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Table 1- Effect of heat processing type on chemical compositions of soybean (DM %)

Feed DM (%) CP ADF EE ASH
Whole soybean 90.29° 38.32 24,762 14.492 19.60 5.01
Extruded soybean 93.232 38.05 22.76° 13° 20.22 5.37
Roasted soybean 94.312 38.32 22.99° 13.20° 20.16 5.76
SEM 0.808 0.423 0.446 0.147 0.413 0.229

P- value 0.03 0.87 0.007 0.54 0.46

- Non-similar letters in each row has a significant difference (P <0.05). - For each feed, three samples were analyzed.
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Figure 1- Gas production curve, whole soybean (WSB), extruded soybean (ESB), roasted soybean (RSB)
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Table 2- Dry matter digestibility of whole and processed soybeans

Whole Extruded Roasted SEM  P-value
A (ml/g DM) 294.162 282.40P 282.86° 1.09 0.02
C (ml/h) 0.091 0.090 0.086 0.003 0.15

A- Gas production rate of soluble and insoluble parts C: Degradation rate b -The mean of non-similar letters in
each row has a significant difference (P <0.05).

Table 3- Effect of heat processing of soybean on estimated parameters by gas production method

Feed ME NEL DOM SCFA
Whole 9.348 5.612 59.52¢ 1.062
Extruded 8.91b 5.30° 56.77° 0.99°
Roasted 8.87b 5.27° 56.54° 0.99°
SEM 0.04 0.03 0.30 0.04
P- value 0.008 0.007 0.007 0.005

-ME: Metabolizable Energy (MJ/kg DM), NEL: Net Energy for lactation (MJ/kg DM), SCFA: Short chain Fatty Acids
(mMol/200mgDM), DOM: Organic Dry Matter digestibility (DM %) - The mean of non-similar letters in each row has

a significant difference (P <0.05).
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Figure 2- Degradability curve of dry matter, whole soybean (WSB), extruded soybean (ESB), roasted soybean

(RSB)

Table 4- Effect of heat processing of soybean in gas production method (ml/g DM)

Incubation Whole Roasted Extruded SEM P-
time(h) value
2 47.20 47.38 47.73 0.84 0.903
4 91.27 89.93 90.38 2.04 0.896
6 134.35 133.45 134.09 1.28 0.88
8 163.19 162.43 162.82 1.05 0.88
12 203.76 202.05 204.82 2.29 0.703
16 231.39° 207.74° 211.19° 1.54  0.0001
24 240.93° 226.11° 227.32° 15 0.0001
36 273/10® 263/04 P 265.19 @ 2.77 0.0011
48 286.39 2 275.31° 276.97° 1.83  0.0001
72 299.254 285.02 P 287.48° 18 0.0001
96 309.76 2 297.01° 299.38 P 2.31  0.0006

- Non-similar letters in each row has a significant difference (P <0.05)
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Table 5- Effect of heat processing on in situ dry matter digestibility of soybean

Comparison (%) Whole Extruded Roasted SEM P-Value
Rapidly degradable (a) 35.17 36.01 35.55 0.541 0.48
Slowly degradable (b) 54.342 51.21° 50.80° 0.993 0.03
(a+h) 89.32 87.16 86.35 2.17 0.19
Constant degradable rate (c) (h») 0.048 0.049 0.052 0.003 0.69
Effective degradability (%)
2 74.228 72.60P 71.57¢ 0.354 0.006
5 62.70° 61.60° 60.62° 0.301 0.001
8 56.47° 55.70° 54.80P 0.307 0.005
1- Effective degradability of dry matter of seeds at passage rates (K) of 2, 5 and 8 (%) - Non-similar letters in

each row has a significant difference (P <0.05).
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Figure 3- Degradability curve of crude protein, whole soybean (WSB), extruded soybean (ESB) and roasted
soybean (RSB)
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Table 6- Effect of heat processing on in situ degradability of soybean crude protein

Comparison (%) Whole Extruded Roasted SEM P-Value
Rapidly degradable (a) 33.70° 29.63° 29.96° 0.0291 0/0001
Slowly degradable (b) 62.62 62.04 60.86 1.139 0.464

(@+b) 96.332 91.69° 90.73° 1.84 0.0004

Constant degradable rate 0.0712 0.064° 0.041° 0.001 0.0001
(c) h

Effective degradability (%)

2 82.60% 77.07° 71.05¢ 0.294 0.0001

5 70.50? 64.70° 57.52¢ 0.495 0.0001

8 64.22° 57.42° 50.72° 0.738 0.0001

1- Effective degradability of dry matter of seeds at passage rates (k) of 2, 5 and 8 (%) - Non-similar

letters in each row has a significant difference (P <0.05).
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Introduction: Dietary protein is the most important factor determining milk N efficiency, urinary N
losses, and consequently, ammonia emissions from dairy cow manure. High crude protein of the diet
will decrease N efficiency of the cow through increased N losses in manure (Mustafa et al 2000). It
seems that a nutritional management could be a suitable method to control N loss. Ration for high
producing dairy cows can be safely balanced with low CP content if a suitable source of rumen
undegradable protein selected in the diet. Therefore, it is essential to use feedstuff having more
intestinal digestibility than rumen degradability. Wholesoybeans contain anti-nutritional factors such
as protease inhibitors, lectins, phenolic compounds and phytates (Salunkhe et al 1992). Soy protein
is rich in lysine, methionine, valine, and isoleucine, which include the first, second and third limiting
amino acids in milk production. Thus, thermal processed soybean may play an effective role in
fulfilling protein requirements delivering essential amino acids while having higher efficiency. The
aim of this study was to determine the effect of different heat-processing methods on rumen
degradability of protein and dry matter of soybean using in situ and gas production techniques.

