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A B S T R A C T

To increase the chicken's productivity and performance it is imperative to exploit underutilized oil crops such as
linseed meal as protein source. This study evaluated the effect of replacing soybean meal with graded levels of
linseed meal on feed intake, growth performance and carcass parameters of broiler chickens. A total of 180 day-
old Cobb500 broilers were distributed to five treatment diets in a completely randomized design replicated three
times with 12 chicks each. Isocaloric and isonitrogenous treatment diets formulated were T1 (0%, diet with no
linseed meal), T2 (25%), T3 (50%), T4 (75%) and T5 (100%, soybean meal in the diet was replaced by linseed
meal). The feeding experiment lasted for 44 days. The total feed intake, mortality rate and feed conversion ratio
(FCR) during starter phase were similar (P > 0.05) among treatments. High (P < 0.05) starter phase body weight
was recorded for T3 compared to T1, T2, T4 and T5 treatments but T2, T4 and T5 had similar average daily gain.
The feed intake, body weight change, FCR and mortality during finisher phase and entire period were similar (P >

0.05) among treatment groups. The weight of most carcasses were similar (P > 0.05) among treatment except the
weight of kidney, heart, breast, liver and abdominal fat. Kidney weight for T1 and T3 were higher (P < 0.05) than
for T2, T4 and T5. The weight of heart for T3 was higher than T2 and T5 while T1, T3 and T4 were similar (P >

0.05). High (P < 0.05) breast weight were observed for T3 than T2 and T4. Liver weight for T3 was greater (P <

0.05) than T2 and T5. The total feed cost decreased with increasing levels of linseed meal. High net return was
obtained from T3 followed by T4 and T2. The results showed that although linseed meal can replace 100%
soybean meal in the ration without detrimental effect on the health, replacement at 50% (T3) is recommended for
better performance of broilers.
1. Introduction

The prominence of poultry production is primarily due to the short
generation interval and relatively quick turn over on investment and
high quality protein from products (Dessie et al., 2017). Large numbers
of chickens across the world are reared under commercial poultry
production systems. But, this production system in developing countries
like Ethiopia is not a common practice and limited to urban areas
(Habte et al., 2017). Even though chicken production in Ethiopia is
based mainly on the scavenging village production system, there are a
growing number of commercial poultry producers (Habte et al., 2017).
The capacity of commercial poultry producers varies according to the
area they are located, technical know-how and the resources required to
start intensive poultry production. Therefore, most commercial chicken
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production in Ethiopia are comprised of small and medium-scale pro-
ducers (Habte et al., 2017).

Chicken is the largest livestock species accounting for more than
30% of all animal protein consumption in Ethiopia (Getu and Birhan,
2014). The estimated annual production of chicken meat in Ethiopia is
61,840 tons, which account for a 1.3% share of a production in Africa
and an 11.7% share in East Africa (FAOSTAT, 2017; Teshome et al.,
2019). Poultry meat account for about 33% of the world meat con-
sumption (Ahmed et al., 2018) and consumers’ demand for poultry
meat is ever increasing. Chicken meat is generally regarded as
better than red meat because it is a white meat which contains less
fat and cholesterol, easy to handle portions and has no
religious restrictions unlike pork and beef (Liu et al., 2012; Ahmed
et al., 2018).
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Table 1. Ingredients proportion of starter and finisher broiler chickens ration.

