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Abstract

This study aimed to investigate the influence of utilizing high levels of solvent extracted Camelina sativa meal (Camelina
sativa (L.) Crantz, Arslanbey cultivar) in broilers. A total of 270 Ross 308 male chicks were randomly distributed into five
groups. Solvent extracted Camelina sativa meal was used at the levels of 0, 10, 15, 20 and 25%. The trial lasted 42 days.
Significant linear reduction was observed in live weight gain, feed consumption, feed efficiency, European Production Effi-
ciency Factor, and carcass yield. The relative weight percentages of the heart, proventriculus, gizzard, and thyroid gland,
as well as the heterophils/lymphocyte ratio, serum total cholesterol, albumin, IgA, and IgG levels increased linearly with
the use of Camelina sativa meal in the diets. No significant changes were observed in free triiodothyronine (fT3) and free
thyroxine (fT4) hormone levels and fT3/fT4 ratio in serum and the counts of E. coli and Lactobacillus in the cecum. Dietary
Camelina sativa meal causes a significant reduction in villus height of the duodenum, jejunum, and ileum. It decreases the
villus height/crypt depth ratio in jejunum and ileum and also the digestibility values of dry matter, crude protein, and energy.
It is concluded that high levels (10, 15, 20, and 25%) of solvent extracted Camelina sativa meal were not suitable feedstuffs
for broiler production.
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Introduction

Camelina sativa (L.) Crantz (false flax, gold-of-pleasure)
is a promising oilseed plant having industrial potential due
to the usage in the production of biopolymers, biofuels,
cosmetics, agrochemicals, food, and feed (Singh et al.
2023). Recently, camelina has gained importance in terms
of increasing its seed weight and seed yield, reducing anti-
nutritional factors, and improving lipid quality (Zanetti
et al. 2021). Unfortunately, camelina expellers had 70.3 g/
kg soluble non-starch polysaccharides, 1.60 mg/g tannins,
32.8 g/kg erusic acid (as a proportion of total oil), 500 mg/
kg allyl-isothiocyanate, and 4.24 units/g trypsin inhibitor
(Cerisuelo et al. 2023). Meza et al. (2022) determined the
concentration of average total glucosinolates (GSLs) to be
8.39 mg/g in camelina seeds and 15.95 mg/g in the defat-
ted camelina meal. Pagliari et al. (2022) reported the con-
centration of total GSLs as 5.69 mg/g in camelina-defat-
ted meals. The range of phytic acid content was between
21.0 and 24.8 g/kg and sinapine content was found to be
2.19-3.21 g/kg in ten solvent extracted Camelina sativa
meal samples (Colombini et al. 2014). The most impor-
tant antinutritive compounds in camelina meal are GSLs,
which are unpalatable and affect especially thyroid func-
tion (Tripathi and Mishra 2007). High levels of erusic acid
may cause fatty acid degeneration of the heart, adrenal
gland, kidney and thyroid (Budin et al. 1995). Camelina
sativa meal is high in protein. Colombini et al. (2014)
evaluated ten solvent extracted Camelina sativa meal
samples and found that the meal contained 42.0-48.4%
crude protein (CP), 4.17-9.33% ether extract (EE) and
5.85-6.67% ash on a dry matter (DM) basis. However, the
nutrient profiles of Camelina sativa meal can vary due to
cultivar, season, and other agronomic factors such as soil
type and processing method (Cherian 2012).

Camelina sativa has previously been used in the broiler
diets (Ryhanen et al. 2007; Pekel et al. 2009, 2015; Aziza
et al. 2010; Thacker and Widyaratne 2012). In these stud-
ies, Camelina sativa meal/cake used in the diets was
produced after pressing without solvent extraction and
therefore it contains oil higher than 6%. The content of
antinutritional factors might be affected by production
techniques. Pekel et al. (2015) determined that the effects
of 10% and 20% camelina meal have the effect of about
13% EE for 3-week-old broilers, that high viscosity in
jejunal digesta was demonstrated and that utilization of
energy and nitrogen in camelina meal by broilers is low;
that may be due to the total GSLs content. Oryschak et al.
(2020) stated that dietary inclusion (up to 24%) of Camel-
ina sativa cake having 34% CP and 22% EE is a safe feed
ingredient for broilers, with no negative impact on their
health. However, there is a lack of information on the use
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of high levels of solvent extracted Camelina sativa meal
(CSM) containing less than 3% oil in broilers. In Turkey,
Camelina sativa seeds are used for biodiesel production,
and solvent extraction technique by hexane is used to
extract oil. The residual meal contained oil less than 3%.
We hypothesized that solvent extracted CSM could par-
tially replace soybean meal/fullfat soya as a protein sup-
plement in broiler diets at the inclusion levels of 10, 15,
20 or 25%. Therefore the effects of the usage of high levels
of solvent extracted CSM on growth performance, blood
indices, cecal microorganisms, intestinal histomorphology,
and nutrient digestibility in broilers were examined in the
present study.

Materials and methods

All animal care and use procedures were approved by the
Animal Ethics Committee of Ankara University, Turkey
(2019-6-62).

Experimental design and diets

A total of 270 Ross 308 male broiler chicks were randomly
assigned to five groups, with each group comprising 54
chicks. Chicks were spray-vaccinated in the hatchery before
arrival. The formulations of diets were designed according to
the Ross 308 breeding catalogue (Aviagen Inc. 2014). Accord-
ingly, a starter diet of 23% CP and 3000 kcal/kg metabolizable
energy (ME) for 0-10 days of age, a grower diet of 21.5%
CP and 3100 kcal/kg ME for 10-24 days of age, and a fin-
isher diet of 19.5% CP and 3200 kcal/kg ME for 2442 days
of age were prepared as presented in Table 1. The control
group diet was prepared based on maize and soybean meal/
fullfat soya. The diets were formulated to contain 0, 10, 15,
20, and 25% Camelina sativa meal. CSM was obtained from
the oil extraction of Camelina sativa (Camelina sativa (L.)
Crantz, Arslanbey cultivar registered by Field Crops Central
Research Institute in Turkey) for biodiesel. In the first stage
of oil extraction, pre-cleaning of Camelina sativa seeds was
done, and then the seeds were crushed by passing through
the rollers into flakes. Afterwards, the flakes were transferred
to the pan having a temperature of 8090 °C at the top of
the 5-layered pans. Water vapour was sprayed on the flakes
and the moisture content was increased to 16—18%. The
flakes come from the top pan to the bottom pan by roasting
in 20-30 min. This material from the bottom pan, which is at
a temperature of 110-115 °C and 4-4.5% moisture, is poured
into the press. The amount of oil remaining was about 8-10%
in the cake after being squeezed in presses. Then it was sent
to the extractors and extracted by using hexane. The amount
of oil in the obtained extracted meal was less than 3%.
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Table 1 Ingredients and chemical composition of the diets* (as-fed basis)
Ingredients (%) Starter (0-10 days) Grower (10-24 days) Finisher (2442 days)

Solvent extracted CSM (%) Solvent extracted CSM (%) Solvent extracted CSM (%)

0 10 15 20 25 0 10 15 20 25 0 10 15 20 25
Maize 52.62 48.42 46.18 44.03 4193 55.09 50.57 48.50 46.49 4453 58.93 54.80 52.81 50.85 48.82
Fullfat soya (37% CP) 13.14 21.12 2490 26.71 2640 19.78 26.51 26.77 25.12 22.51 2036 1996 17.52 15.19 13.67
Soybean meal (47% CP) 29.48 1570 9.04 393 051 2053 792 403 164 000 1541 836 659 473 224
CSM (37.88% CP) 0.00 10.00 15.00 20.00 25.00 0.00 10.00 15.00 20.00 25.00 0.00 10.00 15.00 20.00 25.00
Soya oil 0.00 0.00 0.12 057 140 0.00 040 1.10 215 336 100 258 378 493 5097
Monocalcium phosphate  2.00 2.00 2.00 2.00 2.00 2.00 200 200 200 200 190 190 190 190 1.90
Limestone .50 150 150 150 150 140 140 140 140 140 130 130 130 130 1.30
Salt 025 025 025 025 025 025 025 025 025 025 025 025 025 025 025
Sodium bicarbonate 0.10 0.to o0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
DL-Methionine 0.30 030 030 030 030 030 030 030 030 030 025 025 025 025 025
L-Lysine 020 020 020 020 020 020 020 020 020 020 0.15 015 0.15 0.15 0.15
Threonine 0.10 o0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin premix® 0.15 0.15 015 015 0.15 015 015 015 0.15 0.15 0.5 0.15 0.15 0.15 0.15
Mineral premix® 0.10 0.10 0.10 0.10 0.10 0.10 0.1 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Anticoccidial?® 0.06 006 0.06 0.06 0.06
Chemical composition (analyzed values)
Dry matter (%) 90.82 91.07 90.10 91.34 90.40 90.86 91.09 91.12 90.06 90.45 90.81 91.21 91.29 90.49 90.72
Crude protein (%) 23.08 23.12 23.10 2296 23.03 2149 21.55 21.56 21.51 21.48 19.42 19.48 19.44 19.43 1945
Ether extract (%) 506 633 742 817 880 642 810 885 945 998 7.57 888 9.39 10.19 10.71
Crude fibre (%) 3,66 427 457 490 512 355 414 436 467 489 332 393 4,06 432  4.60
Crude ash (%) 639 641 643 657 668 610 6.16 630 638 642 577 5838 599 6.08 6.10
Calcium (%) 122 123 123 123 124 118 119 119 119 120 107 108 1.09 1.08 1.09
Phosphorus (%) 0.74 075 076 076 0.76 0.68 068 068 0.69 0.69 065 066 066 0.66 0.67
ME? (kcal/kg) 3006 2998 3000 3000 3004 3110 3102 3106 3102 3105 3209 3204 3202 3202 3200
Viscosity (cP) 028 035 038 039 042 031 033 034 036 039 033 039 042 044 047

CSM Camelina sativa meal, ME metabolizable energy

%1% celite was added to each mixed feed to determine digestibility of nutrients

® 1.5 kg vitamin premix contains 11.000.000 IU vitamin A, 3.500.000 IU vitamin D5, 100 g vitamin E, 3 g vitamin K;, 3 g vitamin B, 6 g vita-
min B,, 15 g calcium D pantothenate, 1 g vitamin B, 35 g niacin, 1.5 g folic acid, 200 mg biotin ve 20 mg vitamin B,,

°1 kg mineral premix contains 30 g copper, 120 g manganese, 110 g zinc, 2 g iodine, 300 mg selenium, 50 g iron

dSalinomycin
¢Calculated

Each group had six subgroups containing 9 chicks each.

Analysis of Camelina sativa meal and diets

Thus, a trial was conducted in a total of 30 pens (90 X 80 cm).
Wood shavings were placed in each pen as litter. Feed and
water were provided for ad libitum consumption and the diets
were presented in mash form. The trial lasted 42 days. A 23-h
light and 1-h dark period was applied in the first week of the
trial. After the first week, the lighting will be gradually reduced
within five days to an 18-h light and 6-h dark program.

The nutrient compositions of solvent extracted CSM and
diets were determined according to the AOAC (2000).
Metabolizable energy values were estimated based on the
methodology described by Yalcin et al. (2008). Calcium
and phosphorus levels were determined (King and Sheri-
dan 2019) with ICP-MS (Agilent 7700 X ICP-MS). Total
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GSLs (Mawlong et al. 2017), and sinapin (Cai and Arnt-
field 2001) levels of CSM were analyzed.

Growth performance

The live weights of the birds were determined by weighing
them individually at the beginning of the study (day 0), at
the times when the feed was changed (days 10, 24), and at
the end of the trial (day 42). Weight gain was determined by
calculating the differences between initial and final weights.
Feed intake was measured on a subgroup basis, and the feed
conversion ratio (FCR) was expressed as the amount of feed
consumed per kilogram of weight gained. Daily monitor-
ing of the birds was conducted, and livability, along with
European Production Efficiency Factor (EPEF) values, was
computed following the method outlined by Onbasilar et al.
(2023).

Slaughtering and collection of samples

On the 24th day of the experiment, six broilers from each
group were slaughtered by severing the jugular vein for
histomorphological evaluation. Duodenum, jejunum, and
ileum segments were removed from their mid points, flushed
with physiological saline solution, and submerged in 10%
formalin solution.

On the 42nd day of the experiment, 12 broilers from each
group were weighed, and blood samples were collected from
the wing vein into two vacuum tubes (with EDTA and with-
out anticoagulant). They were slaughtered by severing the
jugular vein. Hot carcasses, liver, proventriculus, gizzard,
spleen, heart, thyroid gland, and abdominal fat were weighed
to determine the carcass yield and relative weights of inter-
nal organs. The digesta contents of the jejunum and ileum
were collected into tubes to determine viscosity. The cecal
content of the birds was taken into sterile tubes for molecular
analysis of bacterial community structure using HRM and
QPCR methods, They were stored at —80 °C until analyzed.

Determination of nutrient digestibility and analysis

The digestive ratios of DM, gross energy, and CP were
determined using the external inert marker according to
the method of Wetherbee and Gruber (1993). Celite as an
inert marker was added at the level of 1% to the diets. Clean
excreta (free from feathers, feed, and litter) were collected
on days 9 and 10, 24 and 25, and 41 and 42 by placing plas-
tic material above litter in each pen for one hour each time.
Samples collected 4 times (2 in the morning and 2 in the
afternoon) were stored at —18 °C. Analyses were determined
as reported by Aziza et al. (2013).
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Viscosity analysis

Jejunal and ileal digesta samples were homogenized and
centrifuged at 5.000 X g for 20 min at 4 °C. Then superna-
tants were taken into eppendorf tubes and centrifuged at
12.000 x g for 10 min at 4 °C. A 0.5 ml sample of the super-
natant was used to measure viscosity using a viscometer
(model DV-II + Pro, Brookfield Digital Viscometer, Brook-
field Engineering Laboratories Inc., Stoughton, MA, USA)
in centipoise (cP) as stated by Yalgin et al. (2017).

Histological analysis

Intestinal segments were processed for morphological anal-
ysis following the methods described by Onbasilar et al.
(2024). Measurements of villus height (VH, from the tip
of the villi to the villus-crypt junction), villus width (at the
mid-point of the villi), and crypt depth (CD, the depth of the
invagination between adjacent villi) were performed using
a Leica DM2500 microscope with Leica Application Suite
V4.12.0 software. Ten well-oriented villus-crypt units per
intestinal sample were randomly selected and measured. The
villus height to crypt depth ratio (VH/CD) was then calcu-
lated for each sample.

Microbiological analysis

The cecal samples were pretreated to remove dead cell DNA
present in the samples, thus only live bacterial species were
included in the analysis (Villarreal et al. 2013). Then, total
DNA was isolated from the samples. HRM analysis was
applied to the isolated DNA to reveal the bacterial com-
munity profiles of the samples. gPCR was applied to the
isolated DNA to determine the total bacteria, Lactobacil-
lus, Enterococcus, and E. coli counts present in the samples
(Livak and Schmittgen 2001).

Analysis of blood samples

Blood in the tubes containing EDTA was collected to deter-
mine some haematological parameters after sampling. The
microhaematocrit technique was used for haematocrit (HTC)
determination (Gebretsadkan et al. 2015) and hemoglobin
(Hb) was measured by the Sahli method (Patil et al. 2013).
The leukogram technique was performed to express the per-
centages of heterophiles (H), lymphocytes (L), eosinophiles,
basophiles, and monocytes (Panhwer et al. 2016). Then the
ratio of H/L was calculated. Blood samples without anti-
coagulant were centrifuged at 3220xg for 8 min and serum
was removed for analysis of total protein (Otto Scientific,
OttoBC154), albumin (Otto Scientific, OttoBC123) total
cholesterol (Otto Scientific, OttoBC135), triglycerides (Otto
Scientific, OttoBC155), total antioxidant status (TAS, Rel
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Assay, RL0O017) and total oxidant status (TOS, Rel Assay,
RL0024) were determined with an autoanalyzer (Mindray-
BS400). Oxidative stress index (OSI) was calculated as
described by Ramay and Yalg¢in (2020). Free triiodothy-
ronine (fT3, Elabscience, E-EL-0079) and free thyroxine
(fT4, Elabscience, E-EL-0122) levels were determined with
ELISA (microplate reader: BIO-TEK ELx800-Aotu strip
washer: BIO TEK ELx50). The ratio of fT3/fT4 was calcu-
lated. Immunoglobulin G levels (IgG, BT-LAB, E0019Ch)
were determined with ELISA (microplate reader: BIO-TEK
ELx800-Aotu strip washer: BIO TEK ELx50). Levels of
Immunoglobulin A (IgA, Otto Scientific, OttoBC146) and
Immunoglobulin M (IgM, Otto Scientific, OttoBC149) were
determined with an autoanalyzer (Mindray-BS400).

Statistical analysis
Statistical analyses were conducted using SPSS software

(SPSS Inc., Chicago, IL, USA). Data distribution was
assessed for normality with the Kolmogorov—Smirnov test.

To evaluate the impact of varying CSM levels on different
parameters, one-way ANOVA was employed. Mean differ-
ences among groups were examined using Tukey’s test. Lin-
ear and quadratic effects were analyzed using polynomial
contrasts. Data on microorganisms were first converted to
logarithm and then analyzed as in other data above. The
level of significance was taken as p <0.05 (Dawson and
Trapp 2001).

Results

As aresult of the analysis made, it was found that Camelina
sativa (Arslanbey cultivar) meal had 90.95% DM, 37.88%
CP, 2.61% EE, 10.80% crude fibre, and 6.34% crude ash.
CSM had 26.84 pmoles/g total GSLs and 2036 mg/kg
sinapin.

A statistically significant linear reduction (p <0.001) was
observed in live weight, live weight gain, and feed consump-
tion in broilers starting from day 10 with the use of different

Table 2 Effects of high levels of solvent extracted CSM on performance parameters in broilers

Day Solvent extracted CSM (%) p value
0 10 15 20 25 Combined Linear Quadratic
Live weight (g)
0 42.93+0.15 42.92+0.13 42.82+0.15 42.97+0.16 42.90+0.12 0.958 0.984 0.788
10 230.69+3.250  221.92+2.05%®  223.40+2.44®  216.65+2.78" 196.71 +£2.68° <0.001 <0.001 0.005
24 970.14+13.46°  877.55+13.01" 839.73+16.17* 795.66+13.31°  722.41+14.50° <0.001 <0.001 0.544
42 2859.18+46.84° 2612.48+46.47° 2468.68+37.87° 2258.34+32.48° 1965.55+49.37¢ <0.001 <0.001 0.333
Live weight gain (g/period)
10-0 187.76 £3.19* 179.00+2.00°  180.58+2.36®  173.68+2.83° 153.81+2.66° <0.001 <0.001 0.004
24-10 739.45+10.74°  655.63+11.67° 616.34+1527" 579.01+11.24° 525.71+12.09¢ <0.001 <0.001 0.181
24-0 92721 +13.36° 834.63+12.93° 796.91+16.09* 752.69+13.28°  679.51+14.49¢ <0.001 <0.001 0.544
42-24 1889.04 +35.14* 1734.93+35.94° 1628.95+25.64° 1462.68+23.50° 1243.14+36.75¢ <0.001 <0.001 0.120
42-0 2816.25+46.74* 2569.56+46.42° 2425.86+37.75° 2215.37+32.46° 1922.65+49.37¢ <0.001 <0.001 0.332
Feed consumption (g/period)
10-0 264.49+4.16  251.30+3.14° 252.24+3.33° 247.35+3.19° 227.21+3.43¢ <0.001 <0.001 0.038
24-10 1129.59+14.36% 1066.29+12.44° 1045.55+13.84° 102540+17.44>  961.79+19.73° <0.001 <0.001 0.243
24-0 1394.08 +18.01* 1317.60+12.85° 1297.79+14.40° 1272.75+19.45> 1189.00+22.76° <0.001 <0.001 0.141
42-24 3131.19+£18.29* 3058.87+19.28° 3055.20+21.35" 3033.51+15.09* 2982.62+15.81° <0.001 <0.001 0.222
42-0 4525.26+36.16% 4376.47+26.13° 4352.99+34.15° 4306.27+21.38° 4171.63+35.80° <0.001 <0.001 0.110
Feed conversion ratio (kg feed intake/kg live weight gain)
10-0 1.41+0.01° 1.40+0.02° 1.40+0.01° 1.42+0.01° 1.48+0.01* 0.001 0.001 0.004
24-10 1.53+0.01° 1.63+0.03¢ 1.70+0.03¢ 1.77+0.01° 1.83+0.02* <0.001 <0.001 0.272
24-0 1.50+0.01° 1.58+0.02¢ 1.63+0.02° 1.69+0.01° 1.75+0.01* <0.001 <0.001 0.682
42-24 1.66+0.02 1.77+0.03% 1.88+0.05° 2.08+0.04° 241+0.06* <0.001  <0.001 0.001
42-0 1.61+0.02° 1.71+0.03¢ 1.80+0.02° 1.95+0.02° 2.18+0.04* <0.001 <0.001 0.003
Livability (%) 100.00+0.00 100.00+0.00 98.41+1.59 100.00+0.00 98.41+1.59 0.566 0.325 0.380
EPEF (%) 42393 +11.23° 365.82+12.67° 32291+11.22° 276.88+7.39¢ 212.52+9.32° <0.001 <0.001 0.607

n=06 for each group, values within a row with different superscripts (a, b, c, d, e) differ significantly at p <0.05

CSM Camelina sativa meal, EPEF European production efficiency factor
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levels of solvent extracted camelina meal in diets as seen in
Table 2. The values of live weight and live weight gain in the
groups fed solvent extracted CSM were lower than those of
control group after 24th day of the experiment (p <0.001).
The CSM groups consumed less feed than the control group
during the experiment (p <0.001). The use of 10, 15, 20, and
25% solvent extracted camelina meal in the diets negatively
(p <0.001) affected feed utilization and EPEF. There was
one death in each group containing 15 and 25% camelina
meal during the experiment, and pathological examination
revealed that the deaths were not related to feed.

Effects of high levels of solvent extracted CSM on carcass
yield and some relative organ weights are shown in Table 3.
Significant linear reduction (p <0.001) in carcass yield was
observed with increasing levels of dietary CSM. The use of
solvent extracted CSM at 10, 15, 20, and 25% levels in the
diets did not create any statistically significant differences
in the relative weight percentages of liver, spleen, bursa
Fabricius, and abdominal fat. The relative weight percent-
age of the heart (p =0.009), proventriculus (p <0.001), giz-
zard (p <0.001), and thyroid gland (p =0.002) was found to
increase linearly with the use of camelina meal in the diets.

Effects of high levels of solvent extracted CSM on
some haematological parameters and some blood serum
biochemical indices were shown in Table 4. The use of
high levels of solvent extracted camelina meal in diets
did not cause any difference in haematocrit, haemoglo-
bin, heterophils, eosinophils, basophils, and monocytes
in the blood. As CSM increased in the diet, lymphocyte
concentration in the blood decreased (p =0.009) and the
heterophil/lymphocyte ratio increased (p =0.026). The use
of camelina meal at 0, 10, 15, 20, and 25% levels in the

diets did not cause any differences among the groups in
TAS, TOS, OSI, total protein, and triglyceride in blood
serum. Total cholesterol and albumin levels in serum were
increased by CSM inclusion (p < 0.001). Serum IgA and
IgG increased as the level of solvent extracted camelina
meal in the diet increased (p <0.05), while serum IgM
levels were not affected by increasing levels of dietary
CSM. The presence of different levels of solvent extracted
camelina meal in the diets did not cause any difference in
fT3 and fT4 hormone levels and fT3/fT4 ratio in serum.

While no difference was observed in the counts of
E. coli and Lactobacillus in the cecum, significant dif-
ferences (p <0.05) were observed between the groups in
total bacteria and Enterococcus counts (Table 5). The use
of solvent extracted CSM at 10, 15, 20, and 25% levels
led to an increase in the number of Enterococcus in the
cecum (p < 0.001). Linear and quadratic effects (P < 0.05)
were also seen in the counts of total aerobic bacteria, E.
coli, and Enterococcus in the cecum. As seen in Table 5, a
significant linear increase (p =0.001) was detected in the
viscosity of ileum and jejunum digesta with the increasing
levels of CSM in the diet.

The use of solvent extracted camelina meal resulted in
a reduction (p <0.001) in villus height of the duodenum,
jejunum, and ileum (Table 6). No change was observed in
crypt depths of the duodenum, jejunum, and ileum. The
villus height/crypt depth ratio decreased in the jejunum,
and ileum with the use of solvent extracted camelina meal,
however, no changes were observed in the duodenum
among groups. Linear effects were seen in villus height
and the ratio of VH/CD of the duodenum, jejunum, and
ileum.

Table 3 Effects of high levels of solvent extracted CSM on carcass yield and some relative organ weights in broilers

Item (g/100 g  Solvent extracted CSM (%) p-value

SW) 0 10 15 20 25 Combined Linear Quadratic
Carcass yield ~ 62.78+0.44% 61.81+0.45% 61.02+0.33% 59.36+0.43¢ 59.08+0.35°  <0.001 <0.001 0.402
Liver 1.89+0.04 1.76 +0.03 1.80+0.04 1.86+0.04 1.84+0.03 0.118 0.063 0.076
Spleen 0.107 £0.008 0.113+0.005 0.117+0.006 0.119+0.007 0.119+0.007 0.635 0.147 0.533
Heart 0.427+0.012°  0.441+0.011®®  0.485+0.017*°  0477+0.012®*  0.463+0.011® 0.010 0.009 0.026
Bursa Fabricius ~ 0.169 +0.007 0.174+0.011 0.191+£0.012 0.182+0.009 0.201+£0.008 0.124  0.019 0422
Proventriculus ~ 0.343+0.012°  0.399 +0.009° 0.424+0.014®  0.439+0.013®  0.457+0.013* <0.001 <0.001 0.071
Gizzard 1.25+0.03° 1.30+0.03% 1.36+0.04% 1.45+0.05* 1.44+0.06* 0.007 <0.001 0.595
Abdominal fat ~ 1.46+0.08 1.29+0.06 1.33+0.06 1.31+0.08 1.29+0.10 0469  0.186 0.400
Thyroid gland  0.0095 +0.0007°  0.0098+0.0005®  0.0107+0.0007 0.0107+0.0004* 0.0122+0.0007*  0.028 0.002 0477

n=12 for each group, values within a row with different superscripts (a, b, c) differ significantly at p <0.05

CSM Camelina sativa meal, SW slaughtering weight
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Table 4 Effects of high levels of solvent extracted CSM on some hematological parameters and some blood serum biochemical indices in broil-

€rs

Item Solvent extracted CSM (%) p value
0 10 15 20 25 Combined Linear Quadratic

Hematological parameters
Hematocrit (%) 32504093 32334067 32.75+0.78 3225+0.63  31.50+0.74 0.820 0.389  0.466
Hemoglobin (g/dl) 10.13+0.63 11.76+046  11.89+0.56 11.54+0.66  11.40+0.62 0.233 0216 0.073
Heterophiles (%) 39.92+2.64 40.08+2.48 43.69+2.07 44.09+2.00  4552+2.06 0.304 0.038  0.928
Lymphocytes (%) 59.75+2.61* 57.17+2.06® 51.58+2.08° 50.58+2.24°  49.92+2.28" 0.009 0.001  0.325
H/L 0.70+£0.07°  0.72+0.05°  0.88+0.07° 0.89+0.05®  0.94+0.06* 0.026 0.002 0.571
Eosinophiles (%) 4184034 4434039 4594039  4.75+0.49 5.53+0.37 0.182 0.021 0485
Basophiles (%) 1.58+0.13  1.68+0.13 1.73+0.15  1.88+0.13 1.91+0.19 0.464 0.066  0.904
Monocytes (%) 4174048 4434052 4434033  4.79+0.34 480+0.41 0.801 0229 0.921

Blood serum biochemical indices
TAS (mmol/L) 1324006 1.41+004  144+004  1.43+0.07 1.39+0.06 0.587 0372  0.163
TOS (umol/L) 6.89+0.52  6.95+033  692+0.44  6.93+0.27 6.97+0.43 0.999 0912  0.994
0sI 0.53+0.04 050+0.03  049+0.04  0.50+0.03 0.51+£0.03 0919 0.687 0.399
Total cholesterol (mg/dl)  87.50+3.62° 94.57+2.88% 99.43+238" 95.86+2.33" 101.14+2.17° 0.008 0.002 0.244
Total protein (g/dl) 4.80+0.06 4.86+0.05  4.83+0.05  4.79+0.04 478+0.04 0.656 0.448 0.334
Albumin (g/dl) 23540.03° 247+0.04* 248+0.02°  2.49+0.03 2.48+0.03* 0.005 0.004 0.021
Triglyceride (mg/dl) 32794277 39.86+242 34864213 41294230 35714290 0.107 0.079  0.092
IgA (mg/dl) 2.05+025° 259+0.18° 278+0.17*°  2.79+0.11% 2.81+0.18* 0.020 0.004 0.082
IgM (mg/dl) 348+0.15 3.78+024 3274026  3.08+0.27 3.62+0.23 0.246 0.166 0.117
IgG (ug/ml) 251+0.19°  291+026® 3.08+023® 298+0.29"  3.88+0.25* 0.005 0.001 0.235
fT3 (pg/ml) 11.60+0.37 11.0940.33  11.55+040 11354049  11.57+0.50 0.903 0.797 0.615
fT4 (pg/ml) 16.66+0.78 17.00+£0.67 17.75+073 17.58+0.50  18.09+0.56 0.544 0.102 0.816
fT3/fT4 0.70+£0.02  0.66+0.01 0.66+0.02  0.65+0.02 0.64+0.02 0.143 0.024 0302

n=12 for each group, values within a row with different superscripts (a, b) differ significantly at p <0.05

CSM Camelina sativa meal, H/L the ratio of heterophiles to lymphocytes, TAS total antioxidant status, 7OS total oxidant status, OSI oxidative
stress index, /gA Immunoglobulin A, /gM Immunoglobulin M, IgG Immunoglobulin G, fT3 free Triiodothyronine, f74 free Thyroxine

Table 5 Effects of high levels of solvent extracted CSM on cecal microorganisms and intestinal viscosity in broilers

Item Solvent extracted CSM (%) p value
0 10 15 20 25 Combined Linear Quadratic
Cecal microorganisms (log;,cfu/g)
Total aerobic bacteria ~ 6.87+0.08°  7.19+0.06® 7.21+0.10° 7.13+0.11*  6.90+0.07* 0.010 0.004  <0.001
E. coli 4.18+0.12  4.53+0.10 4.58+0.09 441+0.12 4.23+0.13 0.064 0.032 0.004
Enterococcus 4.06+033° 567+028  538+0.15% 559+0.17°  5.32+0.12° <0.001 <0.001 <0.001
Lactobacillus 4.87+0.09 5.39+0.13 5.33+0.13 5.28+0.17 5.20+0.18 0.100 0.093 0.030
Viscosity (cP)
Jejunum 0.70£0.03¢  1.13£0.08° 1.72+0.09°  1.85+0.09°  2.42+0.08° <0.001 <0.001 0.052
Ileum 0.71+0.05°  1.44+0.09¢ 1.91+0.09° 244+0.09°  2.92+0.09° <0.001 <0.001 0.159

n=12 for each group, values within a row with different superscripts (a, b, c, d, e) differ significantly at p <0.05

CSM Camelina sativa meal
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Table 6 Effects of high levels of solvent extracted CSM on intestinal histomorphology in broilers

Item Solvent extracted CSM (%) p-value
0 10 15 20 25 Combined Linear Quadratic
Duodenum
Villus height (um) 1601.74+6.70* 1567.2+5.98° 1568.76+6.16° 1534.40+9.59° 1531.18+7.85° <0.001 <0.001 0.097
Crypt depth (um) 132.73 +1.81 136.06 £2.47 136.39+2.86 133.06+£1.99  136.14+2.091 0.701 0.589 0.429
VH/CD 12.08+0.14 11.54+0.23 11.53+0.24 11.55+0.21 11.28 +0.27 0.167 0.031 0.499
Jejunum
Villus height (um)  926.03+9.37*  872.43+9.29° 870.24+9.69° 862.03+8.80° 847.43+7.52° <0.001  <0.001 0.042
Crypt depth (um) 152.86+2.29  155.44+2.22 155.33+2.55 152.86 +2.29 149.27+1.77 0.313 0.180 0.092
VH/CD 6.06+0.08" 5.62+0.10°  5.61+0.10° 5.65+0.10° 5.68+0.06°  0.006 0.014 0.006
Tleum
Villus height (um) ~ 607.86+6.11*  571.19+4.71° 570.39+3.93° 553.53+4.63° 554.02+5.82° <0.001  <0.001 0.005
Crypt depth (um) 140.31+1.78 140.80+1.05 142.12+1.08 140.21+1.33 138.73+1.48 0.543 0.397 0.175
VH/CD 4.33+0.03* 4.06+£0.04°  4.02+0.04° 3.95+0.06 4.00+£0.04° <0.001  <0.001 0.001
n=06 for each group, values within a row with different superscripts (a, b, ¢) differ significantly at p <0.05
CSM Camelina sativa meal, VH/CD villus height /crypt depth
Table 7 Effects of high levels of solvent extracted CSM on diet digestibility in different periods in broilers
Item Solvent extracted CSM (%) p-value
0 10 15 20 25 Combined  Linear Quadratic
0-10 day
DMD (%)  71.58+0.74*  65.28+0.80° 59.38+0.80° 58.90 +0.74¢ 56.84+0.79° <0.001 <0.001 <0.001
CPD (%) 70.23+0.63*  66.55+0.90* 59.14+0.99° 58.63+0.94° 56.64 +0.98° <0.001 <0.001 0.005
GED (%) 71.97+0.86°  65.72+0.80" 61.59+0.99° 60.85+0.89%  57.86+0.58¢ <0.001 <0.001 0.004
10-24 day
DMD (%)  69.39+0.69*  65.55+0.79" 62.16+0.85° 58.77+0.77¢ 58.28 +0.66¢ <0.001 <0.001 0.025
CPD (%) 71.09+0.95°  68.68+0.72®°  65.52+0.81*  63.32+0.89° 59.69 +0.90¢ <0.001 <0.001 0.649
GED (%) 71.97+0.62°  67.11+0.86" 64.04+0.87  62.06+0.99 60.96 +0.55° <0.001 <0.001 0.007
24-42 day
DMD (%)  70.95+0.54*  66.78+0.87° 64.45+091%  63.03+0.81¢ 56.40+0.74¢ <0.001 <0.001 0.022
CPD (%) 6591+136° 63.07+1.00°  5851+1.50°  57.34+1.39° 51.71+1.18¢ <0.001 <0.001 0.402
GED (%) 75824038  71.62+0.78° 69.91+0.78° 69.86+0.67° 63.95+0.44° <0.001 <0.001 0.001

n=06 for each group, values within a row with different superscripts (a, b, c, d) differ significantly at p <0.05

CSM Camelina sativa meal, DM dry matter, DMD dry matter digestibility, CPD crude protein digestibility, GED gross energy digestibility

It is seen in Table 7 that increasing the dietary camel-
ina meal linearly decreased (p <0.001) the DM, CP, and
gross energy digestibility in each of the periods in the
experiment.

Discussion

Camelina sativa meal used in the present study was
obtained after oil extraction for biodiesel production;
therefore its oil content is low. GSLs form in the meal is
important for the toxicity. Long-chain GSLs are predomi-
nant in Camelina sativa products, and they do not induce
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toxic effects as those found in rapeseed (Matthaus and
Zubr 2000; Oryschak et al. 2020). The level of total GSLs
in the Arslanbey cultivar of camelina meal was found to
be lower than the findings of some researchers determined
in camelina and camelina products (Woyengo et al. 2016;
Oryschak et al. 2020), higher than Ryhanen et al. (2007)
and seen within the range of findings that stated by Russo
and Reggiani (2017) and Schuster and Friedt (1998).
Russo and Reggiani (2017) reported that sinapine ranged
from 1.09 to 4.75 g/kg dry weight of forty-seven sam-
ples of defatted camelina (Camelina sativa (L.) Crantz)
and concluded that sinapine content was not related to
GSL levels and that the use of camelina meal is primarily
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restricted by GSL level, with sinapine content being less
of a concern in camelina varieties. For the biosynthesis of
GSLs, sulphur-containing amino acids are required; there-
fore, soil rich in sulphur led to increased GSLs content of
camelina seeds (Schuster and Friedt 1998).

Differences in nutrient composition are observed between
the CSM used in this study and Camelina sativa used in
other studies (Ryhanen et al. 2007; Bulbul et al. 2015; Pekel
et al. 2015; Woyengo et al. 2016; Oryschak et al. 2020).
In these studies, Camelina sativa meal or cake had high
oil content (6.44-36.84%). The crude fibre level (10.80%)
of camelina meal in the present study was in the range of
9.7-17.40% fibre that was reported in the studies (Ryhanen
et al. 2007; Pekel et al. 2015; Bulbul et al. 2015; Woyengo
et al. 2016; Oryschak et al. 2020). These differences might
also be attributed to seed genotypes, climate, soil, and the
soil fertilization (Schuster and Friedt 1998; Matthaus and
Zubr 2000).

Linear reduction (p <0.001) in live weight, weight gain,
and feed consumption was observed during the experiment.
Chicks fed with 25% CSM consumed more feed per each kg
live weight gain than the other groups during the first 10-day
period. After the first period, when the first 24 days and the
total 42 days of the trial were evaluated, it was seen that
feed efficiency was better in the control group than in the
other groups (p <0.001) and that feed efficiency decreased
linearly with the increasing doses of CSM level (p <0.001).
These results are in agreement with Pekel et al. (2015), who
reported a reduction in the criteria of growth performance.
Similarly, 10% Camelina sativa expeller (Ryhanen et al.
2007) and 3-15% camelina cake (Thacker and Widyaratne
2012) reduced feed intake and growth in broilers. However,
no effect of dietary 10% of camelina meal on performance
was observed by Aziza et al. (2010). The poorer perfor-
mance may be due to the GSLs content of Camelina sativa
(Ryhanen et al. 2007; Thacker and Widyaratne 2012; Pekel
et al. 2015). Feeds containing high levels of GSLs have been
shown to reduce feed intake and growth rate (Verhoeven
et al. 1997). GSLs are relatively unpalatable and they and
their breakdown products determine the typical flavour and
bitter taste of the Brassica species (EFSA 2008).

EFSA (2008) reported that broiler growth decreased over
the 37-day experiment with increasing levels of Camelina
sativa cake (0, 5, 10, 15, 20, and 25%), with the most pro-
nounced reduction observed in diets containing 20% and 25%
camelina cake. Feed intake differences among groups fed 0,
5, 10, 15, and 20% cake were relatively minor, while a nota-
ble decrease in feed intake was evident in broilers receiving
25% camelina cake. The differences among studies are due to
differences in the processing of Camelina sativa seeds. The
processing influences the contents and mode of action of anti-
nutritional compounds and the content of lipids and fatty acids.

Inclusion of CSM up to 25% did not affect liveability
during the 42 day experiment. However, one death in each
group containing 15% and 25% camelina meal during the
experiment was observed but the deaths were not related to
any dietary treatment. Similarly, some researchers demon-
strated that mortality was not affected by 10% (Pekel et al.
2009) and higher levels up to 24% (Oryschak et al. 2020)
camelina cake in broiler diets. This indicates that the anti-
nutritional compounds contained in Camelina sativa are not
high enough to cause death. The levels of EPEF, which is a
performance indicator, of the groups fed CSM were lower
(p <0.001) than that of the control group, and linear reduc-
tion was also seen with the increasing levels of CSM in the
diets. However, low inclusion level (5%) did not cause nega-
tive effects (Valkonen et al. 2004).

In the present study, carcass yield was reduced, and the
relative weight percentages of the heart, proventriculus,
gizzard, and thyroid gland were increased linearly with
increasing levels of CSM in the diet. In contrast to the study,
carcass yield was not affected significantly by the usage of
10% camelina meal in broilers (Pekel et al. 2009). Similar
to the present study, Oryschak et al. (2020) reported that
relative weight values of liver and spleen were not affected,
but relative weight values of the heart linearly increased
with increasing dietary inclusion of Camelina sativa. The
increased gizzard weight seen in the current study could be
related to the dietary fiber content associated with Camelina
sativa (Gebes et al. 2024).

In contrast to the present study, some researchers (EFSA
2008; Ciurescu et al. 2016) showed that the abdominal
fat proportion decreased linearly with increasing dietary
Camelina sativa cake. Ciurescu et al. (2016) suggested that
a diet containing Camelina sativa rich in oil (high in PUFA)
causes to reduce abdominal fat deposition.

A high content of dietary GSLs may affect thyroid func-
tions (Ryhanen et al. 2007). Similar to the present study, in
the report of EFSA (2008) the relative weights of the thy-
roid glands were shown to increase linearly with increasing
Camelina sativa cake content in feed (20-25%).

The haematologic and serum biochemical results are
usually considered to assess the health status of an animal.
Thiam et al. (2021) demonstrated that the H/L ratio corre-
lates with intestinal barrier function and immune response,
with broilers exhibiting a lower H/L ratio showing improved
intestinal immunity. The increase in H/L ratio with the
increase in Camelina sativa dose in the present study may
be due to the antinutritional substances, especially GSLs.

Similarly, the reduction in total cholesterol also obtained
by Anca et al. (2019) in broilers for 8% camelina cake. In
contrast to the current study, Orczewska-Dudek et al. (2019)
showed a tendecy towards a reduction of the plasma con-
tent of cholesterol and triglycerides in the broilers fed a diet
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containing 10% Camelina sativa cake but these reductions
were not found to be significant.

In contrast to the present study, Bulbul et al. (2015)
reported that 5, 10, 15, and 20% camelina meal inclusion in
the diets of quails reduced serum antioxidant activity levels
linearly attributed to the presence of antioxidant compounds
and other bioactive compounds such as tocopherols and phe-
nolics. Antinutritional factors, especially GSLs in Camelina
sativa meal, may have hindered the release of antioxidant
compounds in the body and thereby prevented an improve-
ment in the bird’s antioxidant status in the present study.
The differences may also be due to the variety of Camelina
sativa, the production procedure of the meal, and the levels
of oil content and fatty acid profile, and fiber content.

In the present study, serum IgG and IgA levels were
increased by CSM inclusion. This situation may be useful
in commercial broiler production. However, in the study of
Ciurescu et al. (2016) plasma IgG, IgM, and IgA levels were
not affected with the use of 5% and 10% camelina seed in
the diets of broilers.

Thyroid hormones play an important role in controlling
basal metabolism and for proper growth and development
(Darras et al. 2000). The less bioactive thyroxine (T4) form
is generally present in serum in greater concentrations than
the more bioactive triiodothyronine (T3) form (Moravej
et al. 2006; Oryschak et al. 2020). In contrast to the present
study, Oryschak et al. (2020) found that serum levels of T3
decreased and T4 increased with increasing doses of Camel-
ina sativa. However, in the study of Oryschak et al. (2020),
Camelina sativa was added to the diets as top-dressed and
therefore CP content of diets increases with the increasing
levels of Camelina sativa and the differences in T3 and T4
levels may be due to the difference in CP and digestible
nutrient levels in the diets. Orczewska-Dudek et al. (2019)
showed that 10% camelina sativa increased plasma T3 and
T4 levels, and significant increases (p <0.05) were seen in
plasma T3 levels. GSLs block thyroid hormone receptors
and induce changes in the outer ring deiodination of T4 in
peripheral tissues (Darras et al. 2000). Then the concen-
tration of T3 decreases. According to the study of Moriel
et al. (2011), different levels of camelina cake did not affect
hormone levels in the blood of cows. In contrast, Lardy and
Kerley (1994) reported that GSLs cause the reduction in the
circulating T3 and T4 levels.

The cecum plays a crucial role in functional activity hav-
ing its slower intestinal flow compared to other segments
and having a high capacity for water absorption and carbo-
hydrate fermentation. These properties enhance the taxo-
nomic diversity of microbiota, that is vital for health and
performance (Rubio et al. 2015). However, under certain
conditions, undesirable microbiota including Enterobacte-
riaceae such as E. coli and Salmonella, can also proliferate
in the cecum (Mon et al. 2015; Zajac et al. 2021). According

@ Springer

to Zajac et al. (2021), E. coli was not detected in the cecum
and cloaca of broilers supplemented with micronized camel-
ina seeds. They suggested that the restricted growth and
diversity of Enterobacteriaceae in these areas might reflect
the sensitivity of other microbial taxa to the antimicrobial
properties of compounds found in camelina seeds. Addition-
ally, Zajac et al. (2021) noted that substances with known
antibacterial effects, such as polyunsaturated fatty acids,
are present in camelina seeds. Mazanko et al. (2023) also
demonstrated that Camelina sativa oil cake has prebiotic
effects on the broiler microbiome in model studies. It boosts
the acid production of lactic acid bacteria, which lowers the
pH of the medium. This results in a reduction of counts of
Enterococcus, E. coli, and lactose-positive bacteria and com-
pletely suppresses Proteus (Mazanko et al. 2023). Mazanko
et al. (2023) concluded that oil cake of Camelina sativa is
a promising source of prebiotics for the development of
prebiotic feed. This situation was not seen in the present
experiment that solvent extracted camelina meal having low
oil content. In the present experiment linear increases were
seen in total aerobic bacteria, E. coli, and Enterococcus in
the cecum with increasing doses of CSM and no significant
changes were seen in Lactobacillus count.

Similar to the present study, Pekel et al. (2015) found that
adding 10% and 20% camelina meal to the diet increased
jejunal digesta viscosity. This higher viscosity may have
negatively impacted growth (Pekel et al. 2015) like in the
current study. According to the study of Bedford and Clas-
sen (1993), viscosity is linked to the content of nonstarch
polysaccharides in the diet. Adeola and Bedford (2004)
demonstrated that reduced growth performance is associ-
ated with increased intestinal digesta viscosity, which leads
to decreased energy utilization and absorption of nutrients.
Some researchers (Rodriguez et al. 2001; Alzueta et al.
2003) indicated that lower digestibility was due to the high
levels of water soluble polysaccharides such as mucilage,
which increased the viscosity of intestinal contents.

Small intestine segments are important parts for nutrient
digestion and absorption. To maximize the effectiveness of
feeding strategy in enhancing gut health, nutrient utilization,
and thereby performance, morphological characteristics of
the small intestine segments in broilers must be considered.
The length of intestinal villi and crypt depth are indicative
of the nutrient digestion and absorptive capacity of the intes-
tine (Aziza et al. 2014; Yalcin et al. 2022). The increase in
villus height is paralleled by an increase in digestive and
absorptive functions and bird growth. Short villi are corre-
lated with reduced nutrient digestion and absorptive capacity
and thereby performance was reduced. The VH/CD ratio is
considered to be a useful criterion for estimating the diges-
tive capacity of the small intestine and a low VH/CD ratio
suggests a poorly differentiated intestinal mucosa with low
digestive and absorptive capability (Aziza et al. 2014; Yalcin
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et al. 2022). The observation of low VH/CD and high CD
also confirms that blood H/L ratio is high with the increase
in the dose of Camelina sativa. In this context, the low VH/
CD ratio in CSM groups causes poorer growth as seen in
the present study. Antinutritional factors such as GSLs from
CSM could hinder bird’s ability to absorb nutrients, affecting
its growth performance (Aziza et al. 2014). As shown in the
present study, Aziza et al. (2014) reported lower villus height
and the ratio of VH/CD and higher crypt depth in broilers fed
10% camelina meal than those of the control group.

Similar to the present study, Oryschak et al. (2020)
reported that apparent total tract digestibility values of gross
energy, DM and CP were decreased linearly by the increasing
levels (0, 8, 16, and 24%) of screw-pressed Camelina sativa.
Aziza et al (2013) found that total tract CP digestibility of a
diet having 10% camelina cake (0.28) was lower than the diet
having corn-soybean meal (0.40) in laying hens. Thacker and
Widyaratne (2012) also demonstrated that 3% camelina cake
inclusion did not affect the nutrient digestibility; however,
there was a linear reduction in apparent total tract digestibil-
ity of DM, gross energy and nitrogen retention in broilers fed
increasing dietary levels of camelina cake from 3 to 15%.
Acamovic et al. (1999) similarly found low digestibility coef-
ficients for DM and nitrogen in camelina cake for broilers.

The reduction in energy and nutrient digestibility may be
attributed to the increased fiber content in the diet. High die-
tary fiber can impair digestibility due to its physicochemical
properties, leading to a faster passage rate that limits nutrient
absorption time (Burkett et al. 1972). Similarly, Pekel et al.
(2015) reported that increasing levels (10, 20%) of camelina
meal inclusion in the diets linearly decreased the ileal digest-
ibility of DM, energy and nitrogen and also metabolizabil-
ity of DM, nitrogen and energy. Thacker and Widyaratne
(2012) reported that increasing levels (3, 6, 9, 12 and 15%)
of camelina meal inclusion in the diets linearly decreased the
apparent total tract digestibility of DM, energy, and nitrogen.
Aziza et al. (2013) reported decreased digestibility of DM
and CP. Singh et al. (2023) reviewed that the reduction in
nutrient digestibility could be attributable to the presence of
non-starch polysaccharides in the camelina cake, responsi-
ble for increasing the digesta viscosity. Inconsistent research
findings may be attributed to the variations in rearing and
climatic conditions of Camelina sativa, cake/meal produc-
tion methods, and doses of camelina in experiments.

Conclusion

The present study reveals that dietary usage of solvent
extracted CSM obtained after biodiesel production signifi-
cantly reduced the growth and feed efficiency compared with
those fed soya. These negative effects may be through reduc-
tions in feed intake and nutrient digestibility. A higher level of

GSLs and fibre in CSM compared with soyabean meal/fullfat
soya may explain these findings. By removing negative effects
of antinutritional compounds in CSM, camelina can become
an alternative protein source for broilers. Further research is
required to fully understand the optimal inclusion level and
proper processing methods for camelina meal in poultry diets
to improve sustainability in broiler production.

Acknowledgements The authors thanks to Semih Yilmaz, Utku ipek,
Seyma Dalkiran, Eyyiip Alten, Oguzhan Aydin, and Emine Kocadas
for help during the broiler trial and laboratory analysis, and DB Agri-
cultural Energy Company for oil extraction of Camelina sativa.

Author contributions Study conception, design, material preparation,
data collection, data analysis and writing of the manuscript were per-
formed by Sakine Yal¢in; material preparation, data collection and
data analysis were performed by Muhammad Shazaib Ramay, Hiiseyin
Yalcinkaya, Ozlem Kardogan, Ali Erkurt, Bahadir Kiling, Emre Sunay
Gebes, Atakan Bundur, Esin Ebru Onbasilar, Suzan Yalgin, ilhan
Subasi, Celalettin Etkin Safak, and Elif Kocadas.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Tiirkiye (TUBITAK). This research was
supported by the Scientific and Technological Research Council of
Turkey, TUBITAK (Project No: 2190444).

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Declarations

Ethical approval This study received approval from the Animal Care
and Use Committee of Ankara University, Turkey (2019-6-62).

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Acamovic T, Gilbert C, Lamb K, Walker KC (1999) Nutritive value
of Camelina sativa meal for poultry. Br Poult Sci 40:S27-S41

Adeola O, Bedford MR (2004) Exogenous dietary xylanase amelio-
rates viscosity induced anti-nutritional effects in wheat-based
diets for White Pekin ducks (Anas platyrhynchos domesticus).
Br J Nutr 92:87-94

Alzueta C, Rodriguez MI, Cutuli MT et al (2003) Effect of whole
and demucilaged linseed in broiler chicken diets on digesta

@ Springer


http://creativecommons.org/licenses/by/4.0/

100 Page120f13

Tropical Animal Health and Production (2025) 57:100

viscosity, nutrient utilization and intestinal microflora. Br Poult
Sci 44:67-74

Anca G, Habeanu M, Lefter NA, Ropota M (2019) Performance
parameters, plasma lipid status, and lymphoid tissue fatty acid
profile of broiler chicks fed Camelina cake. Braz J Poult Sci
21:1053

AOAC (2000) Official Methods of Analysis, 17th edn. AOAC Inter-
national, Gaithersburg, MD

Aviagen Inc (2014) Ross 308 nutrition specifications. Ross, an avia-
gen brand, 0814-AVNR-035. Retrieved from https://eliasnutri.
wordpress.com/wp-content/uploads/2012/04/ross308broilern
utritionspecs2014-en.pdf

Aziza AE, Quezada N, Cherian G (2010) Feeding Camelina sativa
meal to meat-type chickens: Effect on production performance
and tissue fatty acid composition. J Appl Poult Res 19:157-168

Aziza AE, Panda AK, Quezada N, Cherian G (2013) Nutrient
digestibility, egg quality, and fatty acid composition of Brown
laying hens fed camelina or flaxseed meal. ] Appl Poult Res
22:832-841

Aziza EA, Awadin WF, Quezada N, Cherian G (2014) Gastrointesti-
nal morphology, fatty acid profile, and production performance
of broiler chickens fed camelina meal or fish oil. Eur J Lipid Sci
Technol 116:1727-1733

Bedford MR, Classen HL (1993) An in vitro assay for prediction of
broiler intestinal viscosity and growth when fed rye-based diets
in the presence of exogenous enzymes. Poult Sci 72:137-143

Budin JT, Breene WM, Putnam DH (1995) Some compositional
properties of camelina (Camelina sativa L. Crantz) seeds and
oils. J Am Oil Chem Soc 72:309-315

Bulbul T, Rahman A, Ozdemir V (2015) Effect of false flax meal on
certain growth, serum and meat parameters of Japanese quails.
J Anim Plant Sci 25:1245-1250

Burkett DP, Walker AR, Painter NS (1972) Effect of dietary fibre on
stools and transit times and its role in the causation of disease.
Lancet 2:1408-1412

Cai R, Arntfield SD (2001) A rapid high-performance liquid chroma-
tographic method for the determination of sinapine and sinapic
acid in canola seed and meal. ] Am Oil Chem Soc 78:903-910

Cerisuelo A, Ferrer P, Angel Gomez E et al (2023) Nutritional value
of Spanish Camelina sativa co-products for pigs. Anim Feed Sci
Technol 301:115665

Cherian G (2012) Camelina sativa in poultry diets: opportunities and
challenges. In: Makkar HPS (ed) Biofuel co-products as livestock
feed opportunities and challenges. FAO, Rome, pp 303-310

Ciurescu G, Ropota M, Toncea I, Habeanu M (2016) Camelia
(Camelina sativa L. Crantz variety) oil and seeds as n-3 fatty
acids rich products in broiler diets and its effects on perfor-
mance, meat fatty acid composition, immune tissue weights,
and plasma metabolic profile. J Agric Sci Technol 18:315-326

Colombini S, Broderick GA, Galasso I et al (2014) Evaluation of
Camelina sativa (L.) Crantz meal as an alternative protein
source in ruminant rations. J Sci Food Agric 94:736-743

Darras VM, Van der Geyten S, Kiihn ER (2000) Thyroid hormone
metabolism in poultry. Biotechnol Agron Soc Environ 4:13-20

Dawson B, Trapp RG (2001) Basic and Clinical Biostatistics, 3rd edn.
Lange Med. Books/McGraw-Hill Med. Publ. Div, New York, NY

EFSA (2008) Glucosinolates as undesirable substances in animal
feed. Scientific panel on contaminants in the food chain. The
EFSA J 590:1-76

Gebes ES, Yal¢in S, Ramay MS et al (2024) Suitability of raw and
heat-treated Amaranthus spinosus in broiler diets: effects on
growth performance, meat antioxidant capacity, haemato-bio-
chemical parameters, intestinal histomorphometry, and cecal
volatile fatty acid profile. Trop Anim Health Prod 56:238

@ Springer

Gebretsadkan G, Tessema K, Ambachew H, Birhaneselassie M (2015)
The comparison between microhematocrit and automated meth-
ods for hematocrit determination. Int J Blood Res Dis 2:1-3

King T, Sheridan R (2019) Determination of 27 elements in ani-
mal feed by Inductively Coupled Plasma-Mass Spectrometry. J
AOAC Int 102:434-444

Lardy GP, Kerley MS (1994) Effect of increasing the dietary level of
rapeseed meal on intake by growing beef steers. J Anim Feed
Sci 72:1936-1942

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2-AACT
method. Methods 25:402-408

Matthaus B, Zubr J (2000) Variability of spesific components in
Camelina sativa oilseed cakes. Ind Crop Prod 12:9-18

Mawlong I, Sujith Kumar MS, Gurung B et al (2017) A simple spec-
trophotometric method for estimating total glucosinolates in
mustard de-oiled cake. Int J Food Prop 20:3274-3281

Mazanko M, Prazdnova E, Statsenko V et al (2023) Oil cakes of
essential oil plants as a source of prebiotics for poultry produc-
tion. Agriculture 13:591

