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Abstract: The current study was conducted to evaluate the effect of soybean meal (SBM) treated with heating
(roasting SBM) or tannic acid (TA) at three levels (1, 2 or 3% of DM) in comparison with fish meal (FM) as a
low degradable protein source on gas production, rumen fermentation and energy content in vitro. A gas
production technique was performed using rumen fluid collected from fistulated sheep. Cumulative gas
production was recorded at 3, 6, 9, 12, 24, 48 and 72 h of incubation. Kinetics of gas production was fitted to
an exponential model. Ammonia-N (NH -N) and volatile fatty acids (VFA) concentrations were determined at3

0,1,3 and 6h of incubation. The organic matter digestibility (OMD), metabolizable energy (ME) and net energy
(NE) were calculated from gas production after 24-h incubation. Microbial protein (MP) was calculated from
OMD. The maximum gas volume was highest for SBM followed by heating (roasting) SBM, SBM treated with
1 or 2% of TA and lowest for SBM treated with 3% of TA and FM, respectively. The soluble fraction (a) of SBM
was significantly (P<0.05) reduced when SBM was treated by heating or TA. The value of (a) for FM on
average was (P<0.05) significantly decreased when compared with SBM or treated SBM. The gas production
from the insoluble fraction (b) was significantly (P<0.05) decreased when SBM was treated by heating or TA.
The gas production rate constant for the insoluble fraction (c) of SBM was significantly (P<0.05) decreased
when SBM was treated. The highest rate of gas production was observed with SBM followed by roasting SBM
and FM. There are similarities between observed gas production and predicted gas production by exponential
model. The concentrations of NH -N and VFA were reduced (P<0.05) when SBM treated with heating or TA.3

The prediction of OMD, ME, NE and MP were reduced when SBM treated by heating or TA. The current study
concluded that the treatment of SBM decreased the gas production and hence, decreased the gas production
from soluble, insoluble fractions of SBM. In addition, the treatment of SBM increased the utilization of energy
that predicted from gas production.

Key word: Soybean   meal,   roasting   SBM,   tannic  acid,  fish meal, gas production, rumen fermentation,
in vitro.

INTRODUCTION dairy   diets.  It  is  very  palatable  and  has  a  good

 Amino acids required by beef and dairy cattle come essential  amino  acid  index is just next to ruminal
both from dietry protein that escapes rumen fermentation microbial  protein  beating  all  other  undegradable
(bypass or undegradable protein) and the microbial protein  sources .  However,  SBM has relative low
protein  produced  during  rumen  fermentation.  Ørskov protein efficiency because of extensive ruminal
et al  described the level of undegradable protein degradation.  It  is  estimated  that only 34% of protein in[29]

requirement influenced by animal age and production. The SBM  escape  rumen  fermentation .  Its  use  is
younger animal or the higher milk production, the more becoming   limited  in  diets  of  rapidly  growing  and
undegradable protein is required. Use of undegradable high-producing ruminant animals. Therefore, improvement
protein sources in ruminant diets has become a common in ruminal escape characteristics of SBM is of major
practice in diet formulation. Soybean meal (SBM) is the importance   to   both   beef   and   dairy  producers  and
most commonly used protein supplement in beef and the soybean industry.

amino acid balance and high availability. Its bypass

[7]

[28]
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Various methods of treating SBM have been studied Chemical Analyses: Protein sources were analyzed
to alter the rate and extent of protein degradation in the according to AOAC  for dry matter (DM), crude protein
rumen over the last 25 years . Some of the (CP), Crude fat (CF), ash, organic matter (OM). Neutral[35,2,31,36,37]