Phase Ingredients (%) Treatments

T1 T2 T3 T4 T5

Starter
phase

Maize 44.5 43.2 36.3 33.8 30.5

Wheat short 13.25 12.26 17.35 17.92 18.84

Linseed meal 0 6.5 13 19.5 26

Soybean meal 26 19.5 13 6.5 0

Nougseed cake 13.25 15.54 17.35 19.28 21.66

Vitamin and mineral
premix

1 1 1 1 1

Salt 0.5 0.5 0.5 0.5 0.5

Limestone 1.5 1.5 1.5 1.5 1.5

Finisher
phase

Maize 45 40.2 36.2 34.1 35.5

Wheat short 13 15.4 17.4 18.45 18.75

Linseed meal 0 6.5 13 19.5 26

Soybean meal 26 19.5 13 6.5 0

Nougseed cake 13 15.4 17.4 18.45 18.75

Vitamin and mineral
premix

1 1 1 1 1

Salt 0.5 0.5 0.5 0.5 0.5

Limestone 1.5 1.5 1.5 1.5 1.5

T1, T2, T3, T4 and T5 ¼ 0%, 25%, 50%, 75% and 100% of replacement of
Soybean meal by Linseed meal, respectively, Vitamin premix 50 kg contains, Vit
A 1000000iu, Vit D3 200000iu, Vit E 10000 mg, Vit K3 225 mg, Vit B1 125 mg,
Vit B2 500 mg, Vit B3 1375 mg, Vit B6 125 mg, Vit B12 1 mg, Vitpp (Niacin)
4000000 mg, Folic acid, 100 mg, Choline chloride 37500 mg, Anti-oxidant
(BTHT) 0.05%, Manganese 0.60%, Zinc 0.70%, Iron 0.45%, Copper 0.05%, So-
dium 0.01%, Selenium, 0.004%, Calcium 2.7%.
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Recently linseeds by-products have attracted considerable attention
due to the presence of bioactive compound poly-unsaturated fatty acids
such as omega-3 fatty acid and conjugated linoleic acid (Meherunnisa
et al., 2017). Additionally, linseed contains all essential amino acid of the
protein. It is an excellent source of fiber, lecithin, vitamins and minerals.
Moreover, linseed is of fastidious significance for its role in lowering the
risk of breast and colon cancers in humans (Diederichsen and Richards,
2003; Anjum et al., 2013). Most of the feed crops consumed by poultry
are also staple food of human which make competitive. Hence, replacing
highly demanded crops and less available agro-industrial by-products by
more available unconventional source of protein and energy is one of the
solutions to reduce cost of production and contribute to increased supply
of animal protein to reach of poor people (Amin and Cheah, 2010; Melese
et al., 2017).

Soybean meal is crucial protein sources in poultry diet. But its high
cost and less availability compared with linseed drive producers to look
for alternative affordable feed resources. One of such feed could be
linseed meal. The potential of linseed production in Ethiopia is related to
the presence of different socio-cultural conditions, diverse tropical and
sub-tropical and mountainous topography which support high genetic
diversity of linseed (Worku and Heslop-Harrison, 2018). Linseed is pro-
duced in different parts of Ethiopia in which stakeholders particularly
farmers are widely involved in its production along other cereal and oil
crops. Indeed, consumers including small processing plants are utilizing
linseed as input for oil production with linseed meal (cake) as a
by-product. Despite its benefits, linseed meal by-product is not widely
utilized as poultry diet in Ethiopia. Therefore, the objectives of this study
were to evaluate the effect of replacement of soybean meal with linseed
meal on feed intake, growth performance, carcass parameters and its
economic feasibility in broilers.

2. Materials and methods

2.1. Description of the study area

The experiment was conducted at Haramaya University Poultry farm
located at 42� 30 East Longitude and 9� 26’ North Latitude at an altitude
of 1980 m above sea level. The mean annual rainfall of the area amounts
to 780 mm and the average minimum and maximum temperatures are 8
and 24 �C, respectively (Samuel, 2008).

2.2. Management of experimental animals

The experimental house was thoroughly cleaned, washed and the
floor was covered with grass hay and was disinfected before the place-
ment of the experimental birds in the pens. Infra-red lamp providing 250
W was fitted for each pen. Circular plastic feeders and waterers were also
placed in the pens. A total of one hundred and eighty (180) day-old
unsexed Cobb 500 chicks were purchased from Alema Private Farms,
Bishoftu and were used for feeding trial. Feed was offered ad libitum (10%
refusal). The daily offer was presented in two portions at 0800 and 1600
h. Water was available all time. Vitamin premix was provided with water
for seven consecutive days following the arrival of day old chicks to the
farm. Body weight was measured at the beginning and at the end and at a
weekly interval during the experiment using sensitive balance. Chickens
were vaccinated against Newcastle disease (HB1) at day 7 and Lasota a
booster dose at day 21 through eye drop.

2.3. Design of the experiment and ingredients

The ingredients used for experimental ration preparation were
nougseed cake (NSC), wheat short, linseed meal (LM), soyabean meal
(SBM), salt, vitamin premix and limestone. The SBM, NSC and Vitamin
and mineral premix were purchased from GASCO Trading PLC, Addis
Ababa. Maize, wheat short and salt was purchased from local market of
Haramaya town. Limestone was taken from Haramaya University poultry
2

farm. Linseed meal was purchased from Adama edible oil factory.
Treatment rations were formulated to be isocaloric and isonitrogenous
using Win Feed 2.8 software to meet the nutrient requirement standards
for broilers (NRC, 1994). Accordingly, each of the starter treatment ra-
tions contained about 3100 Kcal/kg DM of metabolisable energy and
22% of crude protein, while the finisher ration had 3200 kcal/kg DM of
metabolisable energy and 20% crude protein. The treatment rations
designated as T1, T2, T3, T4 and T5, were formulated with T1 containing
26 g (100% SBM), which is recommended as an economic maximum
level of inclusion in chicken ration (Senayt, 2011). Then the treatments
T1, T2, T3, T4 and T5 were formulated with the percentage of replace-
ment of Soybeanmeal by Linseedmeal at 0%, 25%, 50%, 75% and 100%,
respectively (Table 1). The five treatment rations were assigned to the
pens with three replicates consisting 12 chicks per replicate. The design
of the experiment was completely randomized design (CRD). The
experiment lasted for a 44 days of feeding trial.

