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Table 1-effects of microwave irradiation on chemical composition and anti-nutritional factors of CM

Microwave-irradiated CM P Untreated vs ~ Orthogonal contrasts

Untreated CM 2min  4min 6 min SEM  Value Irradiated Linear  Quadratic

S oske 892 891 893 895 4.6 0.86 0.86 0.51 0.60
Dry matter (g/kg)
P ofon 366 362 364 367 27 046 0.52 0.67 0.14
Crude protein (g/kg DM)
$plojas 30 30 30 29.8 5.8 0.87 0.47 0.66 0.68
Ether extract (g/kg DM)
S 0 gd 5> Jelowel f*s” 269 268 269 272 097  0.79 0.90 0.48 0.49
Neutral Detergent Fiber (g/kg DM)
43»‘ olgd Jebf b S 171 174 175 176 6.9 0.67 0.27 0.24 0.77
Acid Detergent Fiber (g/kg DM)
FSE 69.2 69.7 69.8 71.5 1.44 0.37 0.31 0.11 0.55
Ash (g/kg DM)
‘SWLQ A"’w‘. 44.7* 38.8° 3 10'2 22.04 0.83 0.01 0.01 0.01 0.20
Phytic acid (g/lkg DM)
Sicandad 21.6* 13.3% 9.5¢ 7.14 2.01 0.01 0.01 0.01 0.01

Glucosinolate (mmol/g)

Ayl 1y ime BT g ylol Llod 5l Gilisie gy b iy o (sl Sile ™ PS4
ke lxa olzil :SEM Yl allous :CM

&b, cd Means in the same row with different letters are different
CM, canola meal, SEM, standard error of mean
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Table 2-Effects of microwave irradiation on rumen degradation parameters of dry matter and crude protein and in vitro crude protein

digestibility of CM
01i £39] Jas VoilS S ol g Yeils dlbus sheooliil e law  Untreated OI.Thogonal contrasts
Untreated CM Microwave irradiated CM Sl P )b Vs Linear  Quadratic
2 min 4min 6 min SEM value Irradiated

Siis oolo
Dry matter
(P59 Tp,5) 325 oy 50 298° 272%® 244b¢ 1674 10.76 0.01 0.01 0.01 0.01
a(g/ke)'
(p5okSTp,3) wjps XS i 552¢ 561 603 677 1774 0.01 0.01 0.01 0.06
b(gkg)® ’
(p55kSTp3) (s iy 435 Jwuilis 849 833 847 844 14.07 0.99 0.99 0.99 0.97
a+b(glkg) '

(WP 0.074° 0.045>  0.045° 0.01 0.01 0.01 0.83
“/Sﬁ;” S 0.082* 0.0043
¢
(pskSTp ) Fom onds 4
Effective rumen degradation (g/kg)*
0.02/h 740° 713° 660° 632¢ 8.23 0.01 0.01 0.01 0.21
0.05/h 640° 606° 527¢ 4844 8.49 0.01 0.01 0.01 0.06
0.08/h 577° 541° 450¢ 4084 8.71 0.01 0.01 0.01 0.03
P Ceon
Crude protein
(pS9kSTp)8) 35 @y Lisu g54e 223% 214° 153¢ 1024 0.01 0.01 0.01 0.01
a(gkg)' ’
(pS9kSTp,5) 4350 A8 o 697¢ 7364 7523 7800 10.48 0.02 0.01 0.01 0.60
b(gkg)® ’
(pS5LSTe,3) o pds 355 Jemsiliy 952 959 966 933 9.06 0.66 0.92 0.43 0.35
a+b(glkg) '

b e 0.099° 0.051°  0.060° 0.01 0.01 0.01 0.79
‘jﬂ;’ e 0.083* 0.0040
¢
(pskSTp ) Fom onds 4
Effective rumen degradation (g/kg)
0.02/h 817° 804 755° 701¢ 6.99 0.01 0.01 0.01 0.01
0.05/h 691° 665° 597° 534¢ 7.20 0.01 0.01 0.01 0.01
0.08/h 6122 5812 5120 445¢ 7.52 0.01 0.01 0.01 0.01
P Ben 5 o9y man  coll 710% 734° 699¢ 0.01 0.01 0.01 0.01

