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ABSTRACT

Canola meal (CM) is used in all types of poultry feeds, however, because of its relatively low energy; its use in high
energy broiler diets is restricted. No study has been conducted to evaluate the nutritional composition of CM derived
from an Egyptian variety (Serw 4) grown in Egypt for poultry diets. The present study focused on the nutritional
evaluation of Egyptian CM (ECM) compared with soybean meal (SBM). ECM contained lower crude protein (35.98 vs.
50.92%); more ether extract (EE) (10.35 vs. 1.69%), crude fiber (12.58 vs. 3.60), calcium (0.53 vs. 0.32%) and total
phosphorus (1.16 vs. 0.73%) on dry matter basis. ECM contained more inhibitor contents like phytic acid (2.13 vs.
1.29%) as compared to SBM whereas as it had 22.47 umol/gm glucosinolates while it was not determined for SBM.
Compared with SBM, as fed basis ECM contained total essential amino acids (20.44 vs. 19.66%); lower essential amino
acid index (51.32 vs. 54.55%). The first, second and third limiting amino acids of ECM were methionine, phenyl alanine
and isoleucine, while those of SBM were valine, methionine and cysteine, respectively. The biological evaluation of
ECM and SBM was investigated with force-fed adult cockerels assay. Comparable with SBM, ECM had a lower
apparent and true metabolizable energy than that of SBM (1.75 vs. 2.28 Kcal/g) and (2.39 vs. 3.12 Kcal/g), respectively.
The calculated protein replacement value of ECM from SBM in poultry diets was 92.22%. Compared with SBM, ECM
had nearly similar true amino acids availability mean (109.56 vs. 109.06) and similar TAAA of most AA, therefore, it
could be a good alternative protein source for SBM in poultry diets. Generally, the presence of these essential nutrients
implies that CM could be utilized as a safe protein in poultry diets with no detrimental effect on growth performance.
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INTRODUCTION as a promising new vegetable oil crop to overcome some
of the local deficit of vegetable edible oil production as
The scarcity and high prices of protein 98% of the consumption needs of edible oil are being met

ingredients for animal feeding highlight the need for ~ With imported oils (Aswaq Financial Co., 2018). Besides,
extensive studies of all possible sources of protein for ~ providing canola meal as a byproduct rich in protein from
efficient poultry production. Soybean meal is considered ~ ©il extraction process which would be a good source of
the main protein source in poultry feed formulations ~ Protein in both ruminants and poultry diets.

worldwide including Egypt. Low availability of locally Several advantages are favoring canola to be
produced soybean meal in Egypt caused a dependence ~ &rown in Egypt such as it is an annual winter oil crop
mainly on importing large amounts of it and increasing with short duration period (4-5 months), limited water
its prices. It is important to know that, Egypt's soybean requirements, high seed yield in new reclaimed soils and
production prediction for the 2021-22 marketing year relatively high oil content (El-agroudy et al., 2018). The
stays constant at 25,000 tonnes while Egypt's soybean success of canola cultivation in a newly reclaimed land
consumption is predicted to rise by 2.2 percent from 4.54 outside the old one of Nile valley contributed to avoiding
to 4.64 million tonnes in the 2021-22 marketing year, the strong competition with other strategic winter season
attributed to rising demand from soy crush facilities. crops like wheat and Egyptian clover. There were several
Thus, soybean imports are expected to rise by 0.2 million canolq varieties elthe.r forglgn origin like AD201, Pactol
tonnes to 4.6 million tonnes in the 2021-22 marketing and Silvo or local origin like Serw 4 and Serw 6 grown
year, according to the USDA (2021). under the environmental conditions of Egypt. All of these

At the same time, the declining profit of poultry varieties including the local varieties containing low oil’s
industry due to increasing prices of the main raw Erucic acid (less than 2%) which ranges from 0.26-1.53%
feedstuffs forced them to search for cheaper alternative and low meal’s glucosinlates which ranges from 4.30-

protein. In Egypt, canola has been recently more popular
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5.97 pmol/gm (Mekki, 2013) and less than 30 pmol/gm
according to Canola Council of Canada (2019).

The efficient use of relatively low-cost non-
conventional feed resources depends on their chemical
and physical properties for sustainable animal production
(Sebola et al., 2017). Canola meal is a good source of
most vitamins and minerals especially sulphur, selenium,
phosphorus and B vitamins (Canola Council of Canada,
2019). Even though canola meal has lower mineral
availability than that of soybean meal, it still contains
higher available mineral content that attributed to its
higher contents of total minerals compared with soybean
meal. Therefore, it would be considered a better source of
minerals (Bederska-Eojewska et al., 2017). With all these
advantages, still Egyptian feed companies are not using
canola meal in animal and poultry diets formulations as a
raw feed material that could be a good alternative protein
source for soybean meal.

The term dietary fiber refers to edible
components of plant cell walls, which are not digestible
in the small intestine, but are fermented in the large
intestine by gut microbiota (Williams et al., 2019). Non-
starch polysaccharides, lignin and polyphenols, and
structural proteins and Maillard reaction products are all
part of dietary fiber (Yvonne and Victoria, 2016). Fiber
components of canola meal include non-starch
polysaccharides, which mainly originate from the hull
fraction of the seed and account for 18-20% of the meal
(Khajali and Slominski, 2012). The major non-starch
polysaccharides polymers of canola meal are Pectic
polysaccharides which include rhamnogalacturonans and
xylogalactouronan backbones with associated side chains
of arabinose, galactose and xylose polymers. Other
polysaccharides such as arabinans, arabinogalactans,
galactans, xyloglucans, galactomannans and mannans are
also exist (Pustjens et al., 2013).

The non-starch polysaccharides are not degraded
by poultry endogenous enzymes, and thus increase gut
viscosity and the passage rate of digesta and consequently
decreases nutrient utilization (Raza et al., 2019). Canola
generally  contains  biologically active chemical
compounds such as phytates, non-starch polysaccharides
and tannins (Khajali and Slominski, 2012), which can
reduce the digestibility of nutrients. Although the protein
quality of canola meal is comparable to that of soybean
meal, certain important amino acids, notably lysine, is
shown to have lesser bioavailability than that of soybean
meal due to the occurrence of mallard reaction during
canola cake/meal processing (Feng and Zuo, 2003).

Metabolizable energy is the most commonly
term used for describing the calorific value of diets
formulated for poultry. It is particularly useful for poultry
due to its ease of measurement since excreta represents
both urinary and fecal energy output. In this respect, a
rapid and simple technique in which the energy excreted
is corrected for metabolic and endogenous energy losses
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to obtain the true metabolizable energy values (Kim et
al., 2010). A major advantage of the true metabolizable
energy system is that it removes the variations due to
differences in feed intake. On the other hand, the
determination of the nutritive value of a protein feed
requires knowledge not only of the total but also the
available amino acid content of the protein. The bioassay
of true metabolizable energy has been extended to
include determination of amino acid availability (Kim et
al., 2010).

Evaluating the potential of Egyptian canola
meal, as a non-conventional feedstuff in diets of
chickens, is important since the cost of feeding chickens
for optimum growth performance has become high. The
ability of chickens to digest and utilize Egyptian canola
meal is largely unknown yet and is critical, if this feed
resource is to be incorporated in chicken diets.

The aim of the present study was to determine
the chemical composition and biological values of
Egyptian canola meal produced from canola seed variety
locally bred and cultivated in Egypt. Also, the objective
of study was to highlight its potential as feed ingredient
(protein source) in poultry diets through determining the
energy values, the amino acids availability values and the
protein biological value of Egyptian canola meal as
compared to soybean meal.

MATERIALS AND METHODS

Animal housing and handling procedures were
approved by the Institutional Animal Care and Use
Committee (CU-IACUC), Cairo University, Egypt, with
approval number CU-11-F-17-20, on March 2020.

Local variety of canola seed (Serw 4) was
obtained from Oil Crops Research Department, Field
Crops Research Institute (FCRI), Agricultural Research
Center, Egypt. Double mechanical cold pressing was
done in Elmahala Alkobra- Algharbia Governorate-
Egypt, to obtain Egyptian canola meal (ECM). Soybean
meal (SBM) was obtained from Aldakahlia for poultry
production company, Egypt.

For ECM and SBM, proximate composition
including moisture, crude protein (CP), ether extract
(EE), crude fibre (CF), ash, amino acids (AA), total
calcium (Ca) and total phosphorus (P) were determined
by the methods of Association of Official Analytical
Chemists (AOAC, 2019) using triplicate samples for each
determination. The amount of nitrogen free extract (NFE)
was obtained by difference. Glucan and mannan non-
starch polysaccharides (NSP) were determined by High
Performance Liquid Chromatography (HPLC) as
described by Casterlin et al. (1999).

Fractions of neutral detergent fiber (NDF), acid
detergent fiber (ADF) and acid detergent lignin (ADL)
were determined according to the methods of Van Soest
et al. (1991) using an ANKOM 220 fiber analyzer
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(ANKOM  Technology Corporation, NY, USA).
Hemicellulose was calculated as NDF — ADF, cellulose
as ADF — ADL and lignin as ADL — insoluble ash.
Glucosinolates (GLS) were determined by High-
performance liquid chromatographic (HPLC) using the
procedure of Herzallah and Holley (2012). Total phenolic
compounds were assayed according to the Folin-
Ciocalteu method (Attard, 2013). Phytic acid was
determined by using wade method according to AOAC
(2019). ECM was subjected to phytochemical analysis for
qualitative determination of tannins according to the
methods described by Nyam et al. (2009).

On the basis of AA composition, the chemical
score (CS) and essential AA index (EAAI) were
calculated according to Block and Mitchel (1946) and
Oser (1951), respectively. Cs represents the first limiting
AA (the essential amino acid in the greatest deficit) is
calculated by the following equation:

_ g amino acid per 100g of test protein
ST g amino acid per 100g of reference material

Essential amino acid index (EAAI) is calculated as

follows:
100 100b 100 100j
EAAI:n\/ < x Cox—2
ae be Ce Je
Where: a, b, c,......... j are percentages of the essential

amino acids in the tested feed protein.

ae, De, Ce,...... je are percentages of the same essential
amino acids in albumin protein.

n is the number of amino acids entering into the
calculation.

The ECM biological evaluation was conducted
on a number of 12 adult Single Comb Rohde Island (S. C.
R. I.) cockerels obtained from El-Takamoly project, El-
Fayoum Governorate. Cockerels of nearly similar body
weight were individually allocated in metabolic cages
present in digestion chamber, Regional Center for Food
and Feed (RCFF) providing facilities to collect excreta
free from feathers or feed. Feed and water were provided
ad libitum till starting the assay.

The technique used for true metabolizable
energy determination was carried out according to Kim et
al. (2010). Four birds were used for each test material.
Birds were fasted for 24 hrs to empty their digestive tract
and then two groups of four cockerels were force-fed
30.1 g of SBM (45.32% CP) and 40 g of ECM (34.11%
CP) using a long stem funnel. Besides, four birds of the
third group were kept starving and used for determining
the endogenous losses. Excreta were collected after 48
hrs, freed from any feathers, dried at 55° C, equilibrated
with atmospheric moisture, weighed, ground and kept for
gross energy (GE) and AA analysis. GE was determined
on the test materials and the dried excreta using an
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adiabatic oxygen bomb calorimeter "Parr 6400"
depending on operation instruction manual for models
produced after October 2010, NO. 587M Revision
05/16/2011 "Parr Instrument Company". The energetic
values, either apparent or true metabolizable energy
(AME or TME) were calculated as described by Kim et
al., (2010) using the following equations:

Kcal El — EE;

AME( ) =

EI — (EE; — EE)

TME (Kcal/g) = I
f

Where: El: Energy intake (feed intake in grams x gross
energy in Kcal/g).

EEs. Energy voided in excreta of fed birds (grams of
dried excreta of fed birds x gross energy in Kcal/g).

EEs: Energy voided in excreta of starved birds (grams of
dried excreta of starved birds x gross energy in Kcal/g).
Fls: Feed intake of fed birds in g/bird.

An experiment was also undertaken to determine the
protein replacement value (PRV) of ECM as replacer of
SBM protein throughout the same technique (Kim et al.,
2010) by using the following equation:

A—- B

PRV = ———
N intake

Where: A = N balance for standard protein in mg per
basal Kcal.

B = N balance for protein under investigation in mg per
basal Kcal.

N intake: the nitrogen intake for the two proteins where
they had the same value of nitrogen.

The true AA availability (TAAA) value was calculated as
described by Kim et al. (2010).

The recorded/calculated data for different parameters
were subjected to statistical analysis through T test
procedure of SAS program (SAS, 2010).

RESULTS AND DISCUSSION

Chemical Analysis: The proximate composition of the
tested ECM as fed and on dry matter (DM) basis is
shown in Table 1. Egyptian Canola meal (ECM) is the
residue remaining after the removal of the greater part of
oil from Egyptian cultivar origin canola seed. ECM had
significantly lower moisture, lower CP, higher EE, higher
CF, similar ash and similar NFE than the corresponding
values for SBM.

The moisture content of ECM (5.2%) was less than 10%
indicating the possibility of storing such material for a
long time without deleterious effects. The high CF
content of ECM (12.58%) would reduce its nutritive
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value for poultry. This would indicate that ECM could
not be used as a sole feed in chicken diets, but could only
partially replace SBM in poultry feeds based on corn-
SBM. The obtained results of proximate analysis of ECM
were in general agreement with the proximate analysis of
CM reported by Nega and Woldes (2018). The higher CF
content of ECM (12.58% on DM basis) than CF content
of SBM (3.60% on DM basis) agreed with the difference
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between CF level of CM ranged from 8.0-9.91% and the
range (3.38-4.53%) of SBM content (Chen et al. 2015)
and the CF content of CM ranged from 9.54-12.20% and
CF content of SBM (7.0%), reported by Nega and
Woldes (2018). The variation between CF content of both
ECM and SBM in the present study and that reported in
previous studies may be due to de-hulling and extraction
processes of CM.

Table 1: Proximate analysis (%) of Egyptian canola meal (ECM) and soybean meal (SBM).

Nutrient ECM SBM Difference Pr> |t
As fed (%0)

Moisture 5.20+0.64 11.00£0.58 -5.81 0.0006
CP 34.11+2.34 45.32+0.86 -11.21 <.0001
EE 9.81+0.89 1.50+0.24 8.31 <.0001
CF 11.93+0.97 3.20+0.04 8.73 <.0001
Ash 6.40£0.52 6.30+0.30 0.10 0.8930
NFE 32.55+1.75 32.68+1.21 -0.13 0.9277
DM basis (%)

Moisture 0 0 - -
CP 35.98+1.61 50.92+2.77 -14.94 <.0001
EE 10.35+0.64 1.69+0.31 8.66 <.0001
CF 12.58+0.69 3.60+0.19 8.98 <.0001
Ash 6.75+0.58 7.0840.50 -0.33 0.7021
NFE 34.34+1.32 36.72+1.28 -2.38 0.1484

DM basis: dry matter basis.

The CP content of the tested ECM (34.11%) was
significantly lower than that of SBM (45.32%) as fed
basis. The lower CP content of the tested ECM than that
of SBM is at the same line of previous studies that
reported a significantly lower CP level of CM than that of
SBM (Gorski et al., 2017; Nega and Woldes, 2018).
Regard to the CP content of ECM, some studies
(Kasprzak et al., 2017; Wang et al., 2017) reported a
higher CP content of CM (37.8-43.9% and 36.2-41.9%,
respectively). In contrast, there are other studies reported
a lower CP content of CM compared with CP content of
the tested ECM, In this connection, Jahan et al. (2013)
and Bryan et al. (2017) indicated that CM contained
28.5% and (29.4-31.3%) CP, respectively. These analysis
of CM variations attributed to the variation of cultivar,
growing conditions especially weather and soil
characteristics, extraction method, processing effect,
Ether extract (EE) content of the meal (Canola Council of
Canada, 2019) and the amount of hulls which are
removed. Although the CP content of tested ECM
(34.11%) is lower than that of tested SBM (45.32%), it
compared favorably with some oilseed meals which are
used in poultry diets such as cottonseed meal, sunflower
meal, linseed meal, flaxseed meal and peanut meal
(Ravindran and Blair, 1992).

The EE values of CM varied with variation of
extraction method and the processes used. As known,
generally the expeller pressed (double pressed) CM has
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higher EE value than the pre-press solvent extracted CM
but lower than that resulted from the cold pressing
method. The present EE value of 9.81% for the double
mechanical pressed tested ECM was markedly higher
than the 1.50 % of the tested SBM. This indicated EE
value is in the range of EE values for the expeller pressed
CM (8-12%) reported by Canola Council of Canada
(2019). The higher of EE content of ECM than that of
SBM is in concurrent with the difference between EE
content of CM and that of SBM that determined by Chen
et al. (2015). It is well known that the solvent extraction
method is more efficient in terms of oil removal and less
than 2% of the oil could remain in the meal. Expeller
processed meals on the other hand, usually contain higher
residual oil (8-12%). Pre-press solvent extraction is
another method usually used to remove the oil from
canola seed and yields meals of the lowest oil content. In
this regard, Canola Council of Canada (2019) reported
that expeller processed meal contained more EE than pre-
press solvent meals because a higher level of residual oil
is intentionally left in expeller processed meal to prevent
damage to its nutritional quality caused by higher
processing temperature. Therefore, using different
methods for oil extraction could explain the wide range
of EE content of CM reported in the literature.

It was also found that de-hulling the seeds
before oil extraction could affect the nutrient content of
CM by improving the nutritional value of the obtained
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meal (Khajali and Slominski, 2012). Therefore, a meal
containing the lowest values for both CF and EE and the
highest value for CP could be produced from removing
the hulls and using solvent extraction method during
processing.

The ash content (6.75% on DM basis) of tested
ECM was similar to that of SBM (6.3%) and within the
range of published data for expeller pressed CM ash of
several investigators (Leming and Lember, 2005;
Thacker and Petri, 2009). Whereas ash level of the tested
SBM in the present study is in the same line of the ash
content of SBM (6.47% as average) reported by
Ravindran et al. (2014).