2.4. Feed intake, body weight gain and feed conversion ratio

Themeasured quantity of feed offered and refused per replication was
recorded daily and amount of feed consumed was determined as a dif-
ference. The following formula was employed to calculate the daily
intake.

Feed intake= chick=day ¼ Total offered� Total Refusal
No:of experimental days x No:of chicks

(1)

The average daily body weight gain was computed as body weight
change divided by the number of experimental days. Mean feed con-
version ratio was determined by dividing the mean daily feed intake to
the average daily weight gain of chicks. Mortality was recorded when
occurred and general health status was monitored during the whole
experimental period.
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2.5. Carcass yield characteristics

At the end of the experiment a total of 30 birds, 6 per treatment and 2
per replication were randomly taken for carcass evaluation. Slaughtering
procedure was approved by Haramaya University Animal Welfare Ethical
Committee formed from School of Animal and Range Sciences and
Research Affairs. The birds were starved for 12 h, and weighed just
before slaughter. Birds slaughtered were de-feathered by hand plucking,
eviscerated and carcass cuts and non-edible offal components were
determined according to the procedure described by Kekeocha (1985).
Dressed weight was measured after the removal of blood, feathers, lower
leg, head, kidney, lungs, pancrease, crop, proventriculus, small intestine,
large intestine, cloaca and urogenital tracts were removed. Dressed
percentage was determined following FAO (2001).

Dressing %¼ Dressed weight
Slaughter weight

*100 (2)

From eviscerated carcass weight, drumstick, thigh and breast meat
were separated and weighed, then their respective percentage weights
was determined by dividing slaughter weight and multiplied by 100. Fat
trimmed from proventriculus up to cloaca was weighed. The edible offal's
(giblets), which include the heart, gizzard and liver were weighed in
relation to slaughter weight. Non edible offal's, which include spleen,
lung, crop proventriculus, small and large intestine, and ceca weights
were also measured.
2.6. Chemical analysis

Dried feed samples were milled to pass through 1 mm sieve screen.
Samples of feed ingredients were analyzed for dry matter, ether extract,
crude fibre and ash following the proximate analysis method (AOAC,
2000). Nitrogen content was determined by Kjeldahl method (Elinge
et al., 2012) and crude protein was calculated as N x 6.25. Calcium and
phosphorus content was analyzed by atomic absorption spectroscopy and
spectrophotometer method, respectively (AOAC, 1998) at Haramaya
University Laboratory. Dry matter based metabolisable energy (Kcal/kg)
content of the experimental diets was calculated by indirect method from
the equation proposed by Wiseman (1987).

ME
�
Kcal
kg

DM
�
¼ 3951þ 54:4EE� 88:7CF� 40:8ash (3)

ME ¼ metabolisable energy, EE ¼ ether extraxt, CF ¼ crude fiber.
2.7. Economic analysis

Economic efficacy of feeding ration containing graded levels of
linseed meal as soybean meal replacement was evaluated by calculating
European Broiler Index (EBI) and Production Efficiency Factor (PEF)
(Marcu et al., 2013).

EBI¼Viabilityð%Þ x ADG ðg=chick=dÞ
FCRðkg feed=kg gainÞ x 10 (4)

PEF¼ Viability ð%Þ x BW ðkgÞ
AgeðdÞ x FCRðkg feed=kg gainÞ x 10 (5)

where: Viability (%)¼ chicks alive at the end of the period (%), Age (day)
¼ the age of the chick at slaughter, BW ¼ final live body weight of the
broilers, ADG ¼ Average daily gain.

Partial budget of replacing soybean meal with linseed meal was
computed according to the principles developed by Upton (1979).

NI¼TR� TVC (6)

NI ¼ net income, (TR ¼ total return, TVC ¼ total variable cost).
3

ΔNI¼ΔTR� ΔTVC (7)
ΔNI ¼ change in net income, ΔTR ¼ change in total return, ΔTVC ¼
change in total variable cost

MRR¼ΔNI=ΔTVC*100 (8)

MRR¼marginal rate of return, ΔNI¼ change in net income, ΔTVC¼
change in total variable cost.