(pSSTes)  gpad 5.97

In vitro crude protein digestibility
(gke)

155 )b e ] g lol blod 5l Ciltse gy b i3, b (ko pSolio® 060
A dule ED=a+bc/(ctk) Jgo jl oot b o d A g0 & joe oy 3 Fgo sl 455 (6 pdy 4155 o por =Y 0 digad 4y 355 WS 550 =Y ey 355 @y i)
3Sle s oLzl SEM g8 dlous:CM

a.b,¢,d Means in the same row with different letters are different

1-a, the washout fraction; 2-b, the potentially degradable fraction; 3-c, the rate of degradation.

4-Effective rumen degradation was calculated according to the equation ED=a+bc/(c+k), using rumen outflow rate (k) of 0.02, 0.05 and 0.08 h-
1

CM, Canola meal; SEM, standard error of mean
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Table 3- Effects of microwave irradiation on rumen degradation parameters of true protein of CM

5 Ba VelS db Las ozl
015 5yl Jos YIS oS o8 ligi YplS b & o e ‘c'w Untrvzated Ocr(t)l:t)rga(:::l
Untreated CM Microwave irradiated CM oSk «)h S _ _
n 2 min 4min 6 min SEM P value Irradiated ~ Linear Quadratic

P eSion
Crude protein
(po5okTes5) 20328 e 35 249° 207 1760 1200 10.24 0.01 0.32 001 065
a(gkg)'
(p5515Tp %) 428 5 i 7234 766 796° 840 10.48 0.01 0.02 0.01 0.98
b(g/kg)’
(p5515Tp %) oy 08 ol 971 973 972 960 9.06 0.83 0.18 0.51 0.55
a+b(g/kg)
e akare 0.076*  0.068°  0.051° 0.048°  0.0040 0.01 0.03 0.01 056
C
(p59ksTp ) Soo opds 4
Effective rumen degradation (g/kg)
0.02/h 820 797 746> 711° 6.99 0.01 0.42 0.01 0.49
0.05/h 685° 648" 578 530 7.20 0.01 0.08 0.01 0.64
0.08/h 603° 5600 4870 4350 7.52 0.01 0.04 0.01 0.67

Al s ime VST gylof Ll ] ilises g b sy b (slagySilee ™ D4

b dplne ED=a+bcl(ctk) Jgo b 5l odliss b aop A g B joe o pw )3 figo sy 45T ey 4555 S Y w0kiph 4y o5 08T (150 =Y o @y G5

ke o ozl SEM Ygls' alloes:CM

a.b.¢,d Means in the same row with different letters are different

1-a, the washout fraction; 2-b, the potentially degradable fraction; 3-c, the rate of degradation.

4-Effective rumen degradation was calculated according to the equation ED=a+bc/(c+k), using rumen outflow rate (k) of 0.02, 0.05 and 0.08 h*!
CM, Canola meal; SEM, standard error of mean
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Figure 1- Molecular weights of standard protein (line 1) and canola meal protein subunits (lines 2 and 3)
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Figure 2- Electrophoretic patterns of untreated (A), 2 min microwave irradiated canola meal (B), 4 min microwave irradiated canola
meal (C) and 6 min microwave irradiated canola meal (D).
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Introduction: In growing ruminants or early lactation dairy cows, production may be limited by a dietary
metabolizable protein. In these conditions microbial protein synthesis is not sufficient to meet the animal’s protein
requirement. Canola meal (CM), which is an available and good source of protein in ruminant nutrition, especially in
Iran. However the protein of CM is highly degradable by rumen microorganisms and on the other hand, anti-nutritional
factors, such as phytic acid and glucosinolate in brassica-originated feed, are of concern relative to animal-originated
feeds. Glucosinolates are a large group of sulphur-containing secondary plant metabolites and are known to reduce feed
intake, induce iodine deficiency and depress fertility in ruminants. Several heat processing methods have been used to
enhance nutritive value of oilseed meals, including extrusion, roasting, toasting and Jet-Sploding. Recently, treatment of
oilseed meals with microwave irradiation was successful in reducing ruminal degradable protein, anti-nutritional factors
and increasing digestible undegradable protein of them. Microwave irradiation is heating faster, processing in less time
and higher energy efficiency compared to conventional methods. This research was carried out to evaluate the effects of
microwave irradiation (800 W) for 2, 4 and 6 min on dry matter (DM), crude protein (CP) and true protein (TP) ruminal
degradability, in vitro CP digestibility, antinutritional factors (glucosinolate and phytic acid), and chemical composition
of CM.

Materials and Methods: The DM of CM was determined and then, sufficient water was added to sample to
increase the moisture content of CM to 250 g/kg. Three samples (500 g each) were subjected to microwave irradiation
at a power of 800 W for 2, 4 and 6 min. The samples were ground to pass a 2 mm screen for the ruminal in sifu study.
Degradation kinetics of DM, CP and TP were determined according to in situ procedure. Six grams of untreated or
irradiated feed samples were incubated in the rumen of three ruminally fistulated Taleshi bulls for periods of 0, 2, 4, 8,
16, 24 and 48 h. The bulls were fed with a total mixed ration containing 700 g/kg of DM forage (700 g/kg alfalfa hay
and 300 g/kg wheat straw on DM basis) and 300 g/kg of DM concentrate. The concentrate consisted of ground barley
grain, canola meal, ground canola seed, cotton-seed meal, wheat bran, dicalcium phosphate and a vitamin+mineral
premix (530, 130, 160, 40, 120, 10 and 10 g/kg DM, respectively). TP of samples were determined by Bradford:s
procedure. Digestibility of rumen undegraded CP was estimated using the three-step in vitro procedure. Sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to monitor protein subfractions and the fate of true
proteins of untreated and irradiated feed samples in the rumen.

Results and Discussion: Microwave irradiation had no effect on improving chemical composition of CM but
decreased the total glucosinolate and phytic acid of CM linearly and quadratically. Microwave irradiation for 2, 4 and 6
min decreased the phytic acid content of CM by 13, 30 and 51% respectively, compared to untreated CM. The total
glucosinolate contents of CM microwave irradiated for 2, 4 and 6 min decreased by 38.4, 56.0 and 67.1% respectively,
compared to untreated samples. Microwave irradiation decreased the washout fraction, degradation rate and effective
degradability (ED) of DM, CP and TP and increased potentially degradable fraction of DM, CP and TP of CM. The
washout fraction of CP decreased by 15.7 and 39.8% in samples irradiated for 2, 4 and 6 min, respectively. Irradiation
for 2, 4 and 6 min decreased ED of CP at a ruminal outflow rate of 0.05 h-! by 13.6 and 22.7%, respectively. In vitro CP
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digestibility of CM increased by treating with microwave irradiation up to 4 min. CP digestibility of 2 and 4 min
irradiated CM was increased by 6.9 and 10.5%, respectively. Electrophoresis results also indicated that major proteins
of CM was Cruciferin (globulin 12S) and Napin (Albumin 2S). Electrophoresis results indicated that in untreated CM,
four subunits of Cruciferin and in microwave irradiated CM, four subunits of cruciferin and two subunits of Napin
consisted of by-pass proteins.

Conclusion: In this study, microwave irradiation, reduced ruminal degradability of CP and TP, increased in vitro CP
digestibility and reduced anti-nutritional factors of CM. Subsequently, in vivo studies are required to investigate effect
of feeding irradiated feedstuff on lactation performance of dairy cows.

Keywords: Anti-nutritional factors, Canola Meal, Degradability, Irradiation.



