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ABSTRACT

This study intended to investigate the effects of canola meal fermentation on its nutritional characteristics and broiler
chickens growth performance using Lactobacillus fermentum and Bacillus subtilis and Aspergillus oryzae. In this
experiment, 280 male Ross day-old chicks were randomly assigned to 7 experimental treatments with 4 replicates
containing 10 chicks each. Treatments included control diet, canola meal and fermented canola meal at 3 levels (5, 10
and 15%) each. Results indicated that fermentation of canola meal reduced the amount of glucosinolates and amino
acids methionine and cysteine by 50%, while its sulfur content increased about 50% and protein content of fermented
canola meal increased by 2.2%. At the level of 15%, processed and unprocessed canola meal had no effect on growth
performance, weight of carcass parts, tibia mineralization and nutrient digestibility in grower, finisher and whole
period .1t is concluded that fermented canola meal increased TSH and ACTH levels. Also intestinal viscosity
increased with consumption of both types of meal (P <0.05) but had no effect on jejunal morphology and ileum pH.
canola meal meal (processed or unprocessed) can be used up to 15% in broiler diets without any adverse effect.
However fermentation process reduces the glucoseinolate level significantly.
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Table 1. The ingredients and nutrients composition of diet in starter, grower and finisher periods of broilers

Starter diet Grower diet (11-24d) Finisher diet (25-42d)
Ingredients (%) (1-10d) Canola meal (%)  Fermented canola meal (%) Canola meal (%)  Fermented canola meal (%)

0 5 10 15 5 10 15 0 5 10 15 5 10 15
Corn 51.2 59.28 57.36 554 5358 5780 5635 5473 66.28 6431 6237 6042 6476 6326 61.67
Soybean meal 40.7 346 311 276 24 30.7 26.7 230 283 248 213 178 244 20.5 16.7
Canola meal 0 0 5 10 15 0 0 0 0 5 10 15 0 0 0
Fermented canola meal 0 0 0 0 0 5 10 15 0 0 0 0 5 10 15
Soybean oil 3.65 225 277 328 38 271 3.16 361 185 236 287 34 2.3 2.75 321
Dicalcium phosphate 1.85 16 155 15 145 155 15 145 135 13 13 125 13 13 125
Calcium carbonate 11 10 095 095 09 095 0.95 090 095 095 090 085 095 0.90 0.85
Sodium chloride 0.3 028 027 026 025 027 0.26 025 027 027 025 025 027 0.25 0.25
Mineral premix1 0.275 025 025 025 025 025 0.25 025 025 025 025 025 025 0.25 0.25
Vitamin premix2 0.275 025 025 025 025 025 0.25 025 025 025 025 025 025 0.25 0.25
DL- Methionine 0.33 028 027 027 026 028 0.27 027 025 025 024 024 025 0.25 0.25
Lysine HCI 0.2 016 018 019 021 019 0.21 0.24 02 021 022 024 022 0.24 0.27
Threonine 0.1 005 005 005 005 005 0.05 005 005 005 005 005 005 0.05 0.05

Calculated analysis

Metabolizable Energy (kcal’/kg) 2950 2950 2950 2050 2950 2950 2950 2950 3000 3000 3000 3000 3000 3000 3000

Crude protein (%) 22.6 205 205 205 205 205 20.5 205 183 183 183 183 183 18.3 18.3
Calcium (%) 0.96 083 083 083 083 083 0.83 083 075 075 075 075 075 0.75 0.75
Auvailable phosphorus (%) 0.47 042 042 042 042 042 0.42 042 037 037 037 037 037 0.37 0.37
Lysine (%) 124 11 11 11 11 11 11 11 097 097 097 097 097 0.97 0.97
Methionine (%) 0.65 058 058 058 058 058 0.58 058 053 053 053 053 053 0.53 0.53
Methionine + Cystine (%) 0/93 083 083 083 083 083 0.83 083 075 075 075 075 075 0.75 0.75
Arginine (%) 1.36 121 119 117 114 118 1.16 113 105 103 110 099 102 1.00 097
Threonine (%) 0.84 073 073 073 073 073 0.73 073 067 067 067 067 067 0.67 0.67
Tryptophan (%) 0.23 021 021 021 021 021 0.21 021 018 018 018 018 018 0.18 0.18
K (%) 0.99 092 09 087 087 089 0.86 085 083 080 078 076 080 0.77 0.75
Na (%) 0.16 015 015 015 015 015 015 015 015 015 015 015 015 015 015
Cl (%) 0.27 024 025 025 025 025 0.25 025 025 025 025 025 025 0.25 0.26
S (%) 0.23 021 023 024 026 023 0.24 026 019 020 022 023 020 0.22 0.23
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1. Provides per kg of diet: Vit. A (as all-trans retinol acetate), 9000 1.U.; Cholecalciferol, 2000 I.U.; Vit. E (as dl- alpha-tocopheryl acetate), 18 I.U.;
Vit K (as menadion sodium bisulfate), 2 mg; Thiamine (as thiamin mononitrate), 2 mg; Riboflavin, 6 mg; Niacin, 30 mg; Pyridoxin, 3 mg; Vit B12, 15
mcg; Calcium d-Pantothenate, 100 mg; Folic acid, 1 mg; Biotin (as d-biotin) , 0.1 mg; Choline chloride (as choline chloride), 250 mg; Antioxidant (as
butylated hydroxy toluene), 100 mg.
2. Provides per Kg of diet: Manganese (as MnO), 100 mg; Zinc (ZnSO4. 7H20), 84.7 mg; Iron (FeSO4. 7H20), 50 mg; Copper (CuSO4. 5H20), 10
mg; lodine (KI), 1 mg; Se (Na,Se0Os), 0.2 mg.
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Table 2. Characteristics of Canola meal and
Fermented canola meal

Items cMm? Fermented CM

Dry matter (%) 97.26 97.48
Gross Energy (kcal/kg) 4512 4592
Crude protein (%) 34.05 36.25
Crude fiber (%) 14.54 14.85
Crude fat (%) 1.65 1.70
Calcium (%) 0.87 1.03
Phosphorus (%) 0.79 0.89
Sulfur (%) 0.37 0.56
Glucosinolate(umol/gr) 17.31 8.41
pH 5.93 4.90
Amino acid(%)

Methionine 0.66 0.33
Cystine 0.81 0.40
Methionine + Cystine 1.47 0.73
Lysine 1.86 1.95
Theronine 1.52 1.52
Tryptophan 0.44 0.38
Arginine 1.9 181
Isoleucine 1.34 1.27
Leucine 2.3 217
Valine 1.72 1.57
Histidine 0.87 0.73
Phenylalanine 1.33 1.23
Glycine 1.72 1.91

1-CM: Canola meal
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Table 3. Effect of experimental treatments on the performance of broiler chickens

RS )Le{‘\ A E)Low; O 5)5~) ‘U‘JJ‘ so‘é ]851.6

SosS sloazgz o Slae p ctulesl slojles S1Y Jgax

Canola meal (%)

Fermented canola meal (%)

Items 0 5 10 15 5 10 5 SEM P-value

Weight gain (g/b)
11-24d 631 639 613 642 640 652 661 62.96  0.9652
25-42d 1420 1515 1460 1464 1497 1454 1358  125.94 0.8422
11-42d 2250 2353 2313 2326 2322 2265 2191 148.95 0.8369

Feed intake (g/b)
11-24d 1000 1027 962 1070 1005 1035 1012 96.99  0.9146
25-42d 2390 2654 2805 2907 2706 2573 2668 187.38  0.0691
11-42d 3637 3931 4018 4228 3952 3856 3913 264.39  0.2857

Feed conversion ratio
11-24d 1.60 161 157 1.48 1.70 1.62 1.58 0.19 0.2312
25-42d 1.69 1.75 1.95 1.99 1.85 1.79 1.9 0.19 0.4130
11-42d 1.62 1.67 1.74 1.82 1.69 1.72 1.79 0.12 0.4226
Mortality (%)

11-24d 0.00 0.00 0.00 0.00 0.00 0.00 2.50 1.89 0.4742
25-42d 2.50 0.00 0.00 0.00 5.00 5.00 2.75 4.43 0.6474
11-42d 2.50 0.00 0.00 0.00 5.00 5.00 5.00 5.60 0.8044

EER (9/100 kcal)
11-24d 21.27 21.10 23.42 21.00 21.62 20.00 21.57 1.92 0.3086
25-42d 19.77 19.07 17.04 16.88 18.45 18.92 17.08 1.82 0.3924
11-42d 20.42 19.97 20.02 18.65 19.82 19.37 19.02 1.34 0.4397

PER (9/0)

11-24d 3.06 3.04 3.37 3.02 3.11 2.88 3.10 0.28 0.3253
25-42d 3.24 3.12 2.85 2.76 3.02 3.10 2.80 0.30 0.4034
11-42d 3.16 3.09 3.08 2.88 3.06 3.01 2.93 0.21 0.4446
EEF 3.37 3.52 3.33 3.19 3.13 3.10 2.98 0.31 0.3362

SRS LN g P<ele ) dited Sglite gkl 5l s, e 40 aline i By, sla Sl a-b-C
calbig)l ool j5iS1e = EEF 1559 083k Comd = PER (65,5l 003l s = EER 2 Kkee )Line (sl SEM

a-b-c: Means followed by different superscript are significantly different (p< 0.01, p< 0.05).
SEM: Standard error of mean; EER= Energy Efficiency Ratio; PER= Protein Efficiency Ratio; EEF= European efficiency factor.

055 sl 233l 556 lsme bl oo
50855 0j9 2 ehalejl sloyles O S PReS
obas I o‘"""; Saze> aiy gl s )9
oY aye slaimbel l alol> bl ol sols
039 0 09 Bld 5l bjless (a5 a3 o0 (ls
Sl slaplasl 5 9 (U cdiew «)ly) 4y (slix]
5 L (il b gz 05 S o
Jen! b ais canlice Jalad digSons (oS
aS wis,S 5,158 (2016) Ashayerizadeh et al.
Ve mhe 0 odd ez gl albus 5l eolatul
A yomie 0AdSS,9) B AluS B pae blie ,0 ausye
Omied A A (939 9 Ol Oj9 AV (g Sonie
Ay SaSY ol oL st cldld molidl b
165 Jowl oyl codld zals amis ;0 g yueds
Cod gy dbgze oy CSle Gl DS e S
iy el il abgmo oz 5 5,5 15 il
200,55 ealine ialeyl opl jo (651 cpis adl aS
gob 5l esliinl 4 az g b ey oo Sl Galple
d9 g pol> adllas o (60 S Al oS
ez A, o,Slee bl 3l bl o Ol

b HUasl LB asdlae ol jo (glass

by s Blod @ byl o d‘:..lLaﬂ ol e
S35 0,55 IS5 Shly wad; 0)50 13 eFgn 5 55
Ole 00Xy digu 5 o il Jelge 000, snaline
iy ey (St ooyl g Slyss byas
Ol Geimen Sl S5 Sz 5l nSsn 5 55
el b olsS olftws ;5 Slygs o455 5 Yoz
Sl o 3 ploy 5 sshbo sloces 5 (018
2 Vsl Gl mhaw g oadpdas SL3 n oles
Wb Fhe oy abewghy GuSgn 9 5 by
.(Alvarenga et al., 2013)
b,y Gl canl sals o (6,50 adllas o
odyy Sl Srae Glie 4 e jsbar 35
olpls .(Zahroojian et al., 2018) coul log e
9 oAl S8bys Gliee )0 Sglil 995wy (o0 LS4
2 alie Shyss Grae b dajles o )0 e n
el oy axdllae o 0l Lo e b e
S Soli 2l 23k LS (e Cux
3 ol o Sgldl 0gud Caidz> 40 1030 ,5 cdsline
5 Ois ORI Shs byl Gl bl
sSE abre 5o ke Jalse)Sle sy ws o
O Dli 09 e wlgiee (2bg)) (203b



e Shio Slgo wad Culild 0 Slos (s e SIS AluS 3G e 5 Bs0gls

4

olSs (slaplail 5 (251 asY (39 p)5 Ve +) 4V (Slizl (s 03 ()5 0935 03 2 alejl slasled JILE Jgur

w; LQL‘”A}P (f;/odd)' 39 f; Vo) 053 )9 ¢ u*’)‘?f

Table 4. Effect of experimental treatments on live weight (gr), relative weight of carcass parts (gr/100grBW) and

gastrointestinal organs to body live weight of broiler chicks

Canola meal (%)

Fermented canola meal (%)

Items 0 5 10 15 5 10 15 SEM P-value
Live weigh (gr) 2837 2975 2630 3077 2822 2897 2808 268.64 0.1420
Carcass (gr/100grBW) 66.90 66.95 65.20 71.52 67.12 65.87 65.82 3.78 0.5799
Thigh (gr/100grBW) 26.67 2782 2616  27.70 27.35 26.45 26.79 1.19 0.4479
Breast (gr/100grBW) 27.30 26.02 24.70 26.65 26.10 25.77 25.90 2.32 0.5221
Wing (gr/100grBW) 5.80 5.75 5.72 5.47 5.45 5.55 5.65 0.32 0.7444
Liver (gr/100grBW) 1.94 1.98 2.07 2.03 1.87 2.06 1.75 0.24 0.7644
Abdominal fat (gr/100grBW) 1.19 0.92 131 0.78 0.84 1.05 1.01 0.36 0.4788
Pancreas (gr/100grLW) 0.24 0.20 0.25 0.24 0.25 0.24 0.20 0.04 0.3392
Gizzard (gr/100grLW) 1.85 1.65 1.77 1.75 1.70 1.67 1.67 0.23 0.6206

AP 1N g P oo 0) ated Sglite (o kel ka5l s, e 40 aline e Byl sla Sl ab-c

J.KJLM )L:.m ks SEM

a-b-c: Means followed by different superscript are significantly different (p< 0.01, p< 0.05).

SEM: Standard error of mean
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Table 5. Effect of experimental treatments on some blood parameters of broiler chicks

Canola meal (%)

Fermented canola meal (%)

Items 0 5 10 15 5 10 15 SEM P-value
Calcium (mg/dL) 8.23 8.87 9.80 8.60 9.93 9.43 9.60 0.88 0.3232
Phosphorous (mg/dL) 8.00 8.60 9.20 8.43 9.17 9.17 8.57 0.61 0.2969
Sodium (MEg/L) 14.9 1443 1449 144.2 144.5 144.2 145.9 0.97 0.1992
Potassium (mEg/L) 5.93 5.94 5.69 5.46 6.09 6.04 5.95 0.43 0.6321
Chloride (mEg/L) 108.3 108.0 105.7 108.0 107.7 111.7 107.0 3.89 0.7115
Urea nitrogen (mg/dL) 2.90 5.13 4.26 3.77 453 5.56 453 1.16 0.4111
T4 (ug/dL) 1.73 1.50 1.50 1.93 1.53 1.53 2.37 0.45 0.3718
TSH (uIU/mL) 0.09° 0.09° 0.08° 0.07° 0.20% 0.20° 0.19* 0.03 0.0002
ACTH (pg/mL) 1.10° 1.10° 1.36"° 1.76° 1.66° 1.70° 1.71° 0.11 0.0001

(p< /N 9 p< ‘/‘D)MQBL&;.A G)Ln])léj)'| [EIRPRgT I AJLMI:.CLBB)?L (_gl.mu..j_le a-b-c

u*-i’L*-“ S sl [SEM

a-b-c: Means followed by different superscript are significantly different (p< 0.01, p< 0.05).

SEM: Standard error of mean
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Table 6. Effect of experimental treatments on Apparent metabolisable energy (AME: kcal/kg), digestibility of
nutrients (percentage) and tibia ash (%), phosphorus (%) and calcium (%) contents of broiler chicks

Canola meal (%)

Fermented canola meal (%)

Items 0 g 10 15 g 10 15 SEM P-value
Tibia component (%)
Ash 49.36 49.47 49.67 49.80 49.46 49.83 49.73 1.19 0.9947
Calcium 15.40 15.40 15.37 15.57 156.47 15.73 15.47 0.78 0.8135
Phosphorus 12.86 12.80 12.97 13.00 13.16 13.07 12.97 0.43 0.2485
Digestibility (%)
Dry matter 92.20 93.00 90.30 90.60 90.10 90.83 91.13 2.20 0.6288
Crude protein 67.97 67.13 67.60 60.90 65.67 65.60 69.00 7.35 0.6294
Crude fiber 84.90 88.37 85.47 84.63 83.53 85.63 87.13 419 0.8924
AME (kcal/kg) 2492 2740 2586 2309 2375 2618 2570 288.50 0.3984

AP 1N g P o+ 0) ated Sglite (o kel ka5l s, e 40 aline pwé Byl sla Sl ab-c

J.KJLM )L:.m ks SEM

a-b-c: Means followed by different superscript are significantly different (p< 0.01, p< 0.05).

SEM: Standard error of mean
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Table 7. Effect of experimental treatments on jejunum morphology and digesta viscosity and pH of intestine ilealin
broiler chickens

Canola meal(%)

Fermented canola meal(%)

Item 0 5 10 G 5 10 15 SEM  P-value
Jejunum morphology (pm)
Villeus height (VH) 1458 1497 1462 1513 1498 1473 1453 48.04 0.6838
Villeus width (VW) 178.3 179.2 1725 166.5 175.8 182.5 182.5 12.70 0.7869
Crypt depth, (CD) 123.3 129.3 123.7 1287 126.3 125.3 126.0 3.59 0.3791
Vilelus height/ Crypt depth (VH/CD) 11.83 1158 11.82 1176 1186  11.76 1153 021  0.4097
lleum
Viscosity (cPs) 256° 282* 301*° 286° 268® 287° 289* 015  0.0001
pH 5.62 5.51 5.82 5.76 5.72 5.32 5.90 0.29 0.3134
AP 1N g p< o+ 0) ated Sglite (o kel i 5l s, e 40 aline i Byl sla Sl ab-c

u.i:l..a )L:M ks SEM

a-b-c: Means followed by different superscript are significantly different (p< 0.01, p< 0.05).

SEM: Standard error of mean
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