techniques, e.g. extrusion, roasting, expeller, detergent fiber (NDF), acid detergent fiber (ADF)
lignosulfonate, and formaldehyde have been successfully according to Van Soest et al .
used to protect SBM from ruminal degradation. On the  
other hand, tannins are polyphenolic compounds of plant In vitro gas production and rumen fermentation:  In vitro
origin, which bind with proteins, primarily by hydrogen gas production was completed according to the procedure
bonding. The value of tannins to ruminant protein described by Menke and Steingass . Buffer and mineral
nutrition lies in the sensitivity of the bonding to pH; over solution are prepared and placed in a water bath at 39°C
the normal pH range in the rumen, protein remains bound under continuous flushing with CO . Rumen fluid is
to the tannin, but at the low pH normally occurring in the collected from fistulated sheep fed on berseem hay and
abomasum, the protein is released . Protein is thus commercial concentrate mixture diet into a pre-warmed[6]

effectively protected from degradation in the rumen, but thermos flask. The rumen fluid was filtered and flushed
becomes available for digestion in the abomasum and with CO , and the mixed and CO  flushed rumen fluid was
small intestine. However, There is still much need to added to the buffered mineral solution (1:2 v/v), which
perfect conditions for protein protection methods was maintained in a water bath at 39°C, and combined.
especially with tannins. The In vitro methods of feed Samples (200 ± 10mg) of the air-dry feedstuffs were
evaluation have numerous advantages over in vivo accurately weighted into syringe fitted with plungers.
methods. They are less expensive, less time-consuming Buffered rumen fluid (30 ml) is pipetted into each syringe,
and allow incubation to be maintained more precisely than containing the feed samples, and the syringes were
in vivo. In addition, in vitro techniques utilize small immediately placed into the water bath at 39°C . Three
amounts of test feeds making them applicable to syringes with only buffered rumen fluid are incubated and
screening feeds  that  are  not  available  in  sufficient considered as the blank. The syringes are gently shaken
quantity for in vivo experiments. The in vitro methods of every 2 h, and the incubation terminated after recording
Tilley and Terry , in sacco method of Mehrez and the 72 h gas volume. The gas production was recorded[38]

Ørskov  and enzymatic method of Jones and Hayward after 3, 6, 9, 12, 24, 48 and 72 h of incubation. Cumulative[23]       [16]

have all been widely used to predict digestibility of feeds, gas was expressed as milliliter of gas produced per 200 mg
and used as a selection tool for screening feeds for of dry matter and corrected for blanks. Cumulative gas
nutritional quality. The in vitro gas production system production GAS (Y) at time (t) was fitted to the
helps to better quantify nutrient utilization, and its exponential model of Ørskov and McDonald  as follows:
accuracy in describing digestibility in animals has been Gas (Y) = a + b (1-exp ), where; a = the gas production
validated in numerous experiments .   However, from the immediately soluble fraction, b = the gas[3,4,13,20]

where   applicable   the in vitro gas production system production from the insoluble fraction, c = the gas
can be used to predict animal performance at a much lower production  rate  constant  for  the insoluble fraction (b),
cost. Based on the strong relationship between measured t  =  incubation  time.  Another  two  bottles containing
digestibility and that predicted from gas production, 300 mg protein sources samples and 45ml Buffered rumen
regression equations have been developed and the fluid were incubated for determination ammonia nitrogen
method has been standardized. Therefore, the objective of (NH -N) and volatile fatty acids (VFA) concentrations at
the present study was to determine the effects of 0, 1, 3 and 6h of incubation. Ruminal NH -N concentration
protecting SBM with three levels of tannic acid (1%, 2% was determined according to Gips and wibbens-Alberts
and 3%) and raosting SBM in comparison with fish meal and volatile fatty acids were determined according to
as a low degradable protein source on gas production, Warner . 
rumen fermentation, energy content and microbial protein.  
 Energy   and   microbial   protein   estimation:  The

MATERIALS AND METHODS energy  value  of  protein  sources  can  be  calculated
 from the amount of gas produced at 24 h of incubation
Protein sources: Soybean meal (SBM), roasting SBM at with   supplementary   analyses  of  crude  protein,  ash
146ºC for 30 min. , SBM treated with 1% tannic acid (TA) and   crude   fat.   This   approach   was   developed  by[12]

of DM, SBM treated with 2% TA of DM, SBM treated the  research  group  in Hohenheim (Germany) and is
with 3% TA of DM and fish meal as a low degradable based upon extensive in vitro incubation of
protein source. feedstuffs .

[1]

[40]

[24]
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ME (MJ /Kg DM) = 1.06 + 0.157Gp + 0.084CP + 0.22CF
- 0.081CA

OMD (%) = 14.88 + 0.889 Gp + 0.45CP + 0.0651 CA

C Where: ME is the metabolizable energy
C OMD is organic matter digestibility
C Gp is is 24 h net gas production (ml/200 mg DM)
C CP is crude protein (% of DM)
C CA is ash (% of DM)

NE (Mcal/lb) = (2.2 + (0.0272*Gas) +(0.057*CP) +
(0.149*CF)) /14.64

C Where: Gas is 24 h net gas production (ml/g DM)
C CP is crude protein (%of DM)
C CF is crude fat (%of DM)
C Then the NE unit was converted to be MJ/Kg DM
C Microbial protein was calculated as 19.3 g microbial

nitrogen per kg OMD according to Czerkawski[8]

 
Statistical analyses: Data were subjected to analysis of
variance (ANOVA) using the General Linear Model.
Significant differences between individual means were
identified using least significance difference (LSD)
multiple range test . [33]

 
RESULTS AND DISCUSSION

In vitro gas production:  The chemical composition of
protein sources is presented in Table 1. The cumulative
gas production “corrected for blank fermentation” of
soybean meal (SBM), SBM treated with 1% tannic acid
(TA), SBM treated with 2%TA, SBM treated with 3% TA,
roasting SBM and fish meal (FM) that were incubated in
buffered rumen fluid from sheep fed the ration with
berseem hay and concentrate is showed in Figure1. The
highest mean values of cumulative gas production during
72 h was obtained by SBM followed by roasting SBM,
SBM treated with 1%TA, SBM treated with 2%TA and
SBM treated with 3% TA (Table 2). The lowest gas
production obtained by FM (low degradable protein
source, Table 2). The estimated kinetics parameters by
exponential model are presented in Table (2). The soluble
fractions (a) of SBM were significantly (P<0.05) reduced
when SBM was treated by roasting or TA. The values of
(a) on average were 3.41, -1.99, -1.96, -0.90 and - 0.81 ml for
SBM, roasting SBM, SBM treated with 1%TA, SBM
treated with 2%TA and SBM treated with 3% TA,
respectively. The value of (a) for FM on average was
(P<0.05) significantly decreased when compared  with
SBM  or  treated  SBM.  The  TA levels (2 or 3%) did not

Table 1: Chemical  composition  (%  of DM basis) of soybean meal and
fish meal.

Item Soybean meal Fish meal
Dry matter 89.37 90.85
---------------------------------------------------------------------------------------------
Ash 6.40 13.75
---------------------------------------------------------------------------------------------
Organic matter 82.97 77.10
---------------------------------------------------------------------------------------------
Crude protein 43.20 72.5
---------------------------------------------------------------------------------------------
Ether extract 1.15 7.45
---------------------------------------------------------------------------------------------
NDF 15.11 -
---------------------------------------------------------------------------------------------
ADF 10.15 -

express statistical significant differences between the two
levels of TA. The gas production from the insoluble
fraction (b) were significantly (P<0.05) decreased when
SBM was treated by roasting or TA (Table 2). The lowest
value of (b) fraction was obtained when  SBM  treated
with  3%  of  TA  (41.36 ml). The (b) value of roasting
SBM was higher (47.43 ml) than that of SBM (46.31 ml),
and  it  is  may due to the fraction (a) of them (-1.99 and
3.41 ml  for roasting SBM and SBM, respectively). The (b)
value of FM on average was (P<0.05) significantly
decreased when compared with SBM or treated SBM
(Table 2). The gas production rate constant for the
insoluble fraction (c) of SBM was significantly (P<0.05)
decreased when SBM was treated (Table 2). The highest
rate of gas production was observed with SBM followed
by roasting SBM and FM. The lowest rate was found with
SBM treated with TA. 

There are similarities between observed gas
production and predicted gas production by exponential
model (Table 3). Positive values indicate positive effects
of treated in SBM and it was showed at all time of
incubation, except, the time of 24 h there was a negative
effects in all SBM treatments. Gas measurement provides
a useful data on digestion kinetics of both soluble and in
soluble fractions of feedstuffs. Several gas measuring
techniques and in vitro gas methods are in use in by
several groups. Advantages and disadvantages of these
methods are discussed by Getachew et al . The in vitro[13]

gas method based on syringes  appears to be the most[25,3]

suitable for use in developing countries. Other in vitro
methods such as Tilley and Terry  in sacco method of[38]

Mehrez and Ørskov  are base on gravimetric[23]

measurements which follow disappearance of the
substrate (the components which may or may not
necessarity contribute to fermentation), whereas gas
measurement focuses on the appearances of fermentation
products (soluble but not fermentable products do not
contribute to gas production). The in vitro gas
production is more efficient than the in sacco method in
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Fig. 1: Cumulative  gas  production  of  individual  feedstuffs  at  different  incubation times. SBM = soybean meal;
T1 = SBM treated with 1% tannic acid (TA); T2 = SBM treated with 2%TA; T3 = SBM treated with 3% TA;
Roasting = roasting SBM; FM = fish meal

evaluating the effects of tannins or other ant-nutritive at 133, 143 and 153ºC for 3 h using nylon bag technique.
factors. In the in sacco method these factors are diluted Heating creates crosslinkages between peptide chains
in the rumen after getting released from the nylon bag and and, in the presence of carbohydrate, forms complexes
therefore do not affect rumen fermentation appreciably, between free amino and aldehyde groups through
and this was confirmed in the present study using SBM Maillard reaction. These reactions lower the protein
treated with tannic acid. In addition, the in vitro gas solubility . Heat treatment of SBM is reported to reduce
method can better monittor nutrient-antinutrient and protein degradation in the rumen resulting from a lower
antinutrient-antinutrient interactions . In the present solubility of protein in the rumen  and their results are in[22]

study, heat treatment of SBM significantly (P<0.05) agreement with the present study for decreasing soluble
reduced the degradation constant (the rapidly soluble fraction (Table 2). When dairy cattle were fed diets
fraction) and the gas production   rate.   Similar  results containing the heat-treated SBM, milk production and /or
reported  by  Konishi  et al  they examined SBM roasted feed efficiency were improved . On the other hand,[17]

[5]

[19]

[34,11,26]

Table 2: Cumulative gas produced at different incubation times of feedstuffs and parameters of gas production (mean  ±  SD).
Feedstuffs Cumulative gas (ml) produced at Parameters of gas production

-------------------------------------------------------------------------- ------------------------------------------------------------
12 h 24 h 48 h 72 h a (ml) b (ml) c (ml/h)

SBM 24.39 ± 1.98 33.17 ± 2.18 41.63 ± 3.13 43.41 ± 3.87 3.41 ± 0.12 46.31 ± 1.25 0.067 ± 0.015a    a    a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +1%TA 16.29 ± 0.50 26.23 ± 0.50 37.03 ± 0.17 40.67 ± 0.62 -1.96 ± 0.28 44.79 ± 2.80 0.043 ± 0.005b    a    c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +2%TA 15.51 ± 1.07 25.58 ± 1.85 36.59 ± 0.27 41.22 ± 0.73 -0.90 ± 0.25 44.85 ± 0.64 0.038 ± 0.012c    a    c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +3%TA 14.39 ± 0.72 23.39 ± 1.17 34.17 ± 1.71 37.70 ± 0.65 -0.81 ± 0.15 41.36 ± 0.15 0.038 ± 0.006c   b    c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Roasting 18.92 ± 0.31 28.39 ± 1.71 40.41 ± 0.52 43.77 ± 0.35 -1.99 ± 0.10 47.43 ± 0.42 0.046 ± 0.001b    a    b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FM 5.21 ± 0.33 6.95 ± 0.41 10.42 ± 0.62 10.42 ± 0.62 -0.20 ± 0.15 11.35 ± 0.78 0.045 ± 0.001  d   c    b

SBM = soybean meal; T1 = SBM treated with 1% tannic acid (TA); SBM treated with 2%TA; SBM treated with 3% TA; Roasting = roasting SBM;
FM = fish meal.
Cumulative gas production data were fitted to the model of Ørskov and McDonald (1979), where; a = the gas production from the immediately soluble
fraction, b = the gas production from the insoluble fraction, c the gas production rate constant for the insoluble fraction (b), t = incubation time.

 Means within a column bearing different superscripts differ (P<0.05).a,b,c
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Table 3: Differences (%)* between the gas production observed and that predicted of protein sources.
Feedstuffs Incubation times at

--------------------------------------------------------------------------------------------------------------------------------------
12 h 24 h 48 h 72 h

SBM 0.21 -1.24 0.53 0.95
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +1%TA 2.97 -1.35 0.41 -0.12
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +2%TA -0.32 -1.16 -0.11 0.22
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +3%TA 0.13 -1.85 1.09 -0.45
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Roasting 4.88 -4.09 0.65 0.18
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FM 13.51 -5.57 5.47 -2.89
* Differences (%) = (Observed gas production –Predicted gas production) / Predicted gas production x100
SBM = soybean meal; SBM treated with 1% tannic acid (TA); SBM treated with 2%TA; SBM treated with 3% TA;
Roasting = roasting SBM; FM = fish meal. 

Table 4: Effect of soybean meal treatment on ammonia-N concentrations (mM) in rumen liquor of sheep fed berseem hay and concentrate mixture in vitro
(mean  ±  SD).

Feedstuffs Incubation times at
-----------------------------------------------------------------------------------------------------------------------------------------------------
0 h 1 h 3 h 6 h Mean

SBM 4.26 ± 0.59 9.25 ± 0.31 15.26 ± 0.13 11.91 ± 0.26 10.17a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +1%TA 3.02 ± 0.06 8.76 ± 0.06 13.21 ± 0.15 10.91 ± 0.09   8.99c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +2%TA 3.09 ± 0.06 8.68 ± 0.07 12.95 ± 0.15 10.85 ± 0.06   8.89c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +3%TA 3.01 ± 0.05 7.21 ± 0.03 11.90 ± 0.26   8.97 ± 0.13   7.69d

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Roasting 3.46 ± 0.48 8.15 ± 0.56 13.68 ± 0.32 11.32 ± 0.21   9.15b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FM 3.01 ± 0.08 4.97 ± 0.52   6.02 ± 0.11   5.44 ± 0.06   4.86e

SBM = soybean meal; SBM treated with 1% tannic acid (TA); SBM treated with 2%TA; SBM treated with 3% TA;
Roasting = roasting SBM; FM = fish meal.

 Means within a column bearing different superscripts differ (P<0.05).a,b,c,d.e

when SBM was treated with TA, the estimated parameters In  vitro  rumen  fermentation: The concentrations of
of SBM degradability using gas production technique
was significantly (P< 0.05) decreased compared with
untreated SBM. Tannins as chemical additives for
decreasing ruminal degradation of feed proteins were
used to protect rapidly protein sources such as SBM. 

When tannin-containing plants are eating, most
binding appears to take place during chewing, but
additional binding can occur in the rumen, including
binding of proteins from other dietary components . The[41]

main requirements for the successful use of tannins are
that (1) the tannin-protein complexes should be stable in
the rumen, but not interfere with the digestion of the
protein in the lower gut; (2) metabolism of rumen
microorganisms should not be adversely affected; and (3)
the tannins should be harmless to animals . There is[32]

concern that if tannin concentration in the diet becomes
too high, microbial enzyme activities including cellulase[21]

and intestinal digestion  may be depressed. The present[15]

study suggested to use the level of 3% TA, due to the
decreasing of gas production from soluble, insoluble
fractions and the gas production rate constant for the
insoluble fraction (c) of SBM.

NH -N were significantly (P<0.05) decreased when SBM3

treated by heating or TA (Table 4). The mean values of
NH -N concentrations of sampling times were 10.17, 8.99,3

8.89, 7.69 and 9.15 mM for SBM, SBM treated with 1% TA,
SBM treated with 2% TA, SBM treated with 3% TA and
roasting SBM, respectively. In agreement, other research
has shown that ruminants fed diets containing soybean
or   cottonseed   meal   (au-  toclaved  at 121°C for 45 and
90 min; Sherrod and Tillman , extruded whole soybeans[35]

(155°C; Block et al  or roasted soybean meal (115, 130, or[2]

145ºC; Plegge et al ) had a lower ruminal NH N[31]
3 

concentration than ruminants fed a non-heated control.
Contradictory, with our results, Stern et al  and Tice et[36]

al  fed cows diets containing heat-treated soybeans[37]

(whole soybeans extruded at 132 and 149ºC, or roasted to
143°C and steeped for 30 min, respectively) with no
decline in ruminal NH  N compared to cows fed whole raw3

soybeans. The lack of consensus among experiments may
be due to differences in the level of heat treatment applied
to the oilseeds and meal or to the quantity of soluble N
provided  by  the  non-oilseed  portion of the diet. Leroy
et al  reported that addition of aqueous solutions of [18]
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Table 5: Effect of soybean meal treatment on volatile fatty acids concentrations (mM) in rumen liquor of sheep fed berseem hay and concentrate mixture in
vitro (mean  ±  SD).

Feedstuffs Incubation times at
------------------------------------------------------------------------------------------------------------------------------------------------------
0 h 1 h 3 h 6 h Mean

SBM 58.96 ± 0.55 95.25 ± 0.55 103.18 ± 0.22 88.18 ± 0.45 86.39a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +1%TA 58.44 ± 0.15 85.25 ± 0.10 100.12 ± 0.45 81.07 ± 0.35 81.22c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +2%TA 58.45 ± 0.11 84.45 ± 0.15 101.15 ± 0.85 81.00 ± 0.21 81.26c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +3%TA 58.96 ± 0.45 80.55 ± 0.15 95.25 ± 0.15 66.33 ± 0.32 75.27d

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Roasting 58.80 ± 0.22 90.25 ± 0.85 102.15 ± 0.55 85.12 ± 0.35 84.08b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FM 58.25 ± 0.14 78.454 ± 0.15 88.25 ± 0.25 58.96 ± 0.11 70.98  e

SBM = soybean meal; SBM treated with 1% tannic acid (TA); SBM treated with 2%TA; SBM treated with 3% TA;
Roasting = roasting SBM; FM = fish meal.

 Means within a column bearing different superscripts differ (P<0.05).a,b,c,d.e

Table 6: Effect of soybean meal treatment on the predicted of metabolizable energy (ME), net energy (NE), organic matter digestibility (OMD) and
microbial protein (MP).

Feedstuffs ME (MJ/Kg) DM NE (MJ/kg DM) OMD % MP g/kg OMD*
SBM 9.63 6.00 64.22 77.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +1%TA 8.54 5.38 58.06 70.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +2%TA 8.44 5.32 57.48 69.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SBM +3%TA 8.10 5.13 55.30 66.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Roasting 8.88 5.57 59.98 72.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FM 8.77 3.96 54.58 65.8
SBM = soybean meal; SBM treated with 1% tannic acid (TA); SBM treated with 2%TA; SBM treated with 3% TA;
Roasting = roasting SBM; FM = fish meal.
* Calculated according to Czerkawski .[8]

hydrolysable tannins (tannic acid) to groundnut and microbial mass production . Their results are in
soybean meals markedly reduced in vitro ammonia agreement with the present study concerning gas
production. Driedger and Hatfield  reported that production and VFA. [10]

pelleting  SBM  with  tannic  acid significantly increased  
N-retention, weight gain, and feed efficiency in growing Energy contents and organic matter digestibility:  The
lambs. The studies of Dinius et al , Van Neval and predicted ME (MJ/kg DM), NE (MJ/kg DM), OMD (%)[9]

Demeyer , Wallace et al , Whetstone et al , Newbold from gas production, and MP(g/kg OMD) are presented[39]    [42]    [44]

et al  have concluded that the lower ammonia in Table 6. The OMD was higher in SBM and roasting[27]

concentrations were mainly due to reduce proteolysis, SBM and lowest in SBM treated with 2 or 3% TA and FM
degradation of peptides and deamination of amino acids (Table 6). The digestibility of measured organic matter is
in the rumen. The lowest value of NH -N concentration closely correlated with that predicted from gas production3

(4.86 mM) obtained by FM may be due to low estimated and the crude protein and ash contents of feeds .
values of gas production from soluble and insoluble Therefore, the method can be used to predict the extent of
fractions. digestion for various feeds. The predicted ME and NE

The concentrations of VFA were significantly which calculated from gas production after 24 h
(P<0.05) decreased when SBM treated by heating or TA incubation were reduced when SBM was treated by
(Table 5). The mean values of VFA concentrations of heating or TA (Table 6). The mean values of ME were
sampling  times  were  86.39, 81.22,81.26, 75.27 and 84.08 ranged from 8.10 to9.63 MJ/kg DM for SBM treated with
mM for SBM, SBM treated with 1% TA, SBM treated with 3% TA and untreated SBM, respectively. The values of
2% TA, SBM treated with 3% TA and roasting SBM, NE on average were 3.96 and 6.00 MJ/kg DM for FM and
respectively. Gas production is an indirect measure of untreated SBM, respectively. Gas-measuring techniques
substrate degradation, and is a good predictor for the have been routine in feed evaluation since the early 1980s,
production of VFA, which is positively related to when a high correlation was found between metabolizable

[20]

[24]
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energy (ME) measured in live animals and that predicted 4. Blümmel, M. and E.R Ørskov, 1993. Comparison of
from gas production. The in vitro gas technique has
several advantages over other in vitro methods that are
based on measuring residues. Gas production reflects all
nutrients fermented, soluble as well as in- soluble; and
fractions that are not fermentable do not contribute to gas
production. The gas method has also been used
successfully to predict the ME content of feeds. A
regression equation has been developed with data
generated by in vivo studies conducted with a variety of
feeds and in vitro gas production. The gas measurement
provides a better estimate of the ME level of feeds, when
combined with some chemical constituents, compared
with calculations based on chemical constituents only.
The present study are in agreement with the results of
Menke and Steingass  they reported a strong correlation[24]

between ME values measured in vivo and predicted from
24 h in vitro gas production and chemical composition of
feeds. The values of MP, which predicted from OMD, are
presented in Table (6) and the values on average were
ranged 6.58 to 7.75 g/kg OMD for SBM and FM,
respectively. These results are in agreement with the
results of Czerkawski  who found that a highly significant[8]

correlation between MP syntheses predicted from OMD
in the rumen that and that predicted from VFA production.

In conclusion, the results suggested that the
treatment (heating or tannic acid) of SBM decreased the
gas production, and decreased the gas production from
soluble, insoluble fractions and gas production rate of
SBM, and hence could reduce ruminal protein
degradability in SBM. Moreover, the treatment of SBM
increased the utilization of energy that predicted from gas
production. The treatment of SBM by level of 3% TA has
a higher significant decreasing the degradability of
protein in  SBM  than  that  of  roasting  SBM, SBM
treated by 1% TA or 2% TA, and this result is
recommended to use the level of 3% TA with SBM as a
rapidly degradable protein source 
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