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Table 1-Bull's diet during experimental period (%)

Feed ingredients %
Alfalfa hay - 50
Wheat straw 16.67
Barley 26.67
Corn grain 3.33
Wheat bran 1.66
Cottonseed meal 1.33
Mineral and vitamin peremix 0.34
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Table2: The effects gamma and microwave rays on dry matter and organic matter digestibility of safflower meal

DMD* OMD? DOMD?

Control 45.052 46.872 48.472
S 36.11°¢ 37.55°¢ 39.44¢

Gamma irradiation (kGy) 36.30° 3778° 39 63°
Microwave irradiation (minutes) 44.54% 46.32% 47.79%

43.57° 45.39° 46.98°
SEM 0.542 0.586 0.493
P-Value 0.0001 0.0001 0.0001
Group comparisons
Control vs Irradiation 0.0001 0.0001 0.0001
Control vs Gamma 0.0001 0.0001 0.0001
Control vs Microwave 0.0001 0.0001 0.0001
Gamma vs Microwave 0.0001 0.0001 0.0001

1: Dry matter digestibility
2: Organic matter digestibility
3: Digestible organic matter in dry matter.

* The means with different letters in each column have a significant difference (P<0.05).
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Table 3 -The effects of gamma and microwave rays on rumen degradation parameters of dry

matter
Degradability parameters 1) Effective degradability 2(%)
a b atb c 0.02 0.05 0.08
Control 23.48° 37.60* 61.088  0.045° 49,592 41.38° 37.10°
Gamma irradiation (KGy) 20 18.09¢ 33.44% 5153 0.056%  33.42° 35.36¢ 31/54¢
40 18.50°¢ 34322 5283 0.0742 45.54° 39.01° 35/02¢
Microwave irradiation 3 30.092 28.47° 58572  0.047° 49.992 43.83? 40/592
(minutes) 5 30.33 28.66" 59.0°  0.046" 50.19*  43.97° 40/73°
SEM 0.714 1.907 1.70 0.008 0.536 0.658 0/755
P-Value 0.0001 0.006  0.002 0.008 0.0001 0.0001 0/0001
Group comparisons
Control vs Irradiation 0.2 0.001 0.0019 0.13 0.0001 0.13 0.83
Control vs Gamma <0.0001 0.04 0.0001 0.02 <0.0001 <0.0001 0.0002
Control vs Microwave <0.0001 0.0003 0.14 0.84 0.3 0.0013 0.0003
Gamma vs Microwave <0.0001 0.002 0.0003 0.01 <0.0001 <0.0001 <0.0001

1:a=Washout fraction(%), b=Slowly degradable fraction (%), a+b=Potentially degradable fraction (%), c=The rate of

degradation

2:Effective degradability was calculated at passage rate of 0.02, 0.05 and 0.08
3= The means with different letters in each column have a significant difference (P<0.05)
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Table 4-The effect of gamma and microwave rays on rumen degradation parameters of crude protein

Degradability parameters * Effective degradability 2
(%) (9/kg)

a b at+h c 0.02 0.05 0.08
Control 51.30° 38.25° 8955 0.22b 85eb 80.21° 76.82"
Gamma irradiation 20 37.26° 47322  84.59 0.21° 77.70¢ 71.28¢ 67.05¢
(KGy) 40 42.26° 46.56°  88.82 0.21° 82.39P 76.06° 71.81°
Microwave irradiation 3 67.80° 21.77°  89.58 0.322 88.042 86.16° 84.65°
(minutes) 5 65.19 23.99°  89.19 0.38? 87.882 86.19° 84.76°
SEM 2.521 3.386 4.347 0.027 1.433 0.432 0.620
P-Value 0.0001 0.0001 0.17 0.0001 0.0001 0.0001 0.0001
Group comparisons
Control vs Irradiation 0.37 0.24 0.66 0.016 0.4 0.42 0.62
Control vs Gamma 0.0004 0.014 0.46 0.76 0.002 <0.0001  <0.0001
Control vs Microwave <0.0001  0.0004 0.96 0.0002 0.038 <0.0001  <0.0001
Gamma vs Microwave <0.0001  <0.0001 0.4 <0.0001  <0.0001 <0.0001  <0.0001

1: a=Washout fraction (%), b=Slowly degradable fraction (%), a+b=Potentially degradable fraction (%), c=The rate of degradation
2: Effective degradability was calculated at passage rate of 0.02, 0.05 and 0.08

1 el slaasl b8 e slasy S ol oBsn
CA:\-DlA Jf—‘d uf‘"h 4_3 ‘A.Au.a J‘J:Q L.):";‘:J# c_‘a.a.u o8
xSl Gk O s ralS 1, Lag

o508 Jads 4 1) O sn cullla WIS oo (ainan
RS LA g 5 paad 5 Las yaay Joliie Wiy Gk
OoSea 5 s SV Yoo Saa 5 Mewses ) aas
S wu S GBS (Yo s) lolKan 5 i3 &5 (Y- Y
ERAS 80 50 L LK 85 b Yok dla b5 5
Sl GRalS 1 wdaS £ cul g wdaS e o

Lra3 8 (ahs S SSLS £0 5 ¥ (slase 5o Gaiges

Sordpte3ad (RalS e dag] e, b g
Y ava JJBJJSA K) JS.:.uJ‘) JJJJ.ZU.A LAUff‘:JJﬂ,

(VAR Eudd g
i BB (aiig e 53990530 9 LIS 5 Ol 4

@aaSd ja pi%e il BB g eaesid . .
AS RSl glagis o il Gl ala G5 5

) Sedee wiad glusd Gl bug
W05 GEL8 (VAAY) Sl 5 e Ms (Ve e A (g

olaialar o sads syl o (SO (2B

BB 8950 9 aaasad ju daiad B yal i g g

pol g2
O sy Sl 9 45a3 BB s Ll Sk
9 Sl oo i Bl (e Sise wiaS LB
Losad au gy SLE JS ol plie bl 00555
sals HLES TN 50 Joan 5o S 4 ssssSbe 5 LIS
ERAS ¥ 50 L S,K dlaiS B ol sadd
i€ el 5o 33 B ol g (Rl aw LS

) S updge LT s (53507 (il 38l 5 a5 5
9 SSooms sladisy Gud Gula By 4 s
owiS el oy WISt B sladsy
GBS o (GO (B ol 555y laiaba
L 15 dl 58l 4w st o Lagui gy Gadd Ja bl
aelan o asya A 50 ¥ slaj e ooy o &K . B ) )

dass YV/EY 5 YUV XYAY Gl 4 oS53 @ 3 o glheassty 8 B0t glaiiay oo
T © Loy culla aasee aladl LGS 5 g
Glaasl asls (S g o duel slasswl g5
oS slagi g plaala o ok 5T dusl

Slead Glghy Oafs Guos 03 S WLl ueay

.(P<~/~0)A.‘.:Laﬁ.3 6J3TJAL dlA.Suc,\.u.m



AR

SO AleS pudgilio LB (5909 P15 (g 9 SuiS o3l (glaraSid (s gt o5 saggySale 9 LIS b (Ui )

Table 5 -The effect of gamma and microwave rays on rumen degradable protein and effective rumen degradable

protein of safflower meal

RDP! ERDP?
(%) (%)
0.02 0.05 0.08 0.02 0.05 0.08

Control 23.36" 22.05°¢ 21.12¢ 20.542 19.23° 8.142
Gamma irradiation (kGy) 20 17.77¢ 16.30¢ 15.33f 16.06¢ 14.59¢ 7.49°

