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SUMMARY

The present study was conducted to evaluate the effect of heat (H), formaldehyde
(F) or polyethylene glycol (P) treatment alone or in combination on protein degradability
of sunflower meal (SFM) in the rumen of sheep. Feeding values, nitrogen utilization,
rumen function and microbial protein synthesis were also investigated. Six adult male
Barki sheep were assigned to be fed on six experimental rations using 6x6 Latin square
designs. Six experimental concentrate feed mixtures (CFM) were formulated, included
untreated or treated SFM. The treatments were heat (SFMH), formaldehyde (SFMF),
polyethylene glycol (SFMP) and their combinations (SFMHF or SFMPF). Animals were
fed with one of the CFM's in addition to ad libitum rice straw (RS). The results showed
that the treatments did not change measured nutrient content and fiber fractions of SFM.
However, all treatments decreased amounts of the phenolics compounds (total phenol
and total tannins). There were no significant differences in the digestibility coefficients
among the rations contained untreated or treated SFM, except for ration contained SFM
treated with polyethylene glycol (P<0.05). Ration contained SFMHF had higher
digestibility coefficients for OM, CP, CF and NFE being 67.17, 63.9], 65.4]1 and
68.46%, respectively. The lowest digestibility values showed with ration contained
SFMP being 62.26, 55.97, 61.77 and 63.03%, respectively. There was no significant
difference among the treatment for EE digestibitity. The highest (P<(0.05) TDN value
was 62.49% for SFMHF diet, while the lowest was 57.75% for SFMP rztion. The same
trend was noticed for DCP values were 7.27% and 5.5% for SFMHF and SFMP rations,
respectively. The highest nitrogen balance (NB) value .>.as 6.94 (g N/day) for SFMHF
ration and the lowest was 4.76 (g N/day) for SFMP ration. Highest NH;-N value was
18.01 (mg/100 mi R.L.) obtained for SFM ration, and the lowest was 14.49 (mg/100 ml
R.L.) for SFMHF ration. There were no significant differences among the diets for
TVFA's concentrations. The effective degradability (ED) of CP, DM and QM was
significantly (P<0.05) decreased when SFM was treated by H and F compared to the
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control diet. The ED values were 45.18, 72.89 and 69.44% for CP, DM and OM,
respectively. There were no significant differences for CP degradability among the
rations. There were significant (P<0.05) increases in the purine derivatives in the urine
followed treatment of SFM and hence resulted in significant increase (P<0.05) in the
calculated flow of microbial nitrogen from the rumen. These results sugpested that when
SFM was treated with heat combined with formaldehyde could be the most effective in
reducing DM , OM and N degradability in the rumen and enhance the amount of bypass

protein content of the ration.

Keywords. heat, formaldehyde, polyethylene glycol, sunflower meal, rumen fermentation,
degradability, purine derivatives, microbial nitrogen synthesis.

INTRODUCTION

In developing countries feed
inadequacy is the major impediment
coming in the way of development of
livestock sector. Ruminants have
protein requirement at two levels,
firstly, to meet the N nceds of rumen
microbes, and secondly, to meet the
amino acids requirement of the host
Tuminants. Rumen degradable protein

(RDP) serve as the N source for

microbes, while the part which escape
from rumen fermentation, i.e. ruminally
undegraded protein (UDP), along with
microbial protein, degraded in the
fourth stomach and small intestine, to
supply amino acids to the host
ruminants, Moreover, rumen microbial
protein  synthesis cannot supply
sufficient quantities of amino acids to
meet the requirement of high producing
cattle. It is generally presumed that
feeding bypass protein is mostly
beneficial to high yielding animals, in
which synthesized microbial protein in
the rumen may not be sufficient to meet
the amino acids requirement at tissue
level (Walli 2005). Use of
undegradable protein  sources in
ruminant dicts has become a commen
practice in diet formulation.

