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Abstract: This study was conducted to evaluate the effects of infrared irradiation for 60, 90, 120 and 150
seconds on starch degradability and chemical compositions of corn grains. Three ruminally fistulated rams were
used to measure in sacco degradation. There was a linear increase in DM of irradiated corn grains (P<0.001).
Infrared irradiation decreased potentially degradable fraction and constant degradation rate of starch (P<0.05).
Effective ruminal degradability of starch for irradiated corn grain decreased linearly (P<0.001) as irradiation time
increased.
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INTRODUCTION Iran. The corn grains (four samples, each 500 g) were

Infrared waves strike the material, a part of the energy before micronisation. Samples were micronised for 60, 90,
which is absorbed, making the constituent molecules 120 and 150 s in constant distance of infrared source
vibrate. During the vibration, inter-molecular friction (IRK13169/98, 500W, Lamp Philips). Processed samples
occurs among the molecules and results in heat were spread on a table top and cooled to room
generation and changes in molecular structures [1]. It has temperature for 1 h before being packed in Zipper bags
been reported that infrared irradiation could disrupt cell (Plastilon Packaging, Pretoria, South Africa) and kept at
wall components and increase dry matter and nutrient 22°C. For chemical analysis, 10 grams of these samples
digestibility in nonruminant [2, 3]. In ruminant were ground to pass a 1 mm screen, then were packed in
experiments, Infrared irradiation has been applied for low density polyethylene air locked pouches and stored
oilseeds [4, 5], but no investigation on effects of this at -18°C. Remainder of each sample was ground to pass a
processing method on cereal grains have been 2 mm screen for in situ study and reserved as mentioned
undertaken. In many parts of the world, corn grain is an above.
important ingredient in diets for ruminants, serving mainly
as an energy component. Corn grains are typically Animals and Feeding: Three 60±5 kg Chall rams with
processed prior to feeding because an intact pericarp rumen  fistulas   were   used   to   determine disappearance
prevents bacterial attachment and subsequent digestion extent  and  rate  of   starch  under confined  feeding   and
of the seed constituents [6]. The starch granules of corn  housing   conditions.   Rams were housed in individual
are completely embedded in a protein matrix. This 3.4 m long,  2.1  m  wide  and 1.2 m high pens with
structural arrangement is a contributing factor to concrete  floors  that  were cleaned regularly  and  offered
differences observed in starch availability among grains a  diet  of  alfalfa  hay  and  a   corn-based  supplement
since this matrix is impervious to water and enzymes [7]. (800 g/kg  of  ground corn, 60 g/kg of molasses, 100 g/kg
The purpose of this study was to evaluate the effects of of soybean meal, 38 g/kg of trace mineral salt and 2 g/kg
infrared irradiation on chemical compositions and ruminal of vitamin A, D and E premix). The basal diet contained
starch degradability of corn grain. 873 g/kg of alfalfa hay and 127 g/kg of supplement and

was offered at 2% of body weight daily in two equal
MATERIALS AND METHODS portions (08:00 and 16:00 h). Rams were adapted to the

Samples  Preparation  and Treatments: Corn samples was formulated according to sheep National Research
(Zea mays L.) were obtained from commercial sources in Council [8]. 

tempered to reach a 25 percentage moisture content

basal  diet  for  10  d  before initiating the trial. The diet
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Chemical Analysis: Corn samples were analysed for DM  (g/kg), b, the potentially degradable fraction (g/kg) and c,
by oven drying a 1 g sample in duplicate according to the the constant rate of degradation (/h) of the potentially
procedure of AOAC (1995) Official Method 930.15 [9]. degradable fraction. Effective rumen degradability (ERD)
Nitrogen was determined according to (AOAC) Official of starch (g/kg) was estimated using the equation of
Method 984.13(1995) and CP calculated as N × 6.25. Ørskov and McDonald [13]: ERD = a + [bc/(c + k)] Where
Content of ash was determined by burning 2 g sample in as ERD is the effective ruminal degradability, k, the
duplicate at 600° C, for 2 h in a muffle furnace according fractional ruminal outflow rate, a, b and c are as defined
to (AOAC) Official Method 942.05(1995). NDF and ADF above. Effective ruminal degradability was calculated with
were analyzed according to the method of Van Soest et al. an estimated solid outflow rate from the rumen (k) of 0.02,
[10], using an automatic fiber analyser (Fibertec System 0.05 and 0.08 /h according to Agricultural Food Research
M, Tecator). NDF was determined without á-amylase and Council [14]. 
sodium sulfite. A standard method was used to determine Chemical compositions  data  were  analyzed  as a
ether extract according to (AOAC) Official Method completely  randomized  design  with  the  statistical
920.39(1995). The method of McCleary et al. [11] was used model of Yij =µ+ Ti + + eij, where Yij is dependent
for determination of starch. No correction for sugar was variable,  µ  is  overall  mean,  Ti  is  infrared  radiation
carried out. Thus, the determined content of starch effect  and  eij  is  residual  error.  The various
represents starch plus sugar. degradability parameters for nylon bags data were