40  18.90° 17.449 16.47¢ 16.96° 15.51¢ 7.55P
Microwave irradiation 3 23.49P 22.99° 22.59P 19.87° 19.372 5.94¢
(minutes) 5 2534 24,85 24.442 21.58 21.09° 7.14%
SEM 0.381 0.108 0.157 0.301 0.116 0.563
P-Value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Group comparisons
Control vs Irradiation <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.032
Control vs Gamma <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.23
Control vs Microwave 0.009 <0.0001 <0.0001 0.4900 <0.0001 0.008
Gamma vs Microwave <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.033

* The means with different letters in each column have a significant difference (P<0.05)

1=RDP: Rumen Degradable Protein
2=ERDP: Effective Rumen Degradable Protein

Table 6 - The effect of gamma and microwave rays on rumen undegradable protein and metabolizable

protein of safflower meal

RUP? MP?
(%) (%)
0.02 0.05 0.08 0.02 0.05 0.08
Control 4125 5.43° 6.36° 13.64° 13.98° 7720
o 20 500 6.56° 7.53° 10.50° 10.97¢ 7.29°
Gamma irradiation (KGy) 40 403 5.49° 6.46° 10.97° 11.35° 7.13°
Microwave Irradiation 3 3.19¢ 3.69¢ 4.09° 12.790 12.92b 4.69°
(minutes) 5 3,490 3.08° 4.39¢ 13.92¢ 14.04° 5.49b
SEM 0.381 0.108 0.157 0.217 0.204 0.258
P-Value 00001 00001 00001 00001 0000  0.0001
Group comparisons
Control vs Irradiation 0.59 00002 00001  <0.0001  <0.0001  <0.0001
Control vs Gamma 0.2 <0.0001 00009  <0.0001  <0.0001  0.046
Control vs Microwave 0.04 <0.0001  <0.0001 0.16 0018  <0.0001
Gamma vs Microwave 00011  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001

* The means with different letters in each column have a significant difference (P<0.05)

1=RUP: Rumen Undegradable Protein
2=MP: Metabolizable Protein
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Introduction: Safflower meal (SF) is utilized as a protein source in ruminant diet, however the
protein of is highly degradable by rumen microorganisms. One of the most important factors in
determining the protein value of feed for growing or lactating ruminants is the amounts of dietary
proteins escape from rumen degradation. Several processing methods such as chemical and physical
treatments have been well applied to protect crude protein from microbial degradation. Chemical
processing causes environmental pollution which may adversely affect protein digestibility in the
small intestine and in some cases may appear in animal products (NRC 2001; Schwab et al 2007).
lonizing radiation such as gamma ray has so much energy it can knock electrons out of atoms and
causes fragmentation, cross-linking, aggregation, and oxidation by oxygen radicals generated in the
radiolysis of water in proteins. Advantages of microwave irradiation compared to conventional
heating are faster heating rates, shorter processing times and energy efficiency. Studies have shown
that GR irradiation of sunflower meal, cottonseed meal, and canola meal were successful in
reducing degradation of CP by rumen microorganisms (Ghanbari et al 2015; Taghinejad-
Roudbaneh 2016). However, there is lack of information on effects of heating and irradiation with
gamma ray and microwave irradiation on SF protein degradability. Therefore, the purpose of
present study was to evaluate and compare the effects of gamma irradiation at doses of 20 and 40
kGy and microwave irradiation for 3 and 5 minutes on ruminal DM and CP degradation Kinetics as
well as digestibility of SF.

Material and methods: This research was carried out in Karaj Animal Science Research Institute.
First, safflower seeds of Golmehr cultivar were prepared from the institute approved by the General
Department of Oilseed of the Ministry of Jihad-e-Agriculture. The DM of SF was determined and
then, sufficient water was added to sample to increase the moisture content SF to 250 g/kg. Then,
two samples (500 g each) were subjected to microwave irradiation at a power of 800 W for 3 and 5
min. Another two samples (500 g each) were subjected to gamma irradiation at doses of 20 and 40
kGy. The samples were ground to pass a 2 mm screen for the ruminal in situ study. Degradation
kinetics of DM and CP were determined according to in situ procedure (Orskov and McDonald
1979). Six g of untreated or irradiated feed samples were incubated in the rumen of three ruminally
fistulated bulls for periods of 0, 2, 4, 8, 16, 24 and 48 h. Then, bags were removed from rumen and
washed with cold water and dried in an oven at 65 C° for 48 hours and weighed. To determine the




