirms that all dietary interventions were well
tolerated.

The superior antioxidant performance of whole camelina seeds compared with camelina oil
may be related to the presence of additional bioactive components retained in the whole seed
but reduced or absent after oil extraction. This synergistic combination likely contributes to
enhanced antioxidant effects beyond those provided by camelina oil alone. However, it should
be noted that the comparison between whole camelina seeds (5%) and camelina oil (1.5%) was
not strictly iso-lipidic or iso-fatty acid, because whole seeds also contributed protein, fiber, and



additional bioactive compounds. Therefore, the observed differences may partly reflect
variations in nutrient intake beyond the oil fraction. Overall, palm oil, despite contributing extra
dietary energy, did not improve oxidative parameters and was consistently associated with
higher oxidative stress indicators compared to camelina treatments. The results collectively
emphasize the antioxidant value of camelina-based ingredients but also reveal a dissociation
between antioxidant capacity and anti-inflammatory action in fattening lambs.

Conclusions: The findings of this study demonstrate that supplementation with camelina
sources—particularly whole camelina seeds—effectively enhances serum antioxidant markers
in fattening lambs, as evidenced by increased glutathione peroxidase (GPX) activity and total
antioxidant capacity (TAC), alongside reduced malondialdehyde (MDA) concentrations.
Camelina oil also improved antioxidant markers, although to a lesser extent than whole seeds.
In contrast, palm oil supplementation was associated with higher oxidative stress markers and
provided no apparent benefit in the immune parameters evaluated. However, whole camelina
seeds also increased the pro-inflammatory cytokine IL-6 and decreased the anti-inflammatory
IL-10, whereas IL-2 remained unchanged, suggesting that the immune effects of camelina are
not uniformly anti-inflammatory. However, contrary to initial expectations, whole camelina
seeds significantly increased the pro-inflammatory cytokine IL-6 and decreased the anti-
inflammatory 1L-10, suggesting a shift toward a more pro-inflammatory cytokine profile.
Interleukin-2 (IL-2) remained unaffected by dietary treatments. However, contrary to initial
expectations, whole camelina seeds significantly increased the pro-inflammatory cytokine IL-
6 and decreased the anti-inflammatory IL-10, suggesting a shift toward a more pro-
inflammatory cytokine profile; IL-2 was not significantly affected by dietary treatments.
Camelina oil also improved antioxidant markers, although to a lesser extent than whole seeds.
In contrast, palm oil supplementation was associated with higher oxidative stress markers
and provided no apparent benefit in the immune parameters evaluated. These results suggest
that camelina seeds can improve serum antioxidant markers (increased GPX and TAC, reduced
MDA), but their effects on cytokine balance were not uniformly anti-inflammatory. Vital signs,
including rectal temperature, respiration rate, and heart rate, remained within normal
physiological ranges and did not differ significantly among treatments, confirming that the
dietary interventions were well tolerated by the animals. These results suggest that while
camelina seeds can serve as a valuable natural feed ingredient to support oxidative stability,
their immune effects are not uniformly anti-inflammatory and warrant further investigation into
optimal inclusion levels and long-term health outcomes in fattening lambs. It should be noted
that the comparison between whole camelina seeds (5%) and camelina oil (1.5%) was not
strictly iso-lipidic or iso-fatty acid, because whole seeds also contributed protein, fiber, and
additional bioactive compounds. Therefore, the superior antioxidant effects observed with
whole seeds may partly reflect differences in nutrient intake beyond the oil fraction. Further
studies with matched fat and fatty acid levels are warranted to isolate the specific effect of the oil form
and to determine optimal inclusion levels for long-term health outcomes. Overall, while camelina
seeds can serve as a valuable natural feed ingredient to support oxidative stability in fattening
lambs, their complex immune-modulating effects warrant further investigation. Future studies
with matched fat and fatty acid levels are necessary to isolate the specific effect of the oil
fraction and to determine optimal inclusion levels for long-term health outcomes.
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Table 1- Composition of feed ingredients and chemical/nutrient composition of experimental diets (percentage
of dry matter basis)
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Feed ingredients Experimental treatments (based on % dry matter)

sl o sy S s, Ll s
Control Palm Oil Camelina Oil Camelina Seed
o 10.00 10.00 10.00 10.00
Straw
s 20.00 20.00 20.00 20.00
Alfalfa
o b 15.00 15.00 15.00 15.00
Barley Seed
55 4l 16.00 16.00 16.00 16.00
Corn Seed
PS5 g 8.00 8.00 8.00 8.00
Wheat Bran
s i 8.00 8.00 8.00 8.00
Sugar beet pulp
by oS 8.00 8.50 8.50 6.90
Soybean Meal
Er 3 14.00 12.00 12.00 10.10
Poultry manure
Lebels el 0.00 0.00 0.00 5.00
Camelina seed
b o 0.00 1.50 0.00 0.00
Palm Oil
Ll o) 0.00 0.00 1.50 0.00
Camelina Oil
e g by oS 1.00 1.00 1.00 1.00

Vitamin-mineral supplement

Chemical composition (as % of dry matter)

Sy soly Jals &b o5 Lalols” 489, LlolS™ asls

Component Unit Control Palm Oil Camelina Oil Camelina Seed
s odle A 89.95 89.93 89.93 90.00

Dry Matter

redgiie J6 555 Mcallkg  2.35 2.44 2.44 2.40

Metabolizable Energy

PE oo . A 15.94 15.58 15.58 15.77

Crude Protein

gl 02293 3 Jolonali L 7 18.66 18.35 18.35 18.55

Acid detergent fiber
S edgb pd el LI

\ A 37.05 36.52 36.52 37.05
Neutral detergent fiber
Sl ojbas 7 3.81 5.07 5.07 8.30
Ether extract
Fus 7 8.70 8.30 8.30 8.02
Ash
S pf Sipg)S A 34.50 34.53 34.53 30.86

Non-fiber carbohydrates
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Vitamin and mineral supplement per kilogram: 8.5 g calcium, 5.5 g phosphorus, 2 g magnesium, 2.5 g sulfur,

60 mg manganese, 40 mg zinc, 12 mg copper, 0.5 mg cobalt, 80 mg iron, 0.3 mg selenium, 30 mg niacin,

vitamin A 8000 IU, vitamin D 1500 IU, vitamin E 50 U, and 10 g anionic salt.

Non-fiber carbohydrate (NFE) = 100 — (crude protein + neutral detergent fiber + ether extract + ash).
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Table 2- The effect of Experimental treatments on Antioxidant Indices in Fattening Lambs

o aoxiol 3 oialejl slolos
Parameters Experimental treatments Slsbl ot Jleas! pdaw
(53 o5 5b) als &b sy ldelS 584, Llels” SEM P-Value
(ng/l) Control Palm Oil CamelinaOil  Camelina Seed
STy 5lslS d b

i ) 118.75 131.25 125.50°¢ 135.502 1.168 < 0.0001
Glutathione peroxidase
223 pgle 2,55 3.15° 2.30° 2.15° 0.059 < 0.0001
Malondialdehyde
NLRE I B o
Total antioxidant 4738b 44.25¢ 4875ab 49.802 0.419 < 0.0001

capacity

P </ e0) tile doys g prdaw 53 Hl5 dme BB odimd L5 Cndy o 4D aliie ué gy ()b cla 1Sl
Sl 1 3,lulil slas : SEM
Means in rows with different superscripts differ significantly (P< 0.05)
SEM: Standard error of means

LakelS @15 jlags > (TAC) S huaT 5T cud s 5 (GPX) sy 0155658 cullad Sl ime Ly2al33
0394) Jo,995 95 (k> B polie (ggls LlolS aily ol 13 aio opl YL SlawnST 5] cud b onima ;Lis
L olsS 5 opl (Riaz et al, 2022)uc8 o Joo oSl 5 olgicds a5 can | S gid bS5 g (9,845 55— L5
e S1 3l slom 5T cdled Jal38l ol s S 3T E6> s s 5 3] slaJdl) (il (25

(Kumar, Kumar, & Prakash, 2008) 1545 _.o(GPX) jlawsTy (55645 il
5 b ol w81y ialS snimd i LlelS (ggls (slajloi > (MDA) sadll 6359llo )l sime LialS
i gls Gy celadans | g M STy a5 Jsea o (MDA) sall 63 5llo s | gl ST o i |
(Halliwell & Chirico, 1993 ) 395 o0 43,5 )i )3 gl ol (ol slge 4 ol cbale 5 sl Jolo
1 ls305lle Clale dasd (g L STy e b Ylais LilolS 29, 5 &y 53 (gab slag i ST 3T 5>



1S 3) Slykan (GODETT 6t al,2000) oy g 68 (sloeidly b zults ol el 0305 ,2alS 1, (MDA)
Sally dposl bsas )bl (o slopsl ale (U Slgioe oIl (89, slog > (MDA small soppglle 2ol
9y 4,51 b Lels 480, b duslie )3 xuie ol 53 (B lalawnS] 5T 349 pac g (uoyd ¥F— Fe dgus b
B oy Bpas il 56 glinns] ol b dblie ol ol polie bl sl J5 56555 5 Jg A58 5o ol
Ll 0394

Sglito oS 5 41 olgin |y g STl Gl padls o Lels 29 5 Lals il (ol o a2 LB Cgles
Y e 36565 aile (6,500 Jdcusj LS 5 (g9l €5y 0 0gMe LdolS” olS™ dild ol cu s mio 93 oyl
oS 3 Baes S yigy AT 5 4 el b (ela sy 51 s B it o pusd o LS cpmlio
SO)NM2 o (g5l Jled 50 )b 5l ales o bS5 cpl (Riaz et al., 2022) Ko o o505 b dilo 0 8L
ooyl 5> Jsls clablons g ST 1 sloy] ol waas o 1) (Jool (i85 oS El (gl S8
oial38 55 9 (GPX) sl (1986515 aiile oliy9)> sl (slay 3T S 5 (45 o o] 55105
Jedord io0 g B 58 55 sl bdes Labels (pdg) 238 sboxal alidlen 31 oS (ol —usi il cudilo
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.(HaIIiweII & Chirico, 1993)
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Table 3- The effect of Experimental treatments on Immune Response in Fattening Lambs

el Oislejl (slayles

Parameters Experimental treatments 51kl Jess! aw
(3 p55b) aals NS LlelS” 5, Llels” s SEM P-Value
(ng/l) Control Palm Oil Camelina Oil ~ Camelina seed
VoS P
45, 45.4 45, 46.4 A4 1

interleukin-2 (IL-2) 5.05 5.43 5.88 6.45 0.439 0.1965
5_‘—7@%1):;{1. 29.43¢ 30.20c 33.03b 34.03a 0.316 < 0.0001
interleukin-6 (IL-6)

. ol
ke 12.03¢2 10.68P 10.63° 10.50° 0.196 0.0004

interleukin-10 (IL-10)

P <] e0) tile oy g prdaw 3 5 dme WS odimd L5 Cndy o 4D aliie ué gy )b cla 1Sl
5l 1 3,lulil glas : SEM
Means in rows with different superscripts differ significantly (P < 0.05)
SEM: Standard error of means

loces i) pled g iS5 Stz 186 o plie 4 Jmd e (Lt jless o (IL-2) Y-S il s pas
Ll 9398 oo g podd Ju8 T (slacuuw 9ol baw o Baes (IL-2) V=S o) o) lacs 105 ((Jobo () T
(Tizard, 2000) 5,5 Jsko sl slaguwl )3 (gl

Mogharnasi, ) b e ]38l Coste o Sledl ) Zul )3 a5 sl el i (1S st S (IL-6) 5= S g) ]
o e ol i S g S$ lgie & (IL-6) £~ 8§ yiu) (Gaeini, & Sheikholeslami Vatani, 2009
o 4 G s &S (P < ofeeV) oy L]y clale oy i gyl e yob & () )0 £S5 950 «V/TY) Lulols il
SV (IL6 ) F= gl ko 55 Lol s, s 3 4ly (131 (121Y+) ol (589, 5 (YA/FY) 2l s
Oldllas x> o w1V Kol Shdlis gl p dwe adgl jllasl GMS 5 4l -l (YY/+F) cub b sals 4 Cons
o oo e oo (SLiE S it wile plaunlSe Gl SISl O (slas ] oS wlodls (LS it
w03 al8 |y ety S g Mg a3l el slansslisSl sy g NF-iB Sl
F= S o)yl sl 38l b LulelS” &y G pme ( yoge 53 i odaliie ()51 cpin yols dalllae 45 Lol (Calder, 2006)
b 5 BYs 4 sl Sae 45 54 ol o (IL-6)
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Table 4- The effect of Experimental treatments on vital signs in Fattening Lambs

J‘il‘}] sloylos
(ool 6 Experimental treatments 3,5kl Js! s
Parameters Jals b g, LulolS” 529 Llols™ 4l SEM P-Value
Control Palm Oil Camelina Oil  Camelina seed
(35 slo)egssy sled
Rectal temperature(centigrade)
e o) 38.79 38.73 38.91 38.73 0.125 0.6898
Day 0
YA s 38.93 38.95 39.00 38.81 0.164 0.8757
Day 28
& s 38.90 38.96 39.01 38.88 0.150 0.9188
Day 56
AY Jss 38.93 38.84 38.85 38.86 0.130 0.9669
Day 84

(4885 p> ,b) a5 dlass
Respiration Rate(per/minaute)

A ja) 28.13 28.13 28.13 28.00 0.436 0.9959
Day 0

YA s 2775 27.63 28.75 28.63 0.780 0.6646
Day 28

& o) 26.75 27.13 27.00 27.00 0.590 0.9751
Day 56

AY Jss 26.63 27.13 27.00 27.13 0.581 0.9213
Day 84

(4B o ,b)ds pbyo
Heart rate(per/minaute)
222 j9; 87.50 90.13 90.13 90.13 1.435 0.4993




Day 0

VA 39 90.88 93.00 89.00 91.88 1.630 0.3811
Day 28
5 s 89.25 90.75 90.50 89.25 1.748 0.9195
Day 56
AY 39 89.75 91.63 90.63 89.50 1.637 0.7951
Day 84

P < e0) Lilge oy gy grdaw 3 5 dme BB oy Uis Cndy o 4> wliio e gy (o) gla Sl
:55ke 51 5kl glas : SEM
Means in rows with different superscripts differ significantly (P < 0.05)
SEM: Standard error of means
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