2.8. Statistical analysis

All the data collected were subjected to statistical analyses using
general linear model procedure of SAS software (SAS, 2009). Differences
between treatment means were separated using Duncan's multiple range
tests. The following model was used for data analysis. Yij ¼ μ þTi þ eij,
Where: Yij¼ is an observation (response variable), μ¼Over all means, Ti
¼ treatment effect of ith treatment and eij ¼ error term. A two-way
ANOVA was performed to determine effects of sex and sex by treat-
ment interactions.

3. Results

3.1. Chemical composition of feed ingredients and treatment diets

The soybean meal CP content (39.8%) was high compared to linseed
meal (31%) (Table 2). But, soybean meal ME (2678.4Kcal/kg DM) con-
tent was low as compared to linseed meal (3449.0Kcal/kg DM). A slight
increase in ether extract content of ration was observed as level of linseed
meal increased. The calcium content ranged from 1.0-1.9% and
0.78–0.99% whereas phosphorus ranged from 0.38-0.53% and
0.33–0.45% in starter and finisher diets, respectively and it is within the
range recommended for broiler ration (NRC, 1994).

3.2. Feed intake and body weight gain

Total feed intake, mortality rate and feed conversion ratio during
starter phase were similar (P > 0.05) among treatments (Table 3). High
(P < 0.05) starter body weight gain was recorded for T3 compared to T1,
T2, T4 and T5 treatments but T2, T4 and T5 had similar (P > 0.05)
average daily gain. The feed intake, body weight change, FCR and
mortality during finisher phase and entire period were similar (P > 0.05)
among treatment groups.

3.3. Carcass characteristics

The weight of most carcasses and offal's were similar (P > 0.05)
among treatments, while kidney, heart, breast and liver weights in T3
tend to be higher than most of the other treatments (P < 0.05). The
abdominal fat weight of T1, T2 and T3 were higher (P < 0.05) than T5.
High (P < 0.05) fat weight was observed in female whereas there was no
effect of sex by treatment interaction (Table 4).

3.4. Non-edible offal parameters of broiler chickens

Spleen, large intestine and ceaca weights and large intestine and ceaca
length were similar (P > 0.05) among treatments (Table 5). Treatment
three had greater (P< 0.05) lung, crop, proventriculus and small intestine
weight thanmost of the other treatments. Therewas no effect (P> 0.05) of
sex and sex by treatment interaction on non-edible offal.

3.5. Production efficiency and economic return

Both European broiler index (EBI) and Production efficiency factor
(PEF) of starter, finisher and entire period were similar (P> 0.05) among
treatments (Table 6). The total feed cost decreased with increasing levels
of linseed meal. High value of net return of broilers was recorded in T3



Table 2. Chemical composition of ingredients and treatment diets (% on DM bases).

Ingredients % DM CP CF EE Ash Ca P ME (Kcal/kg DM)

Maize 91.4 9.3 3.8 3.9 3.2 0.14 0.3 3696

Wheat short 91.8 15.7 6.8 3.3 4.6 0.13 0.3 3339.7

Soybean meal 91.9 39.8 12.4 1.4 6.1 0.32 0.7 2678.4

Linseed meal 90.8 31 7.3 8.9 8.3 0.26 0.56 3449.0

Nougseed cake 92.3 29.8 15.2 7.2 12.5 0.31 0.6 2484.4

Starter phase

T1 91.38 22.95 7.5 9.2 10.8 1.1 0.52 3102.3

T2 90.74 22.94 8.3 9.1 11.7 1.0 0.53 3117.9

T3 91.08 22.43 9.2 10.4 9.32 1.5 0.52 3148.7

T4 92.47 22.20 8.9 11.01 8.05 1.4 0.38 3130.1

T5 90.70 22.01 9 11.05 8.7 1.9 0.46 3105.5

Finisher phase

T1 91.98 21.01 8.4 9.8 8.07 0.99 0.42 3209.4

T2 91.72 20.86 7.9 9.5 7.54 0.95 0.33 3230.5

T3 90.61 20.29 8.9 10.2 8.01 0.89 0.45 3203.6

T4 92.71 20.06 9.7 11.1 7.02 0.85 0.38 3207.7

T5 90.39 19.92 9.5 11.3 6.12 0.78 0.35 3215.8

T1, T2, T3, T4 and T5¼ 0%, 25%, 50%, 75% and 100% of replacement of Soybean meal by Linseed meal, respectively, DM¼ dry matter, CP¼ crude protein, EE¼ ether
extract, CF ¼ crude fiber, Ca ¼ calcium, P ¼ phosphorous, ME ¼ metabolisable energy, Kcal ¼ kilocalorie, Kg ¼ kilogram.

Table 3. Effect of replacing soybean meal with linseed meal on feed intake and body weight gain in broilers ration.

