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Abstract Two experiments were conducted to evaluate the effects of microwaving, autoclaving
(moist heating), and roasting (dry heating) on gas production parameters and in situ rumen degrada-
bility of soybean meal (SBM). SBM was treated by roasting at 140°C for 30 and 60 min, and at 160°C
for 30 and 60 min, autoclaving at 121°C for 20 min, and microwaving for 2, 4, and 6 min. A gas
production trial was performed using rumen fluid collected from fistulated sheep. Cumulative gas
production was recorded at 2, 4, 6, 8, 12, 24, 36, 48, 72, and 96 h after incubation. The organic matter
digestibility (OMD), metabolizable energy (ME), net energy (NE), and short-chain fatty acid (SCFA)
in gas production trial were calculated after 24 h incubation. For in situ technique, three fistulated
sheep of the Dalaq breed (with an average weight of 45 + 1 kg) were housed in individual cages and
fed at the level of maintenance. Samples of the processed and unprocessed SBM were ground to pass
through a 3 mm screen, and 5 g of each sample were transferred into nylon bags. The results showed
that treatments had a significant effect on gas production potential (P<0.05). With increasing the
heating duration, gas production potential increased in roasted treatments. Processing methods sig-
nificantly reduced gas production (P<0.05). The lowest volume of gas production was recorded for
the autoclave treatment. Processing with Micro-6 and moist heating (autoclave) resulted in a signif-
icant decrease in organic matter digestibility (OMD) compared to dry heating (roasting). Micro-6
treatment significantly (P<0.05) decreased the concentration of SCFA compared to other treatments.
The results of in situ experiments showed that processing of SBM significantly reduced the rate of
dry matter and protein degradation (P<0.05). Processed SBM had a lower rapid degradable fraction
(@) and higher slowly degradable fraction (b) compared to the control treatment. In conclusion, the
methods of heating (autoclaving, dry heating, and microwaving) of SBM decreased the gas produc-
tion and gas production rate and ruminal protein degradability.
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Introduction

Protein content is a necessary component of the diet re-
quired for growth and reproduction. For maximizing
dairy cow productivity and efficiency of protein utiliza-
tion, supplying proper quantity and pattern of essential
amino acids (EAA) in metabolizable protein (MP) is es-
sential (Ipharraguerre and Clark, 2014). Modern protein
evaluation systems describe the actual protein require-
ment that is digested and absorbed from the small intes-
tine (Wei Gao, 2015). Available MP for absorption in
the small intestine depends on the flow and digestibility
of microbial crude protein (MCP) and dietary ruminal
undegradable protein (RUP) (NRC, 2001). The applica-
tion of MP for production purposes requires the evalua-
tion of ruminal MCP production, the quantity of RUP in

feeds, and their intestinal digestibility of MCP and RUP.
The approach most frequently considered for improving
the quantity and profile of EAA that reach the small in-
testine of dairy cows is to feed CP supplements high in
RUP (NRC, 1985; 2001). The main benefit of RUP is
that the original amino acids in the protein meal are ab-
sorbed in the small intestine instead of being converted
into microbial protein in the rumen, thereby providing a
different balance of EAA for better animal nutrition and
production (Schroeder, 1997).

SBM is the most commonly used protein source in
the animal diet because of its excellent amino acid pro-
file (Min et al., 2009). In addition, it contains dietary
fiber, minerals, and essential fatty acids (Esteves et al.,
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2010). Therefore, the use of high-quality protein sources
like SBM may be more efficient if their proteins are
mainly protected from ruminal degradation to supply di-
rectly amino acids for the host animal (Thanh and
Suksombat, 2015). There are several methods to prevent
degradation of dietary protein in the rumen (EI-Sha-
brawy, 1996). Of these methods, roasting and extrusion
are most commonly used in the feed industry. All meth-
ods involve the Maillard reaction. This reaction can be
controlled by optimizing the heating process (EI-Wa-
ziry, 2007). Thorough heating of protein supplement
causes denaturation of protein and provides effective
protection against microbial fermentation in the rumen
(Dakowski et al., 1996). However, overheated protein
sources may result in lowered intestinal digestibility in
ruminants (Dakowski et al., 1996). Thus, careful control
of heating conditions is required to optimize the nutri-
tive value (Ljokjel et al., 2000). The aim of the present
study was to evaluate the effect of additional heat treat-
ment in different forms (autoclaving, roasting, and mi-
crowaving) of SBM on the RUP content and digestibil-
ity of nutrients compared to unprocessed SBM.