Meza S, Zhou Y, Chastain J et al (2022) Eco-efficient quantifica-
tion of glucosinolates in camelina seed oil, and defatted meal:
optimization, development, and validation of a UPLC-DAD
method. Antioxidants 11:2441

Mon K, Saelao P, Halstead MM et al (2015) Salmonella enterica
serovars Enteridis infection alters the indigenous microbiota
diversity in young layer chicks. Front Vet Sci 2:61

Moravej H, Khazali H, Shivazad M, Mehrabani-Yeganeh H (2006)
Plasma concentrations of thyroid hormone and growth hormone
in Lohmann male broilers fed on different dietary energy and
protein levels. Int J Poult Sci 5:457-462

Moriel P, Nayigihugu V, Cappellozza Bl et al (2011) Camelina meal
and crude glycerin as feed supplements for developing replace-
ment beef heifers. ] Anim Sci 8§9:4314-4324

Onbagilar I, Yal¢in S, Gebes ES et al (2023) Evaluation of modified
dried vinasse as an alternative dietary protein source for broil-
ers. Anim Sci J 94:¢13899

Onbagilar EE, Giindogar UC, Capar Akyiiz H et al (2024) The effects of
shrimp waste added to broiler diets on growth performance, slaugh-
ter and carcass characteristics, intestinal morphology, bone traits,
and fatty acids in the meat. J Anim Physiol Anim Nutr 2024:1-10

Orczewska-Dudek S, Pietras M, Mika M (2019) Effect of Camelina
sativa oil and expeller cake on plasma level of iodothyronines
and lipid profile of broiler chickens. Rocz Nauk Zootech
46:105-115

Oryschak MA, Christianson CB, Beltranena E (2020) Camelina
sativa cake for broiler chickens: effects of increasing dietary
inclusion on clinical signs of toxicity, feed disappearance, and
nutrient digestibility. Transl Anim Sci 4:11263-11277

Pagliari S, Giustra CM, Maoni C et al (2022) Optimization of ultra-
sound-assisted extraction of naturally occurring glucosinolates
from by-products of Camelina sativa L. and their effect on
human colorectal cancer cell line. Front Nutr 9:901944

Panhwer SN, Arijo A, Bhutto R (2016) Conventional and molecular
detection of Plasmodium in domestic poultry birds. J Agric Sci
Technol 6:283-289

Patil PJ, Thakare GV, Patil SP (2013) Variability and accuracy of
Sahli’s method in estimation of hemoglobin concentration. Nati
J Integr Res Med 4:38-44

Pekel AY, Patterson PH, Hulet RM et al (2009) Dietary camelina
meal versus flaxseed with and without supplemental copper for
broiler chickens: live performance and processing yield. Poult
Sci 88:2392-2398

Pekel AY, Kim JI, Chapple C, Adeola O (2015) Nutritional char-
acteristics of camelina meal for 3-week-old broiler chickens.
Poult Sci 94:371-378


https://eliasnutri.wordpress.com/wp-content/uploads/2012/04/ross308broilernutritionspecs2014-en.pdf
https://eliasnutri.wordpress.com/wp-content/uploads/2012/04/ross308broilernutritionspecs2014-en.pdf
https://eliasnutri.wordpress.com/wp-content/uploads/2012/04/ross308broilernutritionspecs2014-en.pdf

Tropical Animal Health and Production (2025) 57:100

Page 130f 13 100

Ramay MS, Yal¢in S (2020) Effects of supplemental pine needles
powder (Pinus brutia) on growth performance, breast meat
composition, and antioxidant status in broilers fed linseed oil-
based diets. Poult Sci 99:479-486

Rodriguez ML, Alzueta C, Rebole A et al (2001) Effect of inclusion
level of linseed on the nutrient utilization of diets for growing
broiler chickens. Br Poult Sci 42:368-375

Rubio LA, Peinado MJ, Ruiz R et al (2015) Correlations between changes
in intestinal microbiota composition and performance parameters in
broiler chickens. J Anim Physiol Anim Nutr 99:418-423

Russo R, Reggiani R (2017) Glucosinolates and sinapine in camelina
meal. Food Nutr Sci 8:1063-1073

Ryhanen EL, Perttila S, Tupasela T et al (2007) Effect of Camelina
sativa expeller cake on performance and meat quality of broil-
ers. J Sci Food Agric 87:1489-1494

Schuster A, Friedt W (1998) Glucosinolate content and composition as
parameters of quality of Camelina seed. Ind Crops Prod 7:297-302

Singh Y, Cullere M, Tiimova E, Dalle Zotte A (2023) Camelina
sativa as a sustainable and feasible feedstuff for broiler poultry
species: a review. Czech J Anim Sci 68:277-295

Thacker P, Widyaratne G (2012) Effects of expeller pressed camelina
meal and/or canola meal on digestibility, performance and fatty
acid composition of broiler chickens fed wheat-soybean meal-based
diets. Arch Anim Nutr 66:402—415

Thiam M, Barreto Sanchez ALB, Zhang J et al (2021) Association of
heterphil/lymphocyte ratio with intestinal barrier function and
immune response to Salmonella enteritidis infection in chicken.
Animals 11:3498

Tripathi MK, Mishra AS (2007) Glucosinolates in animal nutrition: a
review. Anim Feed Sci Technol 132:1-27

Valkonen E, Venildinen E, Tupasela T et al (2006) Effect of Camelina
sativa cake on fatty acid composition of egg yolk and sensory quality
of eggs. In: Proceedings of the 12th European Poultry Conference,
p 10252. World’s Poultry Science Association. Retrieved February
20, 2025, from https://www.wpsa.com/index.php/publications/wpsa-
proceedings/10252-pdf/viewdocument/594

Verhoeven DTH, Verhagen H, Goldbohm RA et al (1997) A review of
mechanisms underlying anticarcinogenicity by brassica vegetables.
Chem Biol Interact 103:79-129

Villarreal JV, Jungfer C, Obst U, Schwartz T (2013) DNase I and pro-
teinase K eliminate DNA from injured or dead bacteria but not from
living bacteria in microbial reference systems and natural drinking
water biofilms for subsequent molecular biology analyses. ] Micro-
biol Methods 94:161-169

Wetherbee BM, Gruber SH (1993) Use of acid-insoluble ash as a marker
in absorption efficiency studies with the lemon shark. Prog Fish Cult
55:270-274

Woyengo TA, Patterson R, Slominski BA et al (2016) Nutritive
value of cold-pressed camelina cake with or without sup-
plementation of multi-enzyme in broiler chickens. Poult Sci
95:2314-2321

Yal¢in S, Erol H, Ozsoy B et al (2008) Effects of the usage of dried
brewing yeast in the diets on the performance, egg traits and blood
parameters in quails. Animal 2:1780-1785

Yal¢in S, Yalgin S, Gebes ES et al (2017) Sepiolite as a feed supplement
for broilers. Appl Clay Sci 148:95-102

Yalcin S, Gebes ES, Ramay MS et al (2022) Sepiolite as an effective
supplement for low-protein diets with the constant energy-protein
ratio in broilers. Trop Anim Health Prod 54:201. https://doi.org/10.
1007/s11250-022-03196-6

Zajac M, Kiczorowska B, Samolinska W et al (2021) Effect of
inclusion of micronized camelina, sunflower, and flax seeds
in the broiler chicken diet on performance productivity, nutri-
ent utilization, and intestinal microbial populations. Poult Sci
100:101118

Zanetti F, Alberghini B, Marjanovic Jeromela A et al (2021) Camelina,
an ancient oilseed crop actively contributing to the rural renaissance
in Europe. A review. Agron Sustain Dev 6:41

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://www.wpsa.com/index.php/publications/wpsa-proceedings/10252-pdf/viewdocument/594
https://www.wpsa.com/index.php/publications/wpsa-proceedings/10252-pdf/viewdocument/594
https://doi.org/10.1007/s11250-022-03196-6
https://doi.org/10.1007/s11250-022-03196-6

	Evaluation of high levels of solvent extracted Camelina sativa meal in diets on performance, blood indices, cecal microorganisms, and nutrient digestibility in broilers
	Abstract
	Introduction
	Materials and methods
	Experimental design and diets
	Analysis of Camelina sativa meal and diets
	Growth performance
	Slaughtering and collection of samples
	Determination of nutrient digestibility and analysis
	Viscosity analysis
	Histological analysis
	Microbiological analysis
	Analysis of blood samples
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