Parameters Treatments SEM P-Value

Starter Phase (1–22 days) T1 T2 T3 T4 T5

Feed intake/Chick (g/bird) 952.6 873.4 1279.5 1127.2 1115.8 66.08 0.352

Initial body weight (g/bird) 45.89 49.78 52.33 49.56 46.33 1.27 0.530

Final body weight (g/bird) 511.67b 448.33bc 670.0a 495.0bc 391.67c 28.01 0.002

Body weight change(g/bird) 465.78b 398.56bc 617.67a 445.44bc 345.33c 27.75 0.002

Average gain (g/day) 21.17b 18.12bc 28.1a 20.25bc 15.7c 1.26 0.003

Feed conversion ratio 2.11 2.20 2.10 2.64 3.41 0.24 0.364

Mortality (%) 25 11.11 11.11 19.44 22.22 2.68 0.368

Finisher Phase (23–44 days)

Feed intake/chick (g/bird) 2954.5 2638.2 3105.6 2801.9 2837.9 106.59 0.768

Final body weight (g/bird) 1816.1 1768.3 1743.0 1767.5 1606.5 37.2 0.511

Bodyweight change (g/bird) 1304.4 1319.9 1073.0 1272.5 1214.8 34.9 0.139

Average gain (g/day) 59.3 59.9 48.8 57.8 55.2 1.58 0.138

Feed conversion ratio 2.27 2.01 2.91 2.20 2.41 0.14 0.306

Mortality (%) 2.78 5.56 0 5.56 5.56 1.11 0.452

Entire Experiment (1–44days)

Feed intake/chick (g/bird) 3907.0 3511.6 4385.1 3929.2 3953.7 139.61 0.463

Initial body weight (g/bird) 45.9 49.8 52.3 49.6 46.3 1.274 0.531

Final body weight (g/bird) 1816.1 1768.3 1743.0 1767.5 1606.5 37.19 0.511

Body weight change (g) 1770.2 1718.5 1690.7 1717.9 1560.2 37.45 0.526

Average gain(g/day) 40.23 39.06 38.42 39.05 35.46 0.85 0.526

Feed conversion ratio 2.23 2.10 2.61 2.28 2.63 0.13 0.606

Mortality (%) 27.78 16.67 11.11 25.0 27.77 2.91 0.274

a, b, c Means within a row with different superscripts are significantly different, T1, T2, T3, T4 and T5 ¼ 0%, 25%, 50%, 75% and 100% of replacement of Soybean meal
by Linseed meal, respectively, g ¼ gram, SEM ¼ standard error of the mean.
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followed by T 4 and T2. High marginal rate of return was observed in T4
followed by T3 and T5.

4. Discussion

4.1. Chemical composition

The CP value of linseed meal was within the range reported in other
studies (Geremew et al., 2015; Meherunnisa et al., 2017; Ndou et al.,
4

2018). Little variation in CP contents of linseed meal between studies
might be related to variety of linseed, growing agro-ecology and linseed
oil processing methods. The calculated metabolisable energy content of
linseed meal was higher than the value (2724.67 kcal/kg DM) reported
by Ndou et al. (2018). The high metabolisable energy content of linseed
meal indicates that it can also be considered as energy source in broilers
diets in addition to a source of protein. The metabolisable energy and
protein content of treatment rations were within the requirements of
starter and finisher broilers (NRC, 1994). The calcium and phosphorous



Table 4. Effect of replacing soybean meal with linseed meal in broilers ration on carcass parameters.

Parameters Treatments Sex T*Sex

T1 T2 T3 T4 T5 SEM P-Value M F P-Value P-Value

Slaughter weight (g) 1617.5 1657.5 1640.0 1640.8 1460 58.47 0.144 1618.7 1587.7 0.560 0.717

Dreseed weight (g) 1143.7 1217.8 1128.0 1182.5 1107.2 59.91 0.676 1184.5 1127.1 0.280 0.660

Dressing% 70.9 73.5 69.0 72.2 75.5 2.509 0.452 73.23 71.19 0.375 0.585

Kidney weight (g) 9.3a 6.2b 10.7a 6.6b 5.2b 0.824 0.001 7.43 7.73 0.688 0.727

Heart weight (g) 7.8abc 5.3c 9.2a 8.5ab 5.8bc 0.946 0.037 7.5 7.2 0.756 0.387

Gizzard weight (g) 40.5 40 45.5 42.5 40.5 3.62 0.809 42.0 41.6 0.903 0.216

Drumstick weight (g) 128.67 141.33 132.83 125.67 110.33 11.06 0.402 124.4 131.13 0.504 0.657

Drumstick% 7.9 8.5 8.1 7.7 8.1 0.836 0.965 7.81 8.32 0.508 0.880

Thigh weight (g) 147.5 138.17 153.5 122.5 139.17 9.032 0.194 141.67 138.67 0.714 0.403

Thigh% 9.1 8.3 9.4 7.4 9.8 0.606 0.091 8.82 8.76 0.903 0.818

Breast weight (g) 333.8ab 213.7cd 380.3a 279.8bc 194.7d 23.72 0.0007 264.8 196.13 0.155 0.367

Breast% 20.5ab 12.9d 23.0a 16.9bc 13.7cd 1.275 0.0001 16.32 18.55 0.065 0.334

Liver weight (g) 29.8ab 24.3cb 31.3a 27.2abc 21.8c 2.006 0.019 25.87 27.93 0.263 0.850

Abdominal fat weight(g) 18.2a 14.0a 15.5a 11.5ab 2.8b 3.006 0.018 8.67b 16.13a 0.012 0.547

a, b, c, d Means within the row with different superscripts are significantly different, SEM ¼ standard error of the mean,T1, T2, T3 T4, and T5 ¼ 0%, 25%, 50%, 75% and
100% of replacement of Soybean meal by Linseed meal, respectively, M ¼ male, F ¼ female, T*S ¼ treatment-sex interaction, g ¼ gram.

Table 5. Effect of replacing soybean meal with linseed meal in broilers ration on non-edible offal.

Parameters Treatments Sex T*Sex

T1 T2 T3 T4 T5 SEM P-Value M F P-Value P-Value

Spleen weight (g) 1.5 1.17 1.67 1.25 1.17 0.22 0.417 1.37 1.33 0.867 0.766

Lung weight (g) 6.8a 5.3ab 7.2a 6.7a 4.3b 0.58 0.012 6.13 6.0 0.801 0.668

Crop weight (g) 8.2ab 7.83ab 9.3a 5.7b 5.8b 0.87 0.032 7.27 7.47 0.800 0.110

Proventriculus weight (g) 7.7ab 6.3bc 8.7a 6.7bc 5.2c 0.54 0.003 6.6 7.2 0.235 0.564

Small intestine weight (g) 62.5ab 73.8a 74.5a 58.5b 48.5b 4.64 0.004 63.3 63.9 0.887 0.907

Small intestine length (cm) 156.3ab 175.0a 176.3a 144.3b 149.0b 7.42 0.016 160.6 159.8 0.909 0.726

Large intestine weight(g) 3.3 3.0 3.8 2.5 3.2 0.57 0.588 2.87 3.47 0.255 0.526

Large intestine length(cm) 8.27 5.35 7.48 6.75 7.17 0.95 0.311 6.77 7.24 0.585 0.234

Ceca weight (g) 9.17 8.5 9.83 10.3 7.33 1.43 0.621 9.27 8.8 0.720 0.993

Ceca length(cm) 14.1 9.67 13.5 13.5 11.6 1.10 0.057 11.6 13.3 0.095 0.050

a, b, c, d Means within the row with different superscripts are significantly different, SEM ¼ standard error of the mean,T1, T2, T3 T4, and T5 ¼ 0%, 25%, 50%, 75% and
100% of replacement of Soybean meal by Linseed meal, respectively, M ¼ male, F ¼ female, T*S ¼ treatment-sex interaction, g ¼ gram, cm ¼ centimeter.
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concentration of the ration meets the recommended concentration of 1%
Ca, 0.9% Ca; 0.45%P and 0.35%P during starter and finisher phases,
respectively (NRC, 1994).

4.2. Feed intake, body weight gain, feed conversion ratio and mortality

The absence of influence of levels of linseedmeal on feed intake during
starter, finisher and entire phase agreed with Mir et al. (2018) who found
no dietary effect on overall (0–42 days) feed intake when 10% linseed
meal was fed to broilers. In the contrary, Anjum et al. (2013) reported
decreased feed intake with an increase in extruded linseed levels which
they attributed to anti-nutritional factors such as cyanide, linatine and
mucilages. The high body weight gain noted for starter phase at 50%
linseed meal replacement level for soybean was not in accordance with
that reported by Anjum et al. (2013) who found significant decrease in
body gainwith increasing levels of extruded linseed (0, 5, 10 and15%) fed
to broilers. The variation in intake and average daily gain reported in
different literature may be related to the ability of different processing
methods in reducing the contents of anti-nutritional factors of the seed.
The similarity in body weight change during the finisher phase and entire
experiment period is consistent with the findings of Liversidge et al.
(1997) and Meherunnisa et al. (2017) who reported that cyanide toxicity
in linseed can be reduced when properly processed and linseed meal can
5

beused effectively at the level ofmore than5%. Similarly,Mir et al. (2018)
reported no significant difference on body weight gain and feed intake of
broilers up on feeding 10% linseed meal in the compound ration.