Nylon Bag Experiment: Procedure of ruminal incubation using animals as blocks. Analysis was carried out using
followed the method of Mehrez and Ørskov [12]. Four the  general  linear  model procedure of Statistical
grams of untreated and treated samples were weighed in Analysis System 9.1.3 software [15] with the statistical
duplicate into nylon bags (45 ìm pore size). Each treatment model of Yijk =µ+ Ti + Bj + eijk, where as Yijk is dependent
of 42 samples (two replicates × seven incubation periods variable, µ is overall mean, Ti is infrared radiation effect,
× three animals for each treatment) was prepared for Bj is animal effect and eijk is residual error, assumed
individual nylon bags in the assay. The bags were normally and independently distributed. Differences
incubated in the ventral sac of rumen for 2, 4, 8, 16, 24 and among treatments were separated using polynomial
48h. Immediately after removal from the rumen, samples orthogonal contrasts to determine linear and quadratic
were put in ice to stop the microbial fermentation and were responses [16]. 
then  machine  washed  and  freeze-dried, respectively.
The dried samples with nylon bags were stored at -18°C RESULTS
for analysis of starch. Three bags were soaked in water
bath for 30 min at 20°C to estimate readily available starch IR irradiation had not significant effect on chemical
fractions of corn grain. After soaking, bags were machine compositions of corn grains except  DM  (Table 1).
washed and freeze dried. Infrared increased linearly DM with increasing time

Statistical Analysis: Digestion kinetic of starch was degradable fraction and constant degradation rate of
determined according to the equation of Ørskov and starch decreased (L: P<0.05) with micronised corn grain.
McDonald [13]: P = a + b (1-e  ) Where as P is starch ERD of starch decreased in different outflow rate (L:-ct

disappearance (g/kg) at time t (h), a, the washout  fraction P<0.001).

analysed as  a  randomised  complete  block  design,

heating (P<0.001). According to the Table 2, Potentially

Table 1: Effects of infrared irradiation on chemical compositions corn grain

IR-irradiated corn grain Contrasts
---------------------------------------------------------- -----------------------

Parameters Untreated corn grain 60s 90s 120s 150s SEM L Q

Dry matter(g/kg) 886 893 893 903 907 1.262 *** NS
Crude protein(g/kg) 101  99 100 98 98 0.051 NS NS
Starch(g/kg) 698 703 710 712 717 0.204 NS NS
Ether extract(g/kg) 46  48 47 47 50 0.042 NS NS
Neutral detergent fiber(g/kg) 91  91 92 93 93 0.027 NS NS
Acid detergent fiber(g/kg) 31  32 32 32 32 0.010 NS NS
Ash(g/kg) 14  14 14 14 14 0.004 NS NS

L, linear contrast; Q, quadratic contrast; NS, not significant (p>0.05); *, p<0.05; **, p<0.01; ***, p<0.001.
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Table 2: Rumen degradation kinetics of starch untreated and infrared irradiated corn grain
IR-irradiated corn grain Contrasts
----------------------------------------------------------- ----------------------

Parameters Untreated corn grain 60s 90s 120s 150s SEM L Q
Starch(g/kg) a(g/kg) 258 252 249 246 239 0.172 NS NS
 b(g/kg) 739 713 705 697 689 0.224 * NS
 c(per h) 0.065 0.063 0.059 0.056 0.054 0.001 * NS
Effective rumen
degradation(g/kg)
0.02/h 819 794 770 759 746 0.896 *** NS
0.05/h 672 650 625 613 601 0.231 *** NS
0.08/h 586 567 543 532 520 0.243 *** NS
L, linear contrast; Q, quadratic contrast; NS, not significant significant (p>0.05); *, p<0.05; **, p<0.01; ***, p<0.001; 
a, the washout fraction; b, the potentially degradable fraction; c, the rate of rumen degradation.
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