v SO AleS pudgilio LB (5909 P15 (g 9 SuiS o3l (glaraSid (s gt o5 saggySale 9 LIS b (Ui )

degradability of the DM and protein, residuals of bags were weighed. In order to determine the
digestibility of SF, two-stage digestion was used method (Tilly and Terry 1963). DM and CP
degradability parameters were estimated by using equation of P=a+b(1-e*"). Chemical composition
data were statistically analyzed in a completely randomized design and degradability data were
statistically analyzed in a completely randomized block design with GLM procedures of SAS
software. Differences among the means were determined by LSD test, at a significant level of
P<0.05.

Results and discussion: Different treatments had not significant effect on the chemical
composition of SF (P>0.05). The DM and organic matter digestibility of SF was reduced by
irradiation (P<0.05). The mechanism for reducing digestibility in heat-processed feeds is very
complex. During heat treatment, chemical reactions (such as the Millard reaction), protein structure
changes, and cross-linking between protein and carbohydrates may occur. These reactions convert
feed proteins into resistant digestible compounds and are responsible for reducing the digestibility
of DM and organic matter after microwave processing (Van Soest 1994). Microwave irradiation for
3 and 5 minutes increased the rapidly degradable fraction of DM and CP and degradation rate of
CP. Microwave irradiation for 3 and 5 minutes decreased the potentially degradable fraction of DM
and CP (P<0.05), also irradiation by microwave for 3 and 5 minutes decreased slowly degradable
fraction of DM and CP (P<0.05). Gamma irradiation at doses of 20 and 40 KGy reduced the rapidly
degradable fraction of DM and CP (P<0.05). Gamma irradiation at doses 20 and 40 KGy reduced
the effective degradability of CP and DM at ruminal outflow rate of 2, 5 and 8% (P<0.05).
Reduction of CP degradability as a result of irradiation is due to the occurrence of cross-linking of
polypeptide chains, denaturation and protein aggregation (Ciesla et al 2000). Under the effect of
microwave irradiation for 3 and 5 minutes, the effective degradability of DM and CP increased
compared to gamma irradiation (P<0.05). Gamma irradiation increased the potentially degradable
fraction of CP (P<0.05). Gamma irradiation increased the slowly degradable fraction of CP
(P<0.05). Gamma irradiation at dose of 20 kGy increased undegradable protein at ruminal outflow
rate of 2, 5 and 8 %. Also, microwave irradiation for 3 and 5 minutes reduced undegradable protein
compared to the control (P<0.05). Microwave irradiation for 3 and 5 minutes increased the rumen
degradable protein at ruminal outflow rate of 5 and 8% (P<0.05). The highest amount of rumen
degradable protein was related to microwave irradiation for 5 minutes (P<0.05). metabolizable
protein (MP) of microwave irradiated-SF at ruminal outflow rate of 5 and 8% was not significantly
different compared to control (P>0.05), however microwave radiation for 3 minutes significantly
reduced MP of SF compared to control (P<0.05). Microwave irradiation for 3 minutes at ruminal
outflow rate of 0.02, 0.05 and 0.08% decreased MP of SF by 6.23, 7.58 and 39.24% compared to
untreated samples, respectively. Gamma radiation at doses of 20 and 40 kGy decreased MP at
ruminal outflow rate of 2 and 5 %, but at ruminal outflow rate of 8% was not significantly different
compared to control.

Conclusion: The results of this experiment showed that however, gamma irradiation of SF
decreased MP of SF, but gamma irradiation compared to other treatments decreased rumen
degradable protein and increased rumen undegradable protein. Subsequently, in vivo studies are
required to investigate effect of feeding irradiated-SF on performance of ruminants.
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