The similarity in feed conversion ratio in all phases among different
levels of linseed meal agree with the findings of Shafey et al. (2014) who
observed that diet with up to 8% of flaxseed meal did not affect the feed
conversion ratio. Additionally, Meherunnisa et al. (2017) reported that
linseed meal can be utilized efficiently when treated properly to lower its
anti-nutritional substance. However, contrary to the current study, Mri-
dula et al. (2015) and Mir et al. (2018) observed significant increase in
feed conversion ratio when linseed meal was fed to broilers. The varia-
tion in feed conversion ratio is likely related to the linseed processing
methods employed to reduce anti-nutritional content to increase nutrient
availability and efficiency of utilization to the birds (Anjum et al., 2013).
Mortality occurred was greater than the normal range recommended in
broiler production, but it did not relate to the level of linseed meal
because Chiroque et al. (2018) noted lack of detrimental effects of linseed
meal when used in guinea fowls. Aguilar et al. (2011) and Ahmad et al.
(2013) have not also observed significant morbidity and mortality in the
birds fed linseed meal up to 10% in the ration. The contributing factors
for the high loss encountered are associated to ascites due to poor
ventilation and high feed intake, fast growth rate and predator mainly rat
during the experiment.



Table 6. Production efficiency and economic return of broiler chickens fed linseed meal as a replacement to soybean meal.

Parameters Treatments

Production Efficiency T1 T2 T3 T4 T5 SEM P-Value

Starter EBI 85.03 73.09 130.38 71.39 40.47 10.766 0.089

Starter PEF 93.17 82.29 141.18 78.74 45.73 11.471 0.094

Finisher EBI 264.62 289.08 169.99 257.06 135.25 18.906 0.364

Finisher PEF 370.14 386.18 275.32 354.81 311.82 23.255 0.612

Entire EBI 139.99 161.82 135.21 128.41 106.02 10.341 0.613

Entire PEF 143.58 166.46 139.31 132.09 109.10 10.564 0.608

Partial Budget Cost (Birr)

Day old chick cost (Et.Birr) 30 30 30 30 30

Total feed consumed/bird (kg) 3.91 3.51 4.39 3.93 3.95

Per unit feed cost (Et.Birr) 13.25 14.27 10.91 11.83 11.48

Total feed cost (birr/bird) 51.79 50.11 47.88 46.51 45.34

Revenue (Et.Birr)

Average carcass weight (kg) 1.14 1.21 1.20 1.18 1.10

Carcass price (supermarket) 95 95 95 95 95

Total return (Et.Birr) 108.3 114.95 114 112.1 104.5

Net return/bird (Et.Birr) 56.51 64.84 66.12 65.59 59.16

Marginal rate of return 1.09 1.29 1.38 1.41 1.30

EBI ¼ European broiler index, PEF ¼ Production efficiency factor; T1, T2, T3 T4, and T5 ¼ 0%, 25%, 50%, 75% and 100% of replacement of Soybean meal by Linseed
meal, respectively, Kg ¼ kilogram, Et. Birr ¼ Ethiopian Currency, SEM ¼ standard error of the mean.
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4.3. Carcass yield and internal organs

The dressed weight observed in the current study is similar with
Chiroque et al. (2018) who observed no significant effect on carcass
weight up on inclusion of 20% linseed meal in guinea fowls diet. Chi-
roque et al. (2018) reported improved dressed percentage when 10%
linseed meal was fed to guinea fowls. The drumstick and thigh weight of
the current study is similar with work of Mridula et al. (2015) who re-
ported similar weight among treatments up to 10% levels of linseed to
broilers. But, thigh weight in this study is not similar with Beheshti
Moghadam et al. (2017) who reported higher thigh weight when linseed
was fed to broilers at 20% compared with 10% inclusion. The breast
weight of the present study inconsistently increased in control and 50%
LM and then decreased in 25%, 75% and 100% LM fed groups. In their
findings, Mridula et al. (2011) reported higher breast yield in group fed
flaxseed meal up to 10%, and then decreased at 15% levels of linseed
meal in the diet. On the other hand, Chiroque et al. (2018) fed 0, 10 and
20% linseed and observed improvement in breast weight and thigh yield
up on inclusion of 10% and 20% linseed compared with the control.
Additionally, Aguilar et al. (2011) reported that diets such as linseed
which is rich in polyunsaturated fat improved the carcass and breast
yields. However, the non-linear increase in breast weight observed
among treatment groups with increased levels of linseed meal in the
current study might be due to dissimilar growth patterns by different
body parts of the chicken as suggested by Alkan et al. (2011). Also it
might be related to the rate variation to which body organs increases in
size (Koops and Grossman, 1991). The similar kidney and heart weight
observed between 0%LM and 50% LM fed groups were consistent with
Meherunnisa et al. (2017) who reported no kidney and heart weight
difference with increased levels of linseed meal. Farran et al. (2005);
Mushtaq et al. (2014) reported that the presence of anti-nutritional
substances in the diet affects internal organ size. High heart weight
observed in the control and T3 might be due to the fact that heavier
values of internal organs of animals probably indicate increase in size
(Koong et al., 1985). The similarity observed for gizzard and spleen
weight among treatments agreed with Meherunnisa et al. (2017) who
reported no change of gizzard and spleen weight with increased levels of
linseed meal fed to broilers. On the other hand, high-fiber diets cause an
increase in the gizzard weight due to the fact that fiber is more difficult to
grind than other nutrients and accumulated in the gizzard (Hetland et al.,
6