Materials and methods
Treatments and chemical analysis

This study was conducted in the Agricultural Faculty of
Gonbad University. The treatments included un-pro-
cessed SBM (control), roasted SBM at 140°C for 30 and
60 min (140-30 and 140-60), 160°C for 30 and 60 min
(160-30 and 160-60), autoclaved SBM at 121°C for 20 min
(autoclave), and microwaved SBM at 120°C under 500 watt
for 2 (Micro-2) 4 (Micro-4), and 6 min (Micro-6).

For the roasting process, SBM was spread out in an
aluminum tray and placed in a digital oven set at 140
and 160°C for 30 and 60 min. In the autoclaving process,
SBM was prepared as 500-g batches and autoclaved at

dry matter before ruminal incubation- dry matter after ruminal incubation

121°C and one-atmosphere pressure for 20 min.

After autoclaving, roasting, and microwaving pro-
cesses, the SBM samples were transferred to a tray to
cool down, transferred into plastic bags and refrigerated
at 4°C until use.

The chemical composition of processed SBM sam-
ples consisting of dry matter, organic matter, ash, crude
protein, and crude fiber were determined in accordance
with AOAC (2005).

In situ procedure

To measure the ruminal disappearance of SBM dry mat-
ter, the nylon bag technique was used (Mohrez and Or-
skov, 1977). For this purpose, three fistulated sheep of
the Dalag breed (average body weight of 45 + 1 kg, SD)
were used. The sheep were housed in individual cages,
fed at the maintenance level (approximately 1.5 kg) with
free access to drinking water. The fistulated sheep were
fed daily in the morning and the afternoon (0800 and
1600). Synthetic polyester nylon bags (8 x 14 cm with
a pore diameter of 45 to 50 um, and indigestible in the
rumen) were used.

The processed SBM samples were ground to pass 3
mm screen. Then, 5 g of each sample was transferred
into nylon bags. Four nylon bags per treatment in each
of the incubation time were placed in the rumen of fis-
tulated sheep and incubated for 2, 4, 8, 12, 24, 36, 48,
72, and 96 h. To estimate the amount of feedstuff disap-
pearance at time zero (the water-soluble fraction) the
bags containing the feed samples were rinsed for 30 min
with cold water until water was quite clear. After incu-
bation, the bags containing the undigested feed materi-
als were removed from the rumen, immediately rinsed
with cold water for 30 min, oven-dried at 65°C for 48 h,
and weighed for calculation of dry matter degradability
(Orskov and McDonald, 1979) using the following for-
mula:

x100

Dry matter Degradability (%)=

The parameters of dry matter degradation were esti-
mated using the SAS software (SAS, 2003). The follow-
ing non-linear relationship (Orskov and McDonald,
1979) was used to fit data:

P=a+b(1-¢*)

in which,

P: degradability potential

a: the rapidly soluble fraction

b: the potentially degradable fraction which disappears
at a constant rate

e: Euler's number
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dry matter before ruminal incubation

C: a constant rate of degradation
t: time of ruminal incubation

The effective dry matter degradability of processed
SBM was estimated using the following equation (Or-
skov and McDonald, 1979):

bxc

ERD=a+ [ﬁ]

where,

ERD: effective ruminal degradability
a, b, and c: previously described

k: passage rate
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Gas production procedure Statistical analysis

The volume of gas produced was measured by using the The data were analyzed in a completely randomized de-
pressure indicator and glass vials containing artificial sign using the GLM procedure (SAS, 2003) as:

saliva and filtered ruminal fluid (Menk et al., 1979). _

Samples of processed SBM were ground using a grind- Yi= o+ Tik &

ing mill to pass 1-mm screen, oven-dried at 65°C for 48 where,

h, and 200-mg sub-sample transferred into glass vials. Yi;: the dependent variable
For each sample, four replicates were used as the test W the overall mean

while another four vials without sample were used as T:- main effect of treatments
the control. Ruminal fluid was prepared from three e experimental error

sheep used in the degradation experiment. Flasks con-

taining the filtered rumen fluid were bubbled with car-

bon dioxide and incubated at 39°C. Avrtificial salivaand ~ Results

rumen fluid were mixed at a ratio_of 2:1 an_d _30 mL of Gas production parameters of processed SBM

the mixture were added to glass vials containing 0.2 gr

sample or control. Immediately, each vial was bubbled ~ The effects of heating processing (roasting, microwav-

with carbon dioxide for 10 s and sealed using rubber ing, and autoclaving) on gas production parameters in-

stoppers and aluminum cover. The vials were trans- cluding the predicted ME (MJ/kg DM), NE (MJ/kg

ferred to a shaking water bath at 39°C and incubated for DM), and OMD (%) are shown in Table 1. The heating

2,4,6,8, 12, 24, 36, 48, 72, and 96 h after which the processes had a significant effect on gas production po-

gas pressure was measured using a pressure gauge. tential (P<0.05). Control SBM samples recorded the
Cumulative gas production was determined accord- lowest gas production potential (228.2 mL/g DM) com-

ing to Orskov and McDonald (1979). The OMD, ME, pared to processed treatments (235.5, 262.9, 262.2,

and NE were determined according to Menk et al. 270.2, 226.6, 289.5, 254.4, and 262.2 mL/g DM, respec-

(1979) equations. The amount of SCFA was calculated tively, for 140-30, 140-60, 160-30, and 160-60, Micro-

using the Makar’s (2004) equation. 2, Micro-4, Micro-6, and autoclave). By increasing the

OMD (%) =14.88+ 0.889 GP+ 0.45 CP + 0.0651 XA heating time, the gas production potential was increased

_ in roasted treatments. Processing with microwave at 2,
ME (MJkgDM)=2.20+0.136 GP +0.057 CP+0.0029 CF 4, and 6 min had a significant effect on the gas produc-
NE (MJ/kgDM) = -0.36+ 0.114 GP+ 0.0054CP+0.0139  tjon potential so that the highest and the lowest values
EE-0.0054 XA were found for 4 and 2 min, respectively. There was a
SCFA (mmol) = 0.0222 GP- 0.00425 significant effect of processing methods on gas produc-

OMD: organic matter digestibility tion (mL) in various incubation times (Table 2).

ME: metabolizable energy
NE: net energy Energy contents and OMD
SCFA: short-chain fatty acids

GP: Net gas production after 24 hours (per 200 mg sample There was a significant difference between thermal pro-

dry matter) cessing methods in terms of estimated parameters

CP: crude protein (%) (P<0.05). Processing with Micro-6 and moist heating

XA: ash (%) (autoclave) resulted in a significant decrease in OMD

CF: crude fiber (%) compared to dry heating (Table 1). There was no signif-

EE: ether extract (%) icant difference between the dry and moist heating
Gas production parameters were estimated as de- methods in terms of ME. However, processing with Mi-

scribed by Orskov and McDonald (1979): cro-6 significantly reduced ME (P<0.05). In addition,

y=b(1-e the moist heating process significantly decreased NE

compared to dry heating (at 160°C, Table 1).

where,

y: the gas produced at the time of incubation Short chain fatty acids (SCFA)

b: gas production from an insoluble fermentable fraction

e: Euler's number In Micro-6 treatment, the concentration of SCFA

C: gas production rates for b was significantly (P<0.05) decreased compared to other

t: incubation time treatments (Table 1).
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Table 1. Gas production parameters and energy contents of processed and unprocessed soybean meal

Gas production potential

Gas roduction constant rate

OMD? ME? NE* SCFAS

1
Treatment (mL/g DM) (mL/g DM) %) (MJkg) (M kg) (mmol)
Control 228.0+4.74 0.035+0.0018 62.687 899" 302  0.66%
140-30 235 5:+4.51 0.037+0.0017 6196 8660 273  0.61%
140-60 262.96+6.73 0.037£0.0024 6353 910®  3.10®  0.68%
160-30 262.2+2.38 0.038+0.0008 66.14° 9222 353  0.70°
160-60 270.2+5.82 0.035+0.0018 66072  9.20°  350°  0.70°
Micro-2 226.6:5.66 0.0466:0.0034 63.79%  9.04®  304°  0.67%
Micro-4 289.5+10.42 0.02920.0023 64070 9.04®  306°  0.67%
Micro-6 254.4+4.97 0.038+0.0019 50.45¢ 855"  296°  0.50"
Autoclave 262.2+6.16 0.034+0.0019 6007 867 274" 0,61
SE 1137 0173 0146  0.028

1Soybean meal was treated by roasting at 140°C for 30 and 60 min (140-30 and 140-60), and at 160°C for 30 and 60 min,
(160-30 and 160-60); microwaving for 2, 4, and 6 min, (Micro-2, Micro-4, and Micro-6) min; and autoclaving at 121°C for 20

min (Autoclave).

20MD: organic matter digestibility, SME: metabolizable energy, *NE: net energy, SSCFA: short-chain fatty acids.
ab Within each column, means with common letter(s) are not different (P> 0.05).

Table 2. Gas production of processed and unprocessed soybean meal at different times of incubation

Time after incubation (h)

1
Treatment 2 4 6 8 12 24 36 48 72 9%
Control 11.75%9  26.37% 30.75° 5137 00.12°  151®  103.75%°  216™  237.37™  248.37%°
140-30 1750 30758 48.37% 5662 86.37° 138.75% 178.37%  106%  219.37%d 229 75bed
140-60 2125°  34.87% 53877 64.25% 02.87%  155®  103.25%  210.87%¢  24350% 255
160-30 18.12%° 3325%  5050® 62.62% 93.50® 150258 201.25%  221.87%  244®  253.75%
160-60 1087 32.37%  45% 5387 06.62% 158.50° 199.37%  220%  24750°  258.62°
Micro-2 245% 375 49.12% 7112%  107° 15262 180.25" 197.50%¢ 21850%  228.75%
Micro-4 200 33870  49.62® GLG2D 9712 15287 101.620° 212.50%0  236.250¢ 24850
Micro-6 119 23120 3759 48  82.87° 13475° 208.25°  230.87°  251.75%  263.12°
Autoclave 60 16750 30870 4562° 84500 138.87% 172.87°  189.36¢  206.87¢  217.37¢
SE 28 269 370 398 503 639 715 7.64 771 7.75

'Soybean meal was treated by roasting at 140°C for 30 and 60 min (140-30 and 140-60), and at 160°C for 30 and 60 min, (160-30 and 160-

60); microwaving for 2, 4, and 6 min, (Micro-2, Micro-4, and Micro-6) min; and autoclaving at 121°C for 20 min (Autoclave).
ab within each column, means with common letter(s) are not different (P> 0.05).

Dry matter degradability of processed SBM

The PD, ED, quickly degradable fraction (a), slowly
degradation fraction (b), and dry matter constant rate of
degradation (c) are shown in Table 3. Dry heating at
160°C for 60 min significantly reduced the quickly de-
gradable fraction (a). In general, processing of SBM
with different methods (except for autoclave processed
SBM) significantly reduced the degradation rate
(P<0.05). Different processing methods significantly re-
duced the amount of effective degradation compared to
the control (P<0.05). The effective degradability (ED)
was also affected by the processing method (P<0.05).
Dry heating process at 160°C for 60 min resulted in the
lowest ED value compared to other treatments (P<0.05).
In microwave-heated samples, decrease in rapidly de-
gradable fraction, PD, and ED and increase in slowly de-
gradable fraction were observed with increasing heating
time (Table 3). In situ degradation rate of DM (Table 4)

14

was significantly affected by the processing method
(P<0.05) with the SBM samples processed at 160°C for
60 min having the lowest degradation rate at all incuba-
tion periods.

Protein degradability of processed SBM

The control SBM samples showed the highest, and 160
-60 and autoclave samples the lowest crude protein deg-
radation at all incubation times (Table 6). In situ degra-
dation parameters such as PD and ED of SBM crude
protein are shown in Table 5. All processed samples (ex-
cept those processed by microwave for 2 min) had a
lower rapidly degradable fraction (a) and higher slowly
degradable fraction (b) (P<0.05). Increased duration of
dry heating and microwave processing reduced the
quickly degradable fraction and increased the slowly de-
gradable fraction. The PD and ED values of soybean CP
were decreased by different heat processing (Table 5).
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Table 3. Degradability coefficients and effective degradability of processed and unprocessed soybean meal dry

matter

Treatmentt ; Degradabilit)g Coefficients? ) PD? E3ffective deE’gradabiIit)é4
Control 23.08+1.94  74.28+3.20  0.067+0.007 97.36 75.55 65.81 57.13
140-30 24.95+2.34 76.26£5.95  0.047+0.090 101.22  71.70 62.12 53.37
140-60 24.02+2.14 79.49+6.87  0.040+0.008 10351  69.59 59.50 50.65
160-30 20.02+2.08 76.73+4.66  0.050+0.007 96.75 68.25 58.68 49.81
160-60 18.91+1.91 76.73+4.66  0.050+0.007 96.75 61.64 52.27 44.01
Micro-2 24.96%2.10 77.84+451  0.052+0.007 102.81  74.50 64.84 55.81
Micro-4 21.27+2.06 80.27+4.34  0.053+0.0007 101.55  72.59 62.65 53.33
Micro-6 21.09+2.10  91.57+4.30  0.058+0.008 91.57 67.69 59.10 50.87
Autoclave 21.13+2.73  70.44+4.66  0.064+0.008 91.58 69.31 60.92 52.68

1Soybean meal was treated by roasting at 140°C for 30 and 60 min (140-30 and 140-60), and at 160°C for 30 and 60 min,

(160-30 and 160-60); microwaving for 2, 4, and 6 min, (Micro-2, Micro-4, and Micro-6) min; and autoclaving at 121°C for
20 min (Autoclave).
2a: quickly degradable fraction, b: slowly degradable fraction, c: constant rate of degradation.

3Potential of degradability.
“Effective degradability calculated with a passage rate (k) of 0.03, 0.05, and 0.08 per h.

Table 4. In situ rumen degradation of processed and unprocessed soybean meal DM (%)

Treatments! Time after incubation (h)
0 2 4 6 8 12 24 48

Control 24.40° 27.40° 42,932 48.40? 54.06° 69.932 75.46% 97.33°
140-30 22.20% 27.06 42.66° 48.53? 49.40P 62.60% 66.73P 97.13°
140-60 22.00° 26.260 39.46° 41.60¢ 47.73P 61.13¢% 6366° 95.06°
160-30 18.46¢ 24.13¢ 37.86° 39.06° 48.83P 60.33¢ 65.06" 93.26¢
160-60 18.33¢ 19.73f 35.26¢ 34.53f 40.40¢ 52.40° 58.80° 84.60"
Micro-2 26.802 30.66° 38.20°¢ 42.26% 53.332 70.262 73.602 98.602
Micro-4 21.80° 24.53¢% 39.93%¢ 43,53% 47.66° 66.33° 71.532 97.86%
Micro-6 20.66% 25.26°% 38.53¢ 44.40° 44.40° 63.73° 66.13° 90.33¢
Autoclave 19.004 23.93¢ 42.00% 48.20? 53.40° 60.46° 65.26° 93.80¢
SE 0.751 0.660 0.733 0.608 0.635 0.621 1.372 0.350

1Soybean meal was treated by roasting at 140°C for 30 and 60 min (140-30 and 140-60), and at 160°C for 30 and 60 min, (160-30
and 160-60); microwaving for 2, 4, and 6 min, (Micro-2, Micro-4, and Micro-6) min; and autoclaving at 121°C for 20 min (Auto-

clave).

ab Within each column, means with common letter(s) are not different (P> 0.05).

Table 5. Degradability coefficients and effective degradability of processed and unprocessed soybean meal

crude protein

Degradability Coefficients?

Effective degradability

Treatment! PD?
a b C 3 5 8

Control 36.88+1.68 63.99+2.58  100.87 0.077+0.008  83.05 75.82 68.41
140-30 34.78+1.89 65.71+3.08 103.50  0.070+0.009  80.96 73.32 65.66
140-60 31.04+2.15 68.66+3.80 99.71 0.064+0.043  77.80 69.60 61.57
160-30 30.74+1.72 70.74+350 101.48  0.055+0.007 76.71 68.01 59.76
160-60 29.50+1.56 64.28+2.85 93.79 0.061+0.074 72.81 65.08 57.56
Micro-2 36.33+1.25 63.13+2.11 99.46 0.067+0.006  80.10 72.67 65.29
Micro-4 34.15+1.88 66.34+3.98 100.50  0.053+0.008 76.74 68.54 60.83
Micro-6 28.01+1.59 70.47+3.23 98.48 0.055+0.006  73.88 65.22 57.00
Autoclave 29.94+1.75 69.94+3.18 99.64 0.062+0.007  76.95 68.56 60.41

1Soybean meal was treated by roasting at 140°C for 30 and 60 min (140-30 and 140-60), and at 160°C for 30 and 60 min,

(160-30 and 160-60); microwaving for 2, 4, and 6 min, (Micro-2, Micro-4, and Micro-6) min; and autoclaving at 121°C for
20 min (Autoclave).
2a: quickly degradable fraction, b: slowly degradable fraction, c: constant rate of degradation.
3Potential of degradability.
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Table 6. In situ rumen degradation of processed and unprocessed soybean meal CP (%) at

different times of incubation

Treatments! Time after incubation (h)
0 2 6 12 24 48

Control 38.732 45.512 55.512 80.952 89.872 99.06°
140-30 36.862 42.12° 53.12° 78.09° 86.33% 98.567
140-60 31.76° 38.93¢ 48.93¢ 75.21° 79.64¢ 98.16%
160-30 30.26" 38.55¢ 48.55¢ 71.11¢ 77.68° 98.23%
160-60 30.80° 36.11¢ 46.11¢ 68.33¢ 76.43¢ 91.16¢
Micro-2 37.032 44,59 53.93% 75.32¢ 85.48" 97.32%
Micro-4 36.532 38.60° 48.60° 72.16¢ 78.86° 96.21°
Micro-6 28.16° 35.45¢ 45.45¢ 67.75¢ 76.09¢ 94.88¢
Autoclave 29.36™ 38.93° 48.93¢ 72.249 79.02° 97.82%®

1Soybean meal was treated by roasting at 140°C for 30 and 60 min (140-30 and 140-60), and at 160°C
for 30 and 60 min, (160-30 and 160-60); microwaving for 2, 4, and 6 min, (Micro-2, Micro-4, and

Micro-6) min; and autoclaving at 121°C for 20 min (Autoclave).
abwithin each column, means with common letter(s) are not different (P> 0.05).

Discussion
Gas production

The lowest amount of gas production at all incubation
times was for autoclave treatment. Increased duration of
treatment with microwave (2, 4, and 6 min) reduced gas
production in the first 12 h of incubation. However, after
36 h incubation, gas production was increased by in-
creasing the processing duration. In agreement with
these results, other papers showed that gas production
from the insoluble fractions (b) was significantly de-
creased when SBM was autoclaved (El-Waziry et al.,
2007) or roasted (EI-Waziry et al., 2005).

Energy contents and OMD

The decrease in OMD due to Micro-6 and moist heating
(autoclave) was in line with the findings of El-Waziry
et al. (2007). The highest and lowest OMD percentages
were found untreated and autoclaved SBM, respec-
tively.

In agreement with our findings, a decrease in the pre-
dicted ME and NE of SBM was reported when SBM
was treated by 30 min autoclaving (EI-Waziry et al.,
2007) or roasting at 146°C for 30 min (El-Waziry et al.,
2005). Samadi and Yu (2011) reported that moist and
dry heating did not alter the energy values (ME, NE) of
soybean seeds. Decrease in ME and NE have been at-
tributed to increased Maillard products, which decreases
ruminal degradability (EI-Waziry et al., 2007).

SCFA concentration

The result of this work supported the findings that
showed that SCFA concentrations were significantly
(P<0.05) decreased when SBM was treated by dry heat-
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ing (EI-Waziry et al., 2005) and autoclaving (EI-Waziry
etal., 2007). The rate of total SCFA production depends
on the substrate-soluble carbohydrate (starches and sug-
ars> pectin> cellulose) (Stevens and Hume, 2004),
thereby decreased production of SCFA can be attributed
to the decrease in the soluble fractions and the degrada-
tion rate (Table 3).

Dry matter degradability of processed SBM

In agreement with our findings, a significant decrease in
the soluble fractions (a) of SBM was reported when
SBM was treated by autoclaving (ElI-Waziry et al.,
2007) or roasting (EI-Waziry et al., 2005) processes.
Similar results were reported by Ljokjel et al. (2000),
who evaluated autoclaved SBM at 120 and 130°C for 30
min using the in situ technique. EI-Waziry et al. (2005
and 2007) observed that the rate constant of gas produc-
tion for the insoluble fraction (c) of SBM was signifi-
cantly reduced when SBM was treated by autoclaving
or roasting processes. Some papers also reported that
heat treatment significantly reduced the rapidly soluble
fraction in SBM (Konishi et al., 1999; El-Waziry,
2005).

Protein degradability of processed SBM

Our findings are in agreement with those of Konishi et
al. (1999) who reported that heat treatment decreased
the rapidly soluble fraction (a) of crude protein when
roasted at 133°C, 143°C, or 153°C for 3 h. Consistent
with these findings, a significant decreases in the solu-
ble protein of flaxseeds (51.88 to 18.82%, CP) (Doiron
et al., 2009), camelina seeds (Peng et al., 2014) (52.73
t0 20.41% CP), and soybeans (43.38 to 11.35% CP) (Sa-
madi and Yu, 2011) by moist heating (at 120°C for 1 h)



were reported compared to raw seeds. In this experi-
ment, there was no significant difference in the amount
of soluble protein between the dry heat treatment
(higher temperature and longer time; 160°C for 60 min)
and moist heat treatment (lower temperature and shorter
time; 120°C for 20 min). The result of the present study
confirmed that moist heating process had a greater ef-
fect on reducing the soluble protein compared to dry-
heat treatment of SBM.

Heating SBM decreased the slowly degradable frac-
tion (b) compared to the control. This finding is con-
sistent with the suggestion that feed protein is more
gradually degraded in the rumen after moist heating
(Doiron et al., 2009; Samadi and Yu, 2011; Peng et al.,
2014). Moist heating significantly decreased CP degra-
dability compared to camelina (75.4 to 57.9%) (Peng et
al., 2014) and soybean raw seeds (86.2 to 66.4%) (Sa-
madi and Yu, 2011).

Autoclaving (Ljokjel et al., 2000), expelling (Titge-
meyer and Shirley, 1997), and roasting (Faldet et al.,
1991) reduced the effective rumen degradability of pro-
teins (EPD) in SBM. Konishi et al. (1999) also found
that ED of crude protein in SBM and rapeseed meal was
significantly reduced by increasing the heating temper-
ature (when roasted at 133, 143 or 153°C for 3 h) at all
ruminal outflow rates. Samadi and Yu (2011) showed
that moist heating had a much greater effect on the
chemical and nutrient profiles of SBM crude protein
than dry heating. Cleale et al. (1987) noted that moisture
levels higher than 20% were needed to effectively pro-
tect proteins from degradation in the rumen. However,
in the present study, dry heating had an equal or greater
effect than moist heating; because in dry heating treat-
ments (140 and 160°C for 30 and 60 min) SBM was ex-
posed to a higher temperature for a longer time com-
pared to the moist heating treatment (121°C for 20
minutes).

Heating treatment was reported to reduce SBM pro-
tein degradation in the rumen resulting from a lower sol-
ubility of the protein in the rumen (Konishi et al., 1999;
El-Waziry, 2005; Samadi and Yu, 2011; Peng et al.,
2014). SBM contains 0.5+1% reducing sugars and al-
most 13% non-reducing oligosaccharides (Bach Knud-
sen, 1997) that might be broken down to reducing mon-
osaccharides during heating (Ljokjel et al., 2000). The
cross-linkages between these reducing monosaccha-
rides and peptide chains form complexes between free
amino and aldehyde groups which reduce the protein
solubility. Furthermore, heat processing reduces protein
degradation in the rumen by changing the protein mo-
lecular structure (Peng et al., 2014). It was shown that
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even if feed tissues contain the same protein content,
their nutritive value may be different if their a-helix-to-
B-sheet ratios in the protein secondary structures are dif-
ferent (Samadi and Yu, 2011). The change in the ratio
of a-helix to B-sheet by moist heating was reported by
Doiron et al. (2009). The results of numerous pieces of
research showed that moist heating (120°C for 60 min)
significantly decreased the ratio of a-helix to B-sheet
compared to dry heating process (120°C for 60 min).
These changes in protein intrinsic molecular structures
were associated with decreased CP solubility and pro-
tein degradation in the rumen, as well as increased in-
testinal digestibility of RUP in soybean seeds (Samadi
and Yu, 2011) and camelina seeds (Peng et al, 2014).
These findings indicated that changes in protein sub-
fractions and protein digestibility in the rumen were re-
lated to the changes occurring due to heating of the pro-
tein molecular structures.

Conclusions

Results of the present study suggested that dry and moist
heating and microwaving of SBM decreased the gas
production, and gas production rate and ruminal protein
degradability. Although heat production is a common
phenomenon during SBM processing, the results of the
present study showed that extra heat could significantly
affect the protein and DM degradability in the rumen.
Generally, the methods of heating (autoclaving, dry
heating, and microwaving) affected protein degradabil-
ity. The results of the present study showed that micro-
waving of SBM might result in greater gas production
compared whit the moist heating.
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