In general, the wide variation in the chemical
composition of CM among the reported values in the
literature and those of the tested sample (ECM) could be
mainly attributed to the different varieties or cultivars
used. Moreover, the values may vary widely depending
on the degree of de-hulling, processing method, oil
extraction procedure and even the size of the seed.
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Canola meal is considered as a quality source of
essential minerals (Table 2). The current study showed
that ECM had a significantly higher Ca and P as
compared to SBM (Table 2). Gorski et al. (2017) and
Wang et al. (2017) determined that CM contains higher
Ca and P contents than SBM. Although 65 % of the total
P in CM is in the phytate form which is not available for
monogastric animals, it is still a better source of Ca and P
compared to SBM where CM is containing 0.38%
nonphytate (available) P compared to other ingredients
0.28, 0.23, 0.09, 0.26, 0.07, and 0.13% for SBM,
cottonseed meal, wheat, wheat bran, corn, and barley,
respectively (Chen et al., 2015; Gorski et al., 2017).

The results obtained from this study revealed
that ECM contains 0.53% and 1.16% for total Ca and
total P, respectively, on DM basis. These results are in
close agreement with those provided for Australian
canola meal and Canadian canola meal (Spragg and
Mailer, 2007; Canola Council of Canada, 2019).

Table 2: Minerals and anti-nutritional factors of Egyptian canola meal (ECM) and soybean meal (SBM)

Analysis ECM SBM Difference Pr> |t
As fed

Ca (%) 0.50+0.05 0.29+0.01 0.21 <.0001
P (%0) 1.10+0.12 0.65+0.01 0.45 <.0001
Total phenolic compounds (gallic acid) (ppm) 7868 NA - -
Phytic acid (%) 2.02+0.42 1.15+0.15 0.87 <.0001
Tannins (%) 1.10+0.21 0.14+0.01 0.96 <.0001
Mannan (%) 5.63+0.85 1.24+0.05 4.39 <.0001
Glucan (%) 10.52+0.65 4.63+0.06 5.89 <.0001
NDF (%) 20.98+0.86 11.90+0.48 9.08 <.0001
ADF (%) 18.24+0.47 8.20+0.14 10.04 <.0001
ADL (%) 9.01+0.66 0.58+0.01 8.43 <.0001
Hemi cellulose (%6) 2.73+0.45 3.70+0.01 -0.97 <.0001
Cellulose (%0) 9.23+0.75 7.62+0.49 1.61 <.0001
Lignin (%) 8.16+0.02 1.85+0.01 6.31 <.0001
Glucosinolates (umol. g™2) 21.30 NA - -
DM basis

Ca (%) 0.53+0.04 0.32+0.01 0.21 <.0001
P (%) 1.16+0.01 0.73+0.01 0.43 <.0001
Total phenolic compounds (gallic acid) (ppm) 8300 NA - -
Phytic acid (%) 2.13+0.18 1.29+0.03 0.84 <.0001
Tannins (%) 1.16+0.08 0.15+0.01 1.01 <.0001
Mannan (%) 5.64+0.78 1.39+0.58 4.25 <.0001
Glucan (%) 11.09+1.10 5.20+0.22 5.89 <.0001
NDF (%) 22.13+1.78 13.37+0.58 8.76 <.0001
ADF (%) 19.24+0.96 9.21+0.37 10.03 <.0001
ADL (%) 9.50+0.01 0.65+0.01 8.85 <.0001
Hemi cellulose (%0) 2.88+0.28 4.16+0.02 -1.28 <.0001
Cellulose (%0) 9.74+0.88 8.56+0.18 1.18 <.0001
Lignin (%) 8.61+0.76 2.08+0.01 6.53 <.0001
Glucosinolates (umol. g% 22.47 NA -

Ca: calcium, P: phosphorus, NDF: neutral detergent fiber, ADF: acid detergent fiber, ADL: acid detergent Ilgnln

NA: not applicable.
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Regard to the inhibitors content of ECM, the
total GLS content of 22.47 umol. g™t meal (on DM basis)
as shown in Table- 2 agreed with (Chen et al., 2015;
Aljuobori et al., 2016). Whereas was at least twice higher
than the GLS values previously determined in expeller
extracted as well as solvent extracted CM samples
(Toghyani et al., 2014; Canola Council of Canada, 2019),
although was still lower than 30.0 zmol.g™%, which is the
defined value for CM (00-rapeseed) (Canola Council of
Canada, 2019). Processing temperature during oil
extraction affects the content and composition of GLS in
CM. Spragg and Mailer (2007) reported that increasing
level of heat during processing, with both expeller and
solvent extracted meals showing a decline of GLS levels
compared to cold press meals. It seems that both seed
source and lack of added heat during double cold press
oil extraction may have contributed to the higher GLS
content of the ECM used in the present study.