Sunflower meal (SFM} is the fourth
largest protein source for animal rations
following by soybean meal, cotton seed
mea] and canolza meal (Hesely, 1994).
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Improvement of ruminant protein is a
matter of practical concern that the
amounts of protein and amino acids
delivered to the intestine commonly
limit productivity of these animals is
shown by their responses to post
ruminal supplementation (Broderick et
al., 1991 and Ipharraguerre et al., 2005).
Various techniques have been reported
to protect dietary protein from excessive
microbial degradation, i.e. physical,
chemical or their combination.
Degradability of dietary protein in the
rumen depends on the dietary protein
source and their processing treatments.
There is need various treatment to
evaluate the efficiency of protein
protection. Therefore, the objectives of
this study were to evaluate the heating
and/or formaldehyde and/or
polyethylene glycol treatments of SFM
on protein digestion, mitrogen balance,
ruminal fermentation and microbial
protein synthesis.

MATERIALS AND METHODS

The present study was carried out at
Nubaria Research Station of Animal
Production Research Institute, Egypt.

Protein source treatments

Sunflower meal (SFM) was sprayed
with commercial formaldehyde solution
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(40%) at the rate of 1 g HCHO/ 100 g
crude protein of tested materials as
suggested by Ferguson et al (1967).
SFM was heated at 130 °C for 30 min
according to Walli and Sirohi (2004),
and was left to cool at roomn temperature
for three days before being mixed with
other ingredients in order to formmiate
concentrate feed mixture (CFM).
Polyethylene glycol {PDG) was used as
a suppiement of 10 % total phenolics of
sunflower meal (Howard et al., 2002).

Animals and rations

Six experimental concentrate feed
mixtures {CFM) including untreated or
treated SFM were formuilated. The six
experimental CFM’s included: untreated
sunflower meal (SFM); sunflower meal
treated with heating (SFMH); SFM
treated with formaldehyde (SFMF};
SFM meal treated with combination of
heat and formaldehyde (SFMHF), SFM
treated  with  polyethylene  glycol
(SFMP} and SFM treated with
combination of polyethylene glycol and
formaldehyde (SFMPF). Six adult male
Barki sheep {(weighed 50 = 2.00 kg)
were used in a 6x6 Latin square design
for digestibility trials. Animals were
housed in six metabolic cages and fed
one of the CFM individually at 2% of
body weight plus ad libitum rice straw
(R8) according to the NRC (1990) twice
daily (8 am and 4 pm). -

Digestibility and nitrogen balance
trials :

Sheep were fed with the
experimental diets for a preliminary
peried of 21 days, followed by 7 days
for collection feces and urine. Sub
samples (10%) of feces and urine were
taken once daily and kept at -18 °C until
analyses. Fecal samples were dried at 60
°C for 32 hrs. Feed and fecal samples
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were ground through | mm screen on a
Willy mill grinder and were analyzed
for crude protein {CP), crude fiber (CF),
ether extract (EE) and crude ash
according to AOCAC (1995). Total N
were also determined in urine samples.
Values of the total digestible nutrients
(TDN) were calculated according to the
classical formula of Maynard er al.
{1978) on a dry matter basis. Cell wall
constituents (neutral detergent fiber,
NDF, acid detergent fiber, ADF and
acid detergent lignin, ADL) were
determined according to Van Soest ef
al. (1991). Hemicellulose and celiulose
were caleulated by the difference
between NDF and ADF for
hemicellulose and ADF and ADL for
cellulose.

Ruminal fermentation

Rumen liquid samples were taken
at 0, 3 and 6 hrs after feeding the
experimental rations from three rumen-
fistulated adult female Osimi sheep
(weighed 47.00 + 2.0 kg) for each
treatment in corder to determine pH,
ampornia nifrogett (NH;-N)
concentrations and total volatile fatty
acid (VFA) concentrations. Orion 680
digital pH meter was used for pH
determination. Rumen samples were
strained through four layers of chesses
cloth for each sammpling time, for
determination of NH,-N  using
magnesium oxide {(MgQ) as described
by AOQAC (1995), and VFA
concentration was determined using
stearn distillation methods (Warner,
19564).

Rumen degradability measurement
Two bags (6 cm X 12 em and 53
um pore size) containing 5 g of ground

samples of each diet were used at each
incubation time. The incubation times
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were 3, 6, 12, 24, 48 and 72 h. After
removal from the rumen, the bags were
rinsed and manipulated in cold water
until the water ran clear, then squeczed
prior to storing at -20°C. Later, bags
were thawed and washed again in
running tap water as described by
Kamel er al. (1995) to eliminate the
microorganism attached to residual
sample. Two bags were washed in
tunning water for 15 minutes to
determine the initial water losses. Bags
were dried in oven at 60 °C for 48 hrs,
and DM, OM and CP'disappearance
were recorded for each time. The
kinetics of DM, OM and CP
degradation were estimated by the
model of Grskov and McDonald (1979)
as described by El-Waziry ef al. (2000).
The effective degradability (ED) for the
tested diets was estimated from the
equation of Orskov and McDonald
{1979) as follows: ED=a+bc/(c +k)
where, the a, b and ¢ are constants in the
equation, and are defined as the rapidly
degraded fraction, slowly degraded
fraction and the rate of degradation,
respectively. While k is the out flow
rate assumed to be 0.05 / h under the
feeding condition in the current study
according to Kirkpatrick and Kennelly
(1987).

Measurement of the excretion of
purine derivatives

Twenty-four hours collection of
urine was made for one week of each
collection period. Urine was collected
from the three animals housed in the
metabolic cages into containers which
had 75 ml H,504 (1 mol/l), to keep pH
of the final urine < 3. The collected
‘urine was then diluted to a fixed
volume of 5 L with water. One sub
sample was stored at -20 °C for
determining of purine derivative (PD)
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according to the procedure of Chen er
al. (1950).

Statistical analysis

The data were carried out according
to Steel and Torrie (1964). Significance
of the difference in values was
calculated by using Duncan’s Multiple
Range Test (Duncan, 1955).

RESULTS AND DISCUSSION

Chemical analysis and digestibility
trails

Measured nutrient content, fiber
fractions and phenolics compounds of
the experimental diets (concentrate feed
mixture contained untreated and treated
sunflower meal) and rice straw are
shown in Table (1). Nutrient content
and fiber fractions of SFM did not affect
significantly by the tireatments,
However, all treatments decreased total
phenolics of SFM by about 17.8, 16.9,
278, 486 and 62.6 (%) and total
tannins by about 76.3, 49.5, 82.4, 86.3

and 90.1 (%) for SFMH, SFMF,
SFMHF,  SFMP and SFMPFE,
respectively.

Table (2) shows the digestibility of
nutrients of the experimental diets. The
digestibility coefficient of DM was
ranged from 56.68 to 61.61%, and there
were no significant differences between
the diets contained untreated or treated
SFM, except for diets contained SFM
treated with polyethylene glycol
(P<0.05). There were significant
(P<0.05) differences for the digestibility
coefficients of OM, CP, CF and NFE,
but not for EE. However, digestibility of
nutrients was . increased by all
treatments, except PEG. The results
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Table (1). Nutrients content, fiber fractions and phenolic compounds of the
experimental CFM and rice straw (DM basis)

tems SFM HSFM  SFMF SFMHF SFMP  SFMPF RS
Jry matter 80.75 90.43 89.32 90.03 88.30 87.12 90.45
Jrganic matter 91.57 9142 5126 91.19 91.65 9155  87.44
“rude protein 13.68 13.56 13.62 13.51 13.65 13.67 385
“rude fiber 5.80 5.38 5.41 5.35 5.78 5.88 37.59
ither extract 2.37 221 227 215 234 2.39 0.89
Jitrogen free extract 69.72 70.27  69.96 70.18 69.88 69.61 45.11
\sh 8.43 8.58 8.74 8.81 8.35 8.45 12.56
“iber fractions

NDF 2268 2242 2264 2225 22.65 22.63 79.45
ADF 17.49 17.21 17.32 17.19 17.50 17.44 5538
\DL 6.38 6.27 6.36 6.24 6.35 631 26.71
demicellulose 5.19 5.21 532 5.06 5.15 5.19 24.07
cellulose 11.11 10.94 10.96 10.95 11.15 11.13 28.67
*henolic compounds

Total phenol 6.01 494 4.99 4.35 3.09 225 -
l'otal tannins 131 0.31 0.66 0.23 0.18 0.13 -

FM, concentrate feed mixture, contained untreated sunflower meal, SFM; HSFM, SFM treated
7 heat; SFMF, SFM treated by formaldehyde; SFMHF, SFM meal treated by combination of
:at and formaldehyde, SFMP, SFM treated by polyethylene glycol; SFMPF, SFM treated by
imbination of polyethylene glycol and formaldehyde; RS, rice straw; NDF, neutral detergent
ber; ADF, acid detergent fiber; ADL, acid detergent lignin.
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Table (2). Digestibility coefficients (%), nutritive values (%) and nitrogen utilization

of the experimenta) diets and rice straw fed to sheep (Mean + SE)

Item SFM HSFM SFMF SFMHF SFMP SFMPF
Digestibility coefficients (%)

DM 60.310.6"  61.310.1® 61.640.5* 61.2+.04%  56.7+0.8°  59.910.5°
oM 649+0.1%  66.240.1" 669102 67.240.5° 62.310.7°  64.610.39"
Cp 60.110.1°  61.740.6% 622+04° 639+05° 56.010.4°  61.9+0.02°
CF 63.610.9° 65.0402™ 64.74+0.1% 654403° 61.840.3°  64.0+0.3%
EE 75.841.6  74.15+020 73.90+1.24 74251028 75.35+0.61 7497+0.36
NFE 65.740.2°  67.310.3% 68.4102°  68.5+1.0°  63.0£1.2°  64.9+0.7%
Nufritive value (%)

TDN 60.3+0.1¢  61.110.0™ 61.610.1® 62.5+0.2° 57.8+0.6°  59.9+0.3°
DCP 6.3102™  6.8+02% 6.6102* 73100 5.5+0.1¢ 6.1£0.0°

Nitrogen utilization

NI g/day  21.530.1° 22.140.1% 223+0.1° 21.6+02™ 21.740.2* 21.240.2°
ND,g/day 13.140.1° 13.5£0.4° 14.2103*  13.8+03® 12.140.1° 13.110.1b
NB,g/day 544039 6940.1% 62103 69+0.1* 4.8+0.5¢ 6.040.2%

NBNL % 24.9+1.5% 30.5£2.3° 27.341.6° 30.5£1.2°  21.9424%  28.210.5"
NB/ND % 40.8+2.1% 49.443.6° 439+23® 47.9+1.5°  30.1+4.0° 45.6+0.8°

% Means within the same rows with different superscript are significantly differ (P<0.05).
CFM, concentrate feed mixture, contained untreated sunflower meal, SFM; HSFM, SFM
treated by heat; SFMF, SFM treated by formaldehyde; SFMHF, SFM meal treated by
heat and formaldehyde, SFMP, SFM treated with polyethylene glycol; SFMPF, SFM
treated by polyethylene glycol and formaldehyde. NI= nitrogen intake, ND= digestible
nitrogen and NB= nitrogen balance
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indicated that presence of tannins and
chloropenic, caffeic and quinic acids in
SFM could be protected SFM from
degradation in the rumen of sheep
{Pomenta and Bumns, 197]). These acids
are known to react with proteins in a
manner similar to that of tannios;
chlorogenic acid has also been shown ta
decrease trypsin digestion of SFM
protein (Milic ef al., 1968). In addition,
the treatments of SFM by heating,
formaldehyde, and their combination
also protected SFM  from the
depradation in the rumen and hence
increased the digestion coefficients of
the diets. Molina Alcaide er al. (2003)
reported that for supplementing SFM by
products with SFM may be limited by
the presence of relatively high amount
of total pbenol and tannins. However,
the present study is in agreement with
their finding as SFM had high amount
of total phenol and tannins, although the
present results indicated that the
presence of tannins could be protected
SFM fiom the degradation in the rumen
and hence improve the digestibility of
nutrients. The lowest values of
digestibility  coefficients of diet
contained SFMP could be explained on
the basis that PEG, a non-nuirtive
synthetic polymer, has a high affinity to
tannins and makes tannins inert by
forming tannin-PEG complexes
(Makkar er al, 1995). PEG also
liberates protein from the tannin-protein
complexes {Barry and Manley, 1986).

Similar trend was found in the case
of total digestible nutrients (TDN) and
digestible crude protein (DCP) (Table
2). The values for diet contained
SFMHF were 57.75 to 62.49 for TDN
and 5.5 to 7.27 % for DCP, respectively.
The increase of TDN and DCP with the
treatment of heating, formaldehyde and
its combination may be due to the
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protection of SFM protein from the
degradation in the rumen. The decreases
of TDN and DCP with the treatment of
PEG are due to the protein liberating
effect of PEG from the tannin-protein
complexes {(Barry and Manley, 1986).
Abdel-Rahman et al. (2005} reported
that TDN was significantly increased in
rations contained SFM by heat
treatment of SFM, and the present study
are in agreement with their findings.
The increases of DCP in present study
are different that of the finding of
Abdel-Rahman er af. (2005) in respect
of the heat treatment of SFM.

All diets showed positive NB
values, the highest value of NB was
found for diet contained SFM treated by
heat and formaldehyde, and the lowest
was i SFM meal treated by
polyethylene glycol. The natural
tannins, chiorogenic, caffeic and quinic
acids in SFM could be protected its
protein content from the degradation in
the rumen of sheep (Pomenta and
Burns, 1971), and hence improved the
retention of nitrogen. In addition, the
treatments of SFM by  heat,
formaldehyde, and its combination
increased the protection of protein and
hence retained more nitrogen. The
decrease of NB with ration contained
SFM treated by PEG could due to the
mode of action of PEG to liberate SFM
protein from tannin complex. Results of
present study in respect of NB is the
same as was found by Abdel-Rahman er
al. {2005), while Amos er al (1974)
reported that SFM supplemented with
forms“i¢chyde did not affect nitrogen
retention.

Dry matter intake (DMI) of CFM
significantly increased as the effect of
between the rations contained untreated
and treated SFM and rice straw (RS) as
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are shown in Table (3). The reason for
increasing RS intake with treated SFM
nCFM is notclear.

Ruminal fermentation

There were no  significant
differences among all rations for all
sampling times (0, 1, 3 and 6 h after
feeding) in the values of pH, NH;-N and
VFA concentrations as are presented in
Table (4).

Although there were no sigunificant
differences among the rations for NH;-
N concentration, the mean values was
significantly higher for ration contained
SFM, and that treated. with PEG,
followed by SFM treated with the
combination of PEG and F. The lowest
NH;-N concentration was noticed for
ration contained SFM treated by H, F
and their combination, without
significant differences among them. The
treatment of SFM with PEG liberate the
protein  from the tannin-protein
complexes (Barry and Manley, 1986),
therefore, more degraded protein in the
rumen by microorganisms could hence
an increase of NH;-N concentration.
The low NH;-N concentrations as effect
of heat treatment possibly caused by the
cross linkages between peptide chains
and in presence of carbohydrates
complexes were formed between free
amino and aldehyde groups through
Maillard reaction. These reactions lower
the protein solubility (Broderick, 1975).
Formaldehyde also decreased the
proteolysis by rumen bacterial enzymes
and hence decreased NH;-N in the
rumen. Results of present study are in
agreement with the results of Abdel-
Rahman et al. (2005) and also with the
studies of Dinmus et al (1976); Van
Nevel and Demeyer, (1979); Wallace ef
al. (1981); Whetstone er al (1981);
Newbold er al. (1990) which showed
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that the lower ammonia concentrations
were mainly due to reduce proteolysis,
degradation  of  peptides  and
deaminafion of amino acids in the
rumen.

There were no  significant
differences among the diets in VFA
concentrations (Table 4). Similar results
were reported by Abdel-Rahman ef al
(2005) and Borhami er al. (1995).
Contradictory, Demjanec er al. (1995)
reported that the effect of heat treatment
on total VFA concentrations in all
ruminal samples showed significant
decrease, which reflect reduction n the
quantity of fermentable substrate
available in the supplemented protein
roasted at high temperature.

Rumen degradability measurement

Table (5) shows the degradability
kinetics of CP, DM and OM in the
rumen of sheep fed the experimental
diets. The soluble fractions (@) of CP
were significantly (P<0.05) reduced
when SFM was treated by the
combination of heat and formaldehyde.
There were no significant differences
among diets contained untreated SFM
and that treated by PEG. There were
significantly (P<0.05) lower (a) values
for DM when SFM was treated by
formaldehyde or in combination of heat
and formaldehyde. There  were
significantly (P<0.05) reduced (a) value
for OM when SFM was treated by heat,
formaldehyde or the combination of
heat and formaldehyde compared to
diets contained untreated SFM, or
treated by PEG-or the combination of
PEG and formaldehyde (Table 5). The
ruminally degradable fraction (b) of CP
was significantly (P<0.05) decreased
when SFM was treated by combination
of heat and formaldehyde compared to
the control diet, but no significant
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Table (3). Dry matter infake (DMI, g/head/day) of sheep fed the experimental diets

(mean+SE)
Item CFM- CFM- CFM- CFM- CFM- CFM-
SFM HSFM SFMF SFMHF SFMP SFMPF
CFM 978.57 958.86 960.33 947.67 951.67 940.95
+4.12 b 6,44 +2.19 +8.37 . £748 +8.93
Rice straw  479.05 534.76 639.99 574.28 596.57 582.86

+31,19° 17.48% +14.59" +32.86%  +1245% 118437
Total DMI  1274.65  1350.79+2 1436.65 1372.62 1379.92 1346.95
1+3.46° 5.25° +13.87° +28.45° +13.92%  +2152°

= Means within the same rows with different superscript are significantly differ (P<0.05).
CFM, concentrate feed mixture, contained untreated sunflower meal, SFM; HSFM, SFM
treated by heat; SFMF, SFM treated by formaldekyde; SFMHF, SFM meal treated by heat
and formaldehyde, SFMP, SFM treated with polyethylene glycol; SFMPF, SFM treated by
polyethylene glycol and formaldehyde.
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Table (4). Rumen pH, ammonia nitrogen (NH;-N) concentration and total volatile fatt
acids (VFA) concentration in rumen liguor of the experimental diets and ric
straw fed to sheep (Mean £ SE)

Times SFM HSFM SFMF SFMHF  SFMP SFMPF
pH

0 6.74+0.57 6.75+0.55 6.78+0.12  6.76x0.13  6.76:0.05  6.7310.12

1 6371038 6374026 6.38+0.25 6.36+042 6383071  6.3440.15

3 6.1610.31  6.1740.62 6.1940.06 6.1720.56 6.15+0.14  6.1310.32

6 6.4810.61  6.4710.54 6.50£0.22 6.48+0.03 64940.12 6.4110.16

Mean 6441021 6.4410.13 64610.12 6.4410.13  645+0.14  6.4030.11
NH;-N (mg/100 mi)

16.9310.84 14.18£0.34 14.09£045 13.65+042 16.3310.56 15.2110.52
17.7540.36  14.68+0.17 1436£1.19 14.16£0.19 16.88+0.17 16.2710.42
20.12£1.63 17384051 17.19£0.76 1628+0.52 18923062 18.3410.33
17.2330.77 14471044 14181067 13.8610.74 16.56+0.82 15.96+0.17
Mean 18.01+0.72* 15.18£0.53° 14.96+0.75° 14.49+0.61° 17.1740.58*® 16.4520.67"
Total VFA (mmol/100 ml)

9.56£0.56  9.2740.17 9124034 9.0610.11 9443041  9.3140.32
10.4840.72 10.06£0.51 9.92+0.73  9.63+0.61  10.3640.71 10.18+0.18
12.6610.53 11.26+0.32 10.89+093 10.76+0.54 12.0110.42 11.310.51
9.87+0.86 9.4410.29 9.38+0.09 9.11(0.73  9.6710.66  9.5110.56
Mean  10.64+0.70  10.0110.45 9.83+039  9.64+041  10.374£0.58 10.08+0.45
Means within the same rows with different superscript are significantly differ (P<0.05).

CFM, concentrate feed mixture, contained untreated sunflower meal, SFM; HSFM, SFM
treated by heat; SFMF, SFM treated by formaldehyde; SFMHF, SFM meal treated by heat
and formaldehyde, SFMP, SFM treated with polyethylene glycol; SFMPF, SFM treated by
polyethylene glycol and formaldehyde.

S =D
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Table (5). Degradability kinetics of crude protein (%), dry matter (%) and organic
matter (%) in the rumen of sheep fed the experimental diets and rice straw

(mean+SE)

Ttem SFM HSFM SFMF SFMHF SFMP SFMPF
Crude protein

a' 125241739 10.65:1.11°% 9.33+1.04° 6.69+1.51° 12.35£0.6%" 11.29+03°

b!  50.54£098° 40.14+0.95° 402307 3844+12° 51.08£0.6* 50.24+1.42°

¢! 005:0.00°  0.07:001° 0.07:0.01° 0.09:001" 005:0.00° 0.05:0.00°

U 36942096° 4921+0.80° 50.44+0.56" 54.87+0.63° 36.57+1.23° 38.47+1.13°

ED' 63.10+098° 50.84+0.80° 49.61+0.56° 45.18£0.63° 63.47+1.08" 61.58+0.98°
Dry matter _

a' 56042085 50.0242.95° 44.42+145° 44.00£1.25° 57.28+0.62' 55.67+1.03°

b 32.61:0.26° 28.11x152° 28.06+0.66° 28.84+0.63° 32.13+1.44° 29.47+0.89"

¢! 0.04+0.00°  0.05:0.01%  0.06x0.01° 0.05:0.01™ 0.04:0.00°  0.05£0.00°

u 11.35+090° 21.87+1.98° 27.52+1.14° 27.16:1.23*. 10.59£121° 14.86£0.39°

ED' 88.70:090° 78.18+198° 72.53:1.14° 72.89£122% 89.46+1.21" 85.19+0.39"
Organic matter

a'  37.52£0.88" 33.97:0.64° 34.90:0.74" 34.59:141° 38.03+1.06* 38.20+1.14°

b 3744+1.12% 39.114037 37.48+0.58" 34.80£1.27° 39.33+049° 36.28+0.88"

¢ 0.08+0.00  0.08+0.01  0.07:0.00  0.07:0.01  0.08+0.01  0.07+0.01

u 25.0430.26°  26.92+0.59™ 27.62+0.61° 30.61+0.55" 22.6410.54° 25.52+0.56"

ED' 75.00£026° 73.13+0.59° 72.43+0.61° 69.44+0.55° 77.41+0.54* 74.53+0.56%

! Estimated from the equation of @rskov and McDonaid (1979)., where, ED= effective
degradability, a,b and c are constants and are defined as the rapidly degraded fraction,
slowly degradaed fraction and the rate of degradation, respectively. u, Undegradable
fractions {u = 100- (a+b)}.

el Means within rows with different superscript are significantly differ (P < 0.05).

CFM, concentrate feed mixture, contained untreated sunflower meal, SFM; HSFM, SFM
treated by heat; SEMF, SFM treated by formaldehyde; SFMHF, SFM meal treated by heat
and formaldehyde, SFMP, SFM treated with polyethylene glycol; SFMPF, SFM treated
by polyethylene glycol and formaldehyde.
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differences were found among diets
contained untreated SFM, SFMP or
SFMPF. The lowest value of (b) was
34.8% for SFMHF of OM, and there
were no significant differences among
diets contained untreated SFM, SFMF
or SFMPF. Degradation rate (¢) of DM
significantly (P<0.05) decreased in CP
when untreated SFM, SFMP or SFMPF
was added to the diets and there were
no significant differences among the
diets contained HSFM, SFMF or
SFMHF. There were no significantly
differences of (¢) values among all
rations for OM degradability. The
highest value of undegradable fractions
() of CP was 54.87% for the diet
contained SFMHF, and there were no
significant differences among diets
contained SFM, SFMP or SFMPF.
Also, there was no significantly
difference between the diets contained
HSFM and SFMF. The lowest value of
{t) was 36.57% for diet contained
SFMP. The same trend of for CP was
detected with the (1) values for DM and
OM. The effective degradability (ED)
of CP, DM and OM was significantly
(P<0.05) decreased when SFM was
treated by the combination of heat and
formaldehyde than the control. There
were no  significant  (P<0.05)
differences for CP among the diets
contained SFM, SFMP and SFMPF.
Degradation of dietary protein in the
Tumen depends on the dietary protein
source and their treatments. The present
study showed that there were
significant decrease in the degradability
of CP, DM and OM when SFM was
treated by the combination of heat and
formaldehyde, but not significantly
when SFM was untreated, treated by
PEG or in combination by PEG and
formaldehyde. Boer et al (1987);
Sharma et al (2001) found that
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formaldehyde or heat treatments
reduced nitrogen and DM
disappearance, but heat treatment was
less effective than formaldehyde. The
present study were in agreement with
the reports of Boer et al. (1987) and
Sharma et al. (2001) in the case of SFM
treated by formaldehyde or heat or their
combination. It may concluded that
formaldehyde plus heat treatment was.
the most effective for reducing DM,
OM and N degradability in the rumen.

Measurement of the excretion of
purine derivatives

The urinary purine derivatives,
such as allantion and wric acid are
shown in Table (6). There were
significant (P<0.05} increases in the
amount of purine derivatives in the
urine when SFM was treated with F and
HF as compared to untreated control so
in hence there was a significant increase
{(P<0.05) in the calculated microbial
nitrogen flow from the rumen. There
were several methods can be applied in
order to protect dietary protein from
degradation in the rumen {Walli, 2005).
In addition the more UDP supply as
effect of treatments increases the
amount of protein and essential amino
acids reaching the small intestine than
absorbed and improves the efficiency of
protein utilization (Chalterjee and Wali,
2003). Generally, protein, in the form of
amino acids available for absorption
from the small intestine of ruminants
originates from microbial protein
synthesized in the sumen, rumen
undegradable protein {UDP) of feeds
and endogencus protein secreted into
the digestive tract. Although the small
intestinal  digestibility (SID) of
microbial protein is relatively constant,
at 80-85%, the digestibility of UDP can
vary considerably depending on the type
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Table (6). Total purine derivatives excretion and microbial nitrogen (MN) leaving the
rumen of sheep fed the experimental diets and rice straw (mean+SE)

Item SFM HSFM SFMF SFMHF SFMP SFMPF

Allantoin, mmol/d  15.9203%  16.8304™ 17.0404° 17.4#0.3°  16.6x0.3® 168057
Uric acid, mmol/d ~ 2.8+0.02% 29620.0% 3.1x0.03* 3.07:0.0° 29+001% 29620.02°
Total mmol/d 18.7¢0.3°  19.8+0.3%% 20.1:0.2® 20.5£0.3* 19.50.1°  19.7+0.2°
MN g/d 145+0.1°  1540.1% 156+0.1"  16.0:0.1° 15.140.1%  1530.1%

*> Means within rows with different superscript are significantly differ (P < 0.05).

CFM, concentrate feed mixture, contained untreated sunflower meal, SFM; HSFM, SFM
treated by heat; SFMF, SFM treated by formaldehyde; SFMHF, SFM meal treated by
heat and formaldehyde, SFMP, SFM treated with polyethylene glycol; SFMPF, SFM
treated by polyethylene glycol and formaldehyde.
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of feedstuff and also the treatments
during processing (Hvelplund and
Madsen, 1990).

CONCLUSION

The results of present study
concluded that the protein content of
the untreated SFM is naturally
protected by tannins from the
degradation of microorganisms in the
rumen.  However, there were no
significantly differences among
untreated SFM and treated SFM
especially by PEG or PEG plus
formaldehyde. In the meantime it may
suggested  that treatment  with
formaldehyde plus heat could be the
most effective method in order to
reduce DM , OM and N degradability
in the rumen, and hence increase MN
synthesis. However, this study
illustrated that PEG is ineffective to
reduce the protein degradation from
SFM in the rumen.
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