Material and methods: Heat-treated soybean samples were obtained from two commercial animal
feed producer companies. Experimental treatments included 1) control: whole soybean with no
processing (WS) 2) roasted: roasting for 20 min at 156°C (RS) and 3) extruded soybean: extruded for
ninety seconds at 130°C with 25% moisture (ES). Prior to proximate analyses samples were oven-
dried at 60°C for 48 hours. Chemical composition of samples was determined according to prescribed
procedures of AOAC (2005). Samples (n = 3) were oven-dried at 135°C for 2h and DM was
calculated (AOAC, 2005; Method 930.15). Samples were analyzed for ash at 600°C for 2 h (AOAC,
2005; Method 942.05). N content was determined using Kjeldahl (Foss Electric, Copenhagen,
Denmark) (AOAC, 2005; Method 984.13). Cell-wall content of samples (acid detergent fiber (ADF)
and neutral detergent fiber (NDF)) were determined according to the method of Van Soest et al.
(1991) using heat-stable a-amylase (Number A3306, Sigma Chemical Co., St. Louis, MO). Ether
extract (EE) content determined according to AOAC method (AOAC, 2005; Method 920.39). Dry
matter fermentation and disappearance of samples were determined using in-vitro gas production and
in sacco techniques, respectively. The collected data was analyzed in completely randomized design
using SAS 9.2 software. The gas production technique was according to Fedorah and Hrudey (1983).
Briefly, 200 mg of each dried sample (ground in a Wiley Mill adjusted to 2 mm screening) was
weighed and transferred to the 50 mL glass vials. Prepared buffer (McDougall 1948) with the
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obtained rumen liquor from two fistulated Ghezel lamb were loaded to the vials. Samples were
incubated for 2, 4, 6, 8, 12, 16, 24, 36, 48 and 72 hours. Kinetics of digestion were estimated using
the following model: Gp = A (1-e"). Ruminal degradability of feed samples was measured using two
fistulated Ghezel lamb. The in situ technique was used to determine dry matter and protein
degradability. About 500 mg of the samples were weighed and transferred to nylon bags having the
mesh size of 50 um, then bags were incubated in 4 replications (two bags of each sample for each
incubation hour in the rumen of every lamb) for 0, 2, 4, 6, 8, 12, 16, 24, 36, 48 and 72 hours. Achieved
data from the disappearance of dry matter and crude protein of the bags were used to describe the
degradation kinetics of dry matter and crude protein using the model of y =a + b (1-™).

Results and discussion: The result indicated that heat processing, reduced dry matter digestibility of
soybean (P< 0.05). Cumulative gas production during fermentation was 309.8, 299.4 and 297.0 for
the whole, roasted and extruded soybean, respectively. There was no significant difference between
treatments during the initial hours of incubation, but documented data after 16 hours of incubation
showed significant differences among the treatments which continued until the end of incubation
hours (P <0.05). Estimated nutritive parameters such as metabolizable energy (ME), net energy for
lactation (NEI), short chain fatty acids (SCFA) and organic dry matter digestibility (OMD) showed
significant reduction (P < 0.05) in both processing methods. Changes in the structure of soybean
proteins by heat-processing as well as reduced ruminal digestibility of the protein by ruminal
microorganisms reducing dry matter fermentation can explain the lower amount of gas production in
roasted and extruded soybean in the present study. Lower fermentation resulted to reduction in
estimated ME, NEL, DOM and SCFA of the feedstuffs. Results showed that roasting and extruding
can reduce degradability rate of crude protein. It seems that heating of soybean during processing can
cause changes in the structure of protein in which hydrogen and non-covalent bonds are broken and
changes the conformation by altering amino acid locations (Folawiyo and Apenten 1997).
Degradation rate (c) of crude protein of whole, extruded and roasted soybean were 0.071, 0.064, 0.041
per hour, respectively. It seems that because of lower degradation rate, roasted soybean should have
less ruminal degradation and consequently higher rumen undegradable protein (RUP) than extruded
soybean. The great difference in degradation rate (c) between extruded and roasted soybean in the
present experiment can be attributed to the lower temperature in the extrusion versus roasting of
soybean. However, no significant differences were found for C fractions of dry matter among the
experimental feedstuffs.

Conclusion: Extruding and roasting of soybean can reduce both, accumulative amount, and rate of
gas production and thereby fermentation of soybean after 16 hours of incubation in the rumen,
contribute to more passage of this protein source to the small intestine of ruminants. Lower
degradation rate of crude protein for the roasted soybean can result in higher amount of protected
undegradable protein in the small intestine. However, high heat damage to protein should be
considered. Nonetheless, increasing N efficiency and reduced N from dairy excreta could contribute
to healthier environment.
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