2003; Martínez et al., 2015). The high liver weight observed at 0%, 50%
and 75% linseed meal fed groups might be indicator of higher metabolic
activity (Zaefarian et al., 2019).

Abdominal fat content decreased with increasing levels of linseed
meal. According to Ferrini et al., (2008) and Kartikasari et al. (2018)
chickens fed diets containing high levels of alpha linolenic acid (ALA)
have less abdominal fat pad accumulation compared with chickens fed
diets containing high levels of saturated fatty acids or monounsaturated
fatty acids. Other findings also confirmed that feeding linseed at 20% led
to decreased fat deposition in chickens (Najib and Al-Yousef, 2011;
Beheshti Moghadam et al., 2017) compared to non-linseed fed group.
The reduction is ascribed to the poly-unsaturated fatty acid content (n-3)
of linseed which activates fatty acid beta-oxidation (El-Senousey et al.,
2013) and also probably due to the suppression of fatty acid synthesis
(Fouad and El-Senousey, 2014) leading to the reduction of abdominal
adipose tissue deposition. The higher abdominal fat content of female in
this study indicates the fact that females have a higher rate of fat depo-
sition than males (Silva, 2012), possibly due to metabolic and hormonal
differences (Tumova and Teimouri, 2010) and also fatty acids synthesis
gene expression related to lipids synthesis is higher in female than male
(de Souza Khatlab et al., 2018).

Majority of non-edible offals such as spleen, large intestine and ceaca
weight was not influenced by dietary treatments. Although, the variation
observed in crop weight among treatment groupsmight be related to feed
particles remained in crop. The high proventriculus weight observed in
the current study might implied that broilers responded to dietary
treatment by increasing enzymatic secretion in the proventriculus to
compensate for rapid passage rate (Satid, 2015). The large lung weight is
associated with metabolic activity of the broilers. Namakparvar et al.
(2014) reported that large lung supports the supply of sufficient oxygen
for body metabolic requirements. The length of small intestine in broilers
was assumed to be related to more efficient digestion of feed and provide
a greater surface area for nutrient absorption and the increase in small
intestine weight allows broiler chickens to reach a heavier body weight
(Jamroz, 2005; Al-Marzooqi et al., 2019).

4.4. Production efficiency and economic return

The performance of broiler birds was also evaluated in terms of Eu-
ropean broiler index (EBI) and production efficiency factor (PEF), which
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includes daily weight gain and survival percentage. A higher value of EBI
and PEF indicates that the bird's body weight gain is uniform and the
flock is in a good health (Bhamare et al., 2016). In the current study, both
EBI and PEF value for starter phase, finisher phase and entire experiment
were similar among the treatment groups. The total cost of production
decreased with increasing levels of linseed meal replacement. The
highest net income was observed for T3 (50% LM) followed by T4 (75%
LM). The highest marginal rate of return with a unit cost of production
was seen in 75% linseed meal fed broilers.

5. Conclusion

The current study revealed that replacement of linseed meal for
soybean meal in broilers ration had no adverse effect on feed intake, feed
conversion ratio and mortality of broilers. Body weight gain and carcass
yield tend to be greater in group consumed ration that consists 50% each
of soybean and linseed meals. The total feed cost decreased with
increasing replacement levels of linseed meal. The highest net return and
marginal rate of return was recorded in T3 (50% LM) and T4 (75% LM)
groups. The result showed that although linseed meal can replace the
100% soybean meal in the ration without detrimental effect on the
health, replacement at 50% (T3) is recommended for better performance
of broilers.
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