Data illustrated in Table-2 reveal that ECM also
contains 2.13% phytic acid (on DM basis), whereas SBM
contains lower phytic acid compared with ECM (1.29%
on DM basis) (Table 2). Phytate has the ability to chelate
cations such as iron, sodium, sulfur, calcium, zinc, copper
as well as proteins (Khajali and Slominski, 2012).

Tannins are complex polyphenolic structures
with the molecular weight of 500 to 3000 Da. CM
contains 1.5 to 3% tannins with higher levels observed in
brown-seeded canola in comparison with its yellow-
seeded counterpart (Khajali and Slominski, 2012; Canola
Council of Canada, 2019). The tannins in CM are
primarily insoluble and associated with the hull, and do
not appear to have the same negative effects on
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palatability and protein digestibility that they do in other
plants (Khajali and Slominski, 2012). On dry matter
basis, the percent tannins obtained from ECM was 1.16
significantly higher than the tannins content 0.15% of
SBM (Table 2). The ECM tannins content in the present
study was in agreement with previous studies (Khattab et
al., 2010; Mansoori et al. 2015). Results of current study
showed that NSP-glucan and NSP-mannan for ECM were
11.09% and 5.94% on DM basis, respectively. Whereas
tested SBM had a significantly lower NSP-glucan and
NSP-mannan (5.20% and 1.39% on DM basis) as
compared with ECM contents.

Amino Acids (AA): The essential AA (EAA), the
calculated values for chemical score (CS) and essential
amino acid index (EAAI), as well as the limiting AA
(LAA) in the tested ECM compared to those of SBM are
shown in Table 3. Compared with SBM, ECM contained
significantly similar percentage of threonine, isoleucine,
histidine, lysine, methionine and tryptophan, whereas it
contained significantly higher percentage of valine,
(methionine + cysteine) and total EAA. On the other
hand, it contained significantly lower percentage of
(glycine + serine), leucine, (phenylalanine + tyrosine),
phenylalanine, arginine and EAAI. With exception of
valine percentage which was significantly lower in CM
compared with SBM, the profile of AA in ECM
compared with that of SBM in current study was in the
same line of the profile AA of CM compared with that of
SBM reported by Gorski et al. (2017); Wang et al. (2017)
and Nega and Woldes (2018).

Table 3: Essential amino acid (EAA) composition (%), chemical score (CS), limiting amino acid (LAA) and
essential amino acid index (EAALI) of Egyptian canola meal (ECM) and soybean meal (SBM), based upon

albumin as standard

Amino acid ECM (%) SBM (%) Difference Pr> |t Alb. Std (%)
Threonine (THR) 1.21+0.14 1.49+0.11 -0.28 0.2817 2.69
Glycine (GLY)+ Serine (SER) 2.68+0.16 3.43+0.08 -0.75 0.0194 6.62
Valine (VAL) 1.71+0.17 1.22+0.13 0.49 0.0540 4.31
Isoleucine (ILE) 1.28+0.11 1.71+0.01 -0.43 0.1193 3.32
Leucine (LEU) 2.19+0.17 3.18+0.16 -0.99 0.0058 5.17
Phenylalanine (PHE)+Tyrosine (TYR) 2.51+0.21 3.48+0.32 -0.97 0.0064 6.26
Phenylalanine (PHE) 1.54+0.11 2.13+0.14 -0.59 0.0471 3.86
Histidine (HIS) 1.00£0.10 1.1620.01 -0.16 0.5244 1.19
Lysine (LYS) 2.00+0.23 2.28+0.64 -0.28 0.2817 3.59
Arginine (ARG) 2.20+0.22 2.85+0.11 -0.65 0.0335 3.24
Methionine (MET)+Cysteine (CYS) 2.44+0.11 1.40+0.03 1.04 0.0046 421
Methionine (MET) 0.82+0.19 0.71+0.01 0.11 0.6586 2.36
Tryptophan (TRP) 0.48+0.01 0.65+0.01 -0.17 0.4998 1.21
Total EAA 20.44+1.14 19.66+0.88 0.78 0.0165 46.18
EAAI 51.32+1.13 54.55+1.74 -3.23 <.0001 100
Cs 34.7540.96 28.31+0.63 6.44 <.0001

First LAA MET VAL - -

Second LAA PHE MET - -

Third LAA ILE CYS - -
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Most of the AA values in ECM (Table 3) were
in general agreement with the published data of AA
profile of CM by several investigators (Radfar et al.,
2017; Bryan et al., (2019); Canola Council of Canada,
2019). Variability in AA composition of CM in literature
could not only be due to the cultivar or variety used, but
might be also due to the processing conditions specially
the method of fat extraction (Canola Council of Canada,
2019). In addition, this variation is largely due to the
method of AA determination.

Based on the AA content of albumin (Alb.)
protein as standard (Std), the CS values were calculated.
The CS values calculated in the present study clearly
showed that the methionine was the first LAA in ECM
with value of 34.75% which was significantly higher than
28.31% that represents the value of the first LAA (valine)
in SBM for chickens. The second LAA of ECM was
phenyl alanine, while, isoleucine was the third LAA. The
corresponding ones of SBM were methionine and
cysteine, respectively. Conflicting results were reported
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about the LAA in CM by Newkirk (2011) and Ivanova et
al. (2016) who reported that lysine is the first limiting
amino acid of CM.

The present results of AA composition showed
that ECM contained a reasonable amount of EAA which
compared favorably with some other oilseed meals such
as SBM and cotton seed meal (Khajali and Slominski,
2012). Wickramasuriya et al., (2015) reported that AA
content of CM compares well with that of SBM, the
former being richer in methionine while the poorer in
lysine.

Biological Evaluation: The values of AME and TME of
the tested ECM (1.75 and 2.39 Kcal/g, respectively) were
significantly lower than that of SBM which were 2.28
and 3.12 Kcal/g, respectively, although, the GE of ECM
(4.66 Kcal/g) showed higher value than that of SBM
(4.23 Kcal/g). While, the determined protein replacement
value of ECM protein was 92.22% from SBM protein
(Table 4).

Table 4: Gross energy (GE), apparent and true metabolizable energy (AME and TME) values (Kcal/g) of
Egyptian canola meal (ECM) and soybean meal (SBM) and the protein replacement value (PRV) (%) of

ECM from SBM

Test material ECM SBM Difference Pr> |t
GE 4.66x0.03 4.23+0.01 0.43 <.0001
AME 1.75+0.01 2.28+0.02 -0.53 <.0001
TME 2.39+0.01 3.12+0.04 -0.73 <.0001
PRV 92.22 - - -

The GE value of ECM (4.66 Kcal/g) was within
the range of GE of CM determined by Olukosi et al.
(2017) and Veluri and Olukosi (2020). Generally,
variations in GE contents of CM that reported in
literature could be attributed to the nutrient composition
of such meals, especially the EE content. In this regard,
the expeller processed CM contained more EE than
prepress solvent meals which is directly reflected on the
energetic value of such meal (Canola Council of Canada,
2019). The GE content of a feedstuff is not necessarily all
available to the bird. Therefore, the bioavailability of
energy was measured as metabolizable energy (ME),
which is considered the most available value in
evaluating poultry feeds.

The present AME value of ECM is in general
agreement with that reported by Askbrant (1988) who
recorded a range of 1.737 to 1.934 Kcal/g DM for three
different cultivars of CM and lower than that reported by
Lee et al. (1995) wherein nitrogen corrected AME
(AMEN) was 1.980 Kcal/g.

The correction of AME values for metabolic
fecal plus endogenous urinary energy (endogenous
energy losses "EEL") causes the TME values to be
greater than the corresponding AME values for the tested
ECM as well as for SBM. The resulting TME of ECM
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increased by 36.57% than AME whiles its value of SBM
increased by 36.84% than AME. In this connection,
Yamazaki (1987) obtained a wider range of variation
among the increased values of TME when he calculated
the difference between AMEn and TME values being
from 9.5% for sesame seed meal to 30.6% for CM.

The lower AME of ECM compared with SBM
in the current study agreed with the results reported by
Gorski et al. (2017); they reported a lower range of AME
of CM (2.0-2.2 Kcal/g) than the AME of SBM which
recorded 2.44 Kcal/g. The TME value of the tested ECM
(2.39 Kcal/g) was in general agreement with those ranged
from 220 to 2.53 Kcal/g as reported by several
investigators (Sibbald et al., 1990; Rostagno et al., 2017).

Such discrepancies among the present results of
ME values of ECM and those reported previously by
some investigators could be due to the cultivar of the
tested sample as well as the method of processing,
especially the method of fat extraction. Moreover, the
presence of toxic materials in CM (Conaway et al., 2002)
might adversely affect the ME value of CM. Moreover,
the available carbohydrate content (Perween et al., 2016)
and the age of the birds (Stefanello et al., 2016) could be
other reasons for such discrepancies. In general, although
the tested ECM contained lower ME value than those
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recorded for SBM, it is still compares favorably with
those of other oilseed meals such as cotton seed meal and
sun flower meal (Khajali and Slominski, 2012).

The results of True AA availability (TAAA) for
ECM and SBM are shown in Table-5. The damage of AA
availability may occur as a result of the reaction within
the protein or with other components like reducing sugars

J. Anim. Plant Sci., 32 (4) 2022

or with lipids (Toda et al., 2014). This observation was
supported by the low moisture content of such test
material (5.2%). It seemed that an overheating process
was used to dry the material for the purpose of prolonged
storage or used during the processing procedure to
alleviate the effects of the toxic substances present in
seeds.

Table 5: True amino acids availability (TAAA) of Egyptian canola meal (ECM) compared to soybean meal (SBM)

(%)
Ami id TAAA

Mino acl ECM SBM Difference Pr > |t
Aspartic (ASP) 104.46+2.21 99.85+1.22 4.61 0.0367
Threonine (THR) 96.56+2.18 105.82+1.03 -9.26 0.0017
Serine (SER) 107.26+1.33 108.88+0.99 -1.62 0.3833
Glutamic (GLU) 99.48+1.15 100.85+1.11 -1.37 0.4568
Glycine (GLY) 181.88+3.44 165.62+1.26 16.26 <.0001
Alanine (ALA) 101.46+1.02 96.32+1.13 5.14 0.0245
Valine (VAL) 95.48+0.047 102.46+0.84 -6.98 0.0067
Isoleucine (ILE) 100.42+1.02 100.19+1.05 0.23 0.8982
Leucine (LEU) 104.17+1.18 100.52+1.08 3.65 0.0584
Tyrosine (TYR) 121.51+0.21 117.04+0.18 4.47 0.0410
Phenylalanine (PHE) 117.1940.01 108.61+0.24 8.58 0.0025
Histidine (HIS) 129.12+1.58 121.84+1.44 7.28 0.0055
Lysine (LYS) 92.39+0.87 95.91+0.47 -3.52 0.0571
Arginine (ARG) 109.31+1.12 104.80+0.96 451 0.0397
Proline (PRO) 108.70+1.22 115.21+0.87 -6.51 0.0092
Cysteine (CYS) 94.50+1.23 106.28+1.73 -11.78 0.0005
Methionine (MET) 98.70+2.11 103.76+1.54 -5.06 0.0260
Tryptophan (TRP) ND ND - -

ND: not detected

The storage condition might be another factor
for such damage of lysine. The canola seeds might have
been stored for a long time without controlled conditions
under the relatively high environmental temperature at
summer weather in Egypt. Such kind of feeds must be
stored under controlled conditions to keep the fat content
in good quality i.e. prevent the rancidity and avoid any
deterioration to the protein quality of canola seeds or CM.
Therefore, the nutritionists must be award of this
complex situation as they are responsible for the precise
assessment of the AA requirements to ensure efficient use
of protein resources. For meeting the protein
requirements of a bird, it is necessary to match the AA
composition of the feed with the needs of the bird. The
best way of doing this is to use appropriate available AA
values rather than total content.

However, Canola Council of Canada (2019)
reported possibility of available lysine reduction because
of heat treatment that used through CM production. It is
obvious that the true lysine availability mean value of
ECM (92.39%) is lower than that of SBM (95.91%). The
true lysine availability value of 92.39 % in the tested
ECM was markedly similar to the published value that
being 92% (Ravindran and Bryden, 1999), whereas it was
higher than 82.8% that reported by Lee et al. (1995). The
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low availability of lysine in ECM could be due to some
factors such as light, heat, alkali and reducing sugars
(Canola Council of Canada, 2019), as a result of which
some lysine becomes nutritionally unavailable.

The TAAA of ECM ranged between 92.39% for
lysine and 129.12% for histidine which is higher than the
reported TAAA range of 82.40% for tyrosine to 92.6%
for histidine that obtained by Lee et al. (1995), whereas
that of SBM ranged between 95.91% and 121.84% for
the same amino acids of ECM (Table 2), respectively,
indicating the high protein value of ECM. Therefore, the
PRV of ECM was biologically determined based on SBM
protein as the standard. The results showed that ECM is a
rich source of protein that could successfully replace
SBM protein up to 92.22% in poultry feeds (Table 4).

Compared with the SBM, the mean TAAA of
the tested ECM (109.56%) was nearly similar to that
calculated for the tested SBM (109.06%); therefore, it
could be a good alternative protein source for SBM in
poultry diets. The average TAAA value of ECM
(109.56%) was higher than the reported range of 87 to
90% that obtained by Lee et al. (1995) for CM.

Conclusion: Based on the data observed, ECM could be
a good source of nutritional and chemical components



Ghazalah et al.,

that can be exploited in poultry feeding. The presence of
these important components means that ECM could be a
valuable dietary ingredient to improve poultry
performance. However, the anti-nutritional factors
present in ECM could be reduced through the use of
specific enzymes.
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