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Abstract. The cffect of temperature. addition of soybean meal (SBM) and treatment period on urca
treated wheat straw (60 g urea ke ! straw) was studied ina 3> 2 x 5 factorial experiment (n = 120). Inde-
pendent variables comprized temperatures of 25, 35 or 45°C; with or without SBM addition (70 g kg™’
straw) and treatment periods of 1,2.4.6 or 8 weeks. The dependent variables measured were: unhyd-
rolysed urea. N-fractions. pH. cell wall constituents and it vitro organic matter digestibility (IVOMD).

Unhydrolyzed urea decreased significantly (P <2 (.001) with SBM addition, increase in the duration
of the treatment peried and when samples were kept at 25 and 35°C compared to samples kept at 45°C.
However. without the addition of SBM. low urea was converted to ammania only at 45°C. Urea treatment
caused mujor changes in the chemical composition of cell walls: neutral detergent fiber and hemicellulose
content decreased significantly (P << {.01). while acid detergent fiber and cellulose increased significantly
(P < 0.01), with increased temperature and treatment period. The IVOMID was improved significantly (P
< (.01) by all of the independent variables investigated. Mean TVOMD value of treated straw with SMB
fur 2 weeks was comparable to that of treated straw without SMB for 8 weeks (70.6 vs. 70.2% . respec-
tively). Overall [IVOMD mean values for treated samples with or without SMB addition were 72.8 vs.
66.0% . respectively: these values were higher thun untreated (original} samples {58.8%) by 14 and 7.2%
digestibility units, respectively, [tis concluded that treatment with urca is un efficient means for improving
the nutritive value of wheat straw especially at high temperature and with the addition of SMB s a source
of urcase.

Introduction

The use of straw as an animal feed is limited by its low digestibility and inadequate
N content. Cercal straws contain more than 80% carbohydrate. mainly cell wall
polysaccharide. Much of this carbohydrate is not utilized by microorganisms in the
rumen [1] due. itis belicved, to covalent bonding between the polysaccharide and lig-
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nin |2, p.349]. In the Kingdom of Saudi Arabia wheat straw is onc of the most widcly
available by-products, with an estimated annual production of 6 million tons [3], and
is fed heavily to sheep.

Various treatments have been developed for improving the nutritive valuc of
lignified plant material [4]. One of these methods is ammoniation through urca treat-
ment. which has been shown to increase digestibility by up to 20% units [5-8]. The
mode of action of alkali treatment entails the cleavage of linkages between lignin and
polysaccharide. saponification of acetic acid and phenolic acids, protein and silica
[9]. Ammoniation through urea depends on urcase activity in plant residues to
release ammonia from urea in an aqueous medium [7.10]. Jayasuriya and Pearce [11]
found that the addition of urcase enzyme or any of its sources could reduce the treat-
ment time required to achieve a given level of digestibility. Cloete and Kritzinger [12]
reported that urease activity tended to decline at temperature of 35°C. However,
high moisture Tevel (< 50%) and temperature (60°C) are required for optimum
urease activity [13]. Waagepetersen and Vestergaard Thomsen |14] found that tem-
perature up to 45°C had a positive effect with short temperature time (3-7 d) on
ammonia treated barley straw. The following study was conducted to evalute the
effects of § treatment periods at 3 temperatures. with or without the addition of soy-
bean meal (SBM), on the chemical composition and in vitro organic matter digesti-
bility (IVOMD) of urea treated wheat straw.

Materials and Methods

One hundred and twenty wheat straw (950 g DM kg~ ! straw) samples were
trecated in small batches of 1 kg (1-3 cm long) and each was spread on a metal tray and
sprayed with 1L of 6% fced grade urea solution. Each batch was turned while being
sprayed and mixed, with or without the addition of SBM (70 g kg™ ' straw) as a source
of urease. The wet straw was sealed air tightly in double layered polyethylene bags.
The straw was allowed to react for periods of 1.2.4.6 or § weeks at temperatures of
25,35 or 45°C. Incubators were used to maintain temperatures of 35 and 45°C, while
treatment at 25°C was attained by incubating the samples at constant room tempera-
turc. Each combination of temperature, SBM addition and trcatment period was
performed in four replications, givinga 3 X 2 x 5 factorial design.

At the end of the periods, the bags were opened and fresh samples were taken
to mcasure pH clectrometrically. The remainder materials were exposed to ambient
temperature of 25°C tor 24 h before being analyzed for total N (TN), free ammonia
N {NH, N) and unhydrolyzed urea [15]. Samples of all treatments were dried at 60°C
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for 24 h, ground to pass through 1 mm screen and analyzed for ash [15], neutral
(NDF) and acid (ADF) detergent fiber, cellulose (CEL), hemicellulose (HC), lignin
(LIG) and acid insoluble ash (AIA} using the procedure of Goering and Van Soest
[16]. Samples were also analyzed for IVOMD by the method of Tilley and Terry [17],
as modified by Moore [18]. N-fractions viz corrected total nitrogen (CTN), corrected
retained nitrogen (CRN) and bound-N were calculated (see Table 1).

Drata werc subjected to statistical analysis of variance using the general linear
model (GLM) procedure of the statistical analysis system [19] and least squares
means were used to comparc treatment means.

Results and Discussion

Urea treated straw had a strong ammonia smell at the time the bags were opened
while no visible mould growth was observed on the surface of any sample.

Urea, N-fractions and pH

The effects of temperaturc, addition of SBM and treatment periods on urea
breakdown, N fractions and pH are presented in Table 1. The table also summarizes
the significance of relevant interactions. Resuits of unhydrolyzed urea, NH;-N, pH
and CRN as three factor interactions between temperature, SBM addition and treat-
ment period are shown in Figs. 1-4, respectively.

The results indicated that temperature. urcasc source and treatment period sig-
nificantly (P << 0.001) atfected all the dependent variables investigated. Unhyd-
rolyzed urea was decreased significantly (P < 0.001) with SBM addition, increasc in
the duration of the treatment period or maintenance of the samples at 25 and 35°C
{Table 1). On the other hand, treatment period had little effect on urea breakdown
for the treated straw, at 45°C without SBM addition. This could be due to a decline
in urease activity at that temperature (Fig. 1). However, the addition of $BM to the
treated straw at 45°C substantially increased urea breakdown in the samples (Fig. 1).

Treatment with urea increased the alkalinity of the treated samples and this was
expected in view of the occurrence of extensive urca breakdown. Maintaining the
treated samples at 25 and 35°C increased pH significantly (P < (0.001) by comparison
to the samples kept at 45°C and this effect was significantly (P < 0.001) enhanced by
adding SBM and by increasing the duration of the treatment period (Table 1). The
slow increase in pH at 45°C {without SBM), on the other hand. reflected very low
urea breakdown to ammonia at that temperature (Fig. 3).



Table 1. The effects of temperature, soyhean meal (SBM) and treatment period on pH total nitrogen (TN) corrected TN (CTN), corrected retained-N
(CRN), CRN, % of added-N (CRN/A), unhydrolyzed urea (urea), free NH;-N and bound-N of urea ammoniated wheat straw

Dependent Temperature (T} SBM{(8) Periods, wks (P) Level of significance
Variables  25°C  35°C 45°C  (-) (+) 1 2 4 6 8 SEM TxS TxP SxP TxSxP
pH 9 [1* 909t 0 882F 8898 9130 8847 8965 4.99C 9 10B" g9 16% 0.028 - wnes
g/100g™' DM

TN 2040 2278 286 2338 245% 2740 246 2308 219 207 0.045 - - .
CTN L79C 2,028 261 2330 Lwd® 240% 0 2208 2.04% 0 1930 1020 0048 s
CRN 1195 1.42F 201 173 L3P 1807 1.615 1548 1345 132 0048 ses . o
CRN/A 4195 505 708 611%  474F o6 5670 543F 47.0Y 4657 1680 sus - . s
UREA 0.96% 0998 2524 2234 075F 244 158F 0 1158 1105 1.20% 0123 .. . o ok
UREA-N  0.43%  043% 113 rord 03F  10d o7® o 0529 0505 054C  0.055 . - -
NH,-N 0.58 0620 051 052 0600 054% 0660 0640 05057 0455 0013 ew . NS
BOUND-N 0.22F  0335% 036 021% 0414 0258 0245 .38 03478 3388 (019 * . - ok

ABLDabe Means within a temperature, SBM and periods with different lower case superscripts differ signiticantly at (P < 0.05) and those with differ-
ent capital superscripts differ significantly at (P < 0.001). Except in bound-N the significant at (P < 0.03) and (P < 0.01).

**Significant at 0.1%. **Significant at 1%, "Significant at 5% and MNon Significant at 5% level.

CTN = TN — N of SBM added; CRN = CTN — N of original straw; CRN/A = CRN /urea-N added x 100;

Bound-N = CRN — (urea N + NH-N}); Urea-N = Assuming a 45% nitrogen content of urea as declared by the manufacturer.
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Fig. 2, NH,-N content of urea ammeniated wheat straw after various treatment perivds at three
temperatures 25°C (—o—). 35°C (—+ —) and 45°C (... % ...) with or without SBM.
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Fig. 3. pH of urea ammoniated wheat straw after various treatment periods at three temperatures
25°C(—0), 35°C (—+—} and 45°C (... X ...} with or without SBM.
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Fig.4. CRN content of wrea ammoniated wheat straw after various treatment periods at three
temperatures 25°C {—-o0—), 35°C (- +—j) and 45°C (... x ...} with or without SBM.
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The CRN for treated straw was significantly higher (P < 0.001) at 35 and 45°C
(han at 25°C (Table 1. Fig. 4). This was mainly due to low urca hydrolysis to ammonia
at 45°C as well as the increase of NH;-N and bound-N in samples treated at 35°C.
Addition of SBM decrcased CRN and urea content of the trecated straw significantly
(P < 0.001) due to rapid release of ammonia from urea (Table 1). Values of NH;-N
for straw treated at 35 and 45°C with SBM, and at 35°C without SBM, tended to be
higher than that of the straw kept at 25°C (Fig. 2). The depression of NH,-N content
of the samples treated at 45°C, without SBM. was apparently due to low urea hydro-
lysis at this temperuature. Valucs of bound-N were significantly higher (P << 0.01) for
straw treated at higher temperature (35 and 45°C) than at 25°C, while no significant
(P < 0.05) difference was observed between samples kept at 35 and 45°C (Table 1.

The above results are concordant with the findings of Cloetc and Kritzinger [12]
who reported that high temperature (35°C) decreased the hydrolysis of urea to
ammonia. and that frec NHy-N content of samples treated at 35°C tended to be
higher than that of samples treated at 24°C. These authors suggested that the
decrease in urea hydrolysis for samples ammoniated at 35°C was caused by a decline
in urcase activity, and that higher temperature catalyzed the binding of extractabie
ammonia Lo straw despite the release of less ammonia from urea. [n our experiment,
it appeared that high temperatures (35 and 45°C) also catalyzed the binding of NI;-
N and bound N to straw.

The results obiained at 25°C {without SBM) agree with the findings of Solaiman
etal. [20] on straw treated with ammonium hydroxide. and with those of Ibrahim and
Pearce |21], Cloete and Kritzinger [12] and Dias-da-Silva and Sundstol [6] on straw
treated with urea. Total N content of 1.57% obtained in the present study after 4
weeks of treatment also agreed closely with the results of Ihrahim and Pearce [21]
who reported a TN value of 1.60% in barley straw after 28 days of treatment with
urea (80 g kg™'y ata moisture level of 1000 g kg™ straw. In the present study. NH3-N
content increased from 0.01 in the original samples to 0.37 and (1.54% in the treated
samples after 1 and 8 weeks of treatment period. respectively. Similar results have
been reported previously by Cloete and Knitzinger [12] who recorded an increase in
frce NH-N content of wheat straw treated with 7.5% urea at a moisture tevel of 375
g ke straw from 0.03 to 0.37 and 0.44% after 0.1 and 8 weeks of treatment period,
respectively. Dias-da-Silva und Sundstol 6] found that ammoniation of wheat straw
by 4% urca at u moisture level ot 400 g kg™ straw gave TN and NH;-N values of 1,45
and (.58"% ., respectively. after a treatment period of 60 days. Corresponding values
in the present study were §.55 and 0.54%, respectively. after an 8 weeks trcatment
period.
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Cell wall constituents and IVOMD

The ctfect of temperature, addition of SBM and treatment periods on cell wall
constituents and IVOMD of urea treated wheat straw are shown in Table 2. The
table also summarizes the signiticance of relevant interactions. Results of HC, CEL
and IVOMD as three factor interactions between temperature. SBM addition and
treatment period are presented in Figs. 5-7, respectively.

The results indicated that all of the dependent variables were atfected signific-
antly (P << 0.01) by temperature, SBM addition and treatment period, cxcept that of
AlA was non significantly (P > 0.05) affected by SBM addition.

Ammoniation is known to produce a marked improvement in the nutritional
value of treated material by solubilizing the hemicellulose fraction as well as by swel-
ling the cellulose moiety, thus improving fiber flexibility and dry matter digestibility
[22]. In the present study. NDF content decreased significantly (P < 0.01) with
increased temperature and treatment period. This decrease was mainly duc to a sig-
nificant (P << 0.01) decrease in HC content (Table 2., Fig. 5), which, along with the
reduction in NDF. produced a proportional increase (P <2 0.01) in ADF. and CEL
contents (Table 2. Fig. 6). On the other hand, lignin was increased signifrcantly (P <
(LOT) with increased temperature. and decreased significantly (P <2 0.01) with
increased treatment period. while all cell wall constituents cxcept ATA were
decreased significantly (P << (101} with SBM addition {Table 2). The changes
observed in cell wall composition in this study agree with the findings of Dias-da-
Silva and Sundstol [6] and Mascarenhas-Ferrera ef af, [8] for urea treated straw and
the findings of Given ez al. [23] and Mason et al. [24] for straw treated with ammonia.

The changes in cell wall structure and N retained in treated straw in this study
provide turther support for the increased IVOMD values. The lutter inereased sig-
nificantly (P < (L.01) with increased temperature, SBM addition and longer treat-
ment period (Table 2). Overalt IVOMD mean values for trcated straw with or with-
out SBM addition were 72.8 vs 60.0% ., respectively. These values were higher than
untreated {original} straw (58.8% ) by 14 .0 and 7.2% digestibility units, respectively.

Urca treated straw {without SBM) for 1,2.4 and 6 weeks at 35°C. and for 4 and
6 weeks at 45°C: and all treated samples at 35 and 45°C (with SBM). showed higher
IVOMD values than samples kept at 25°C, Thus, ammoniation appearcd to be faster
and more effective at higher temperatures, especially with SBM addition (Fig. 7).

‘The present results suggest that the addition of SBM increased IVOMD signific-
antly (P < 0.01) and reduced the treatment period from 8 to 2 weeks. Hence. the
' ]




Table 2. The effects of temperature, soybean meal (SBM) and treatment period on neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicel-
imlose (HC), cetlulose (CEL), lignin (LIG) , acid insoluble ash (AIA)} and in vitro organic matter digestibility (IVOMD) of urea ammoni ated
wheat straw

D dent Temperature (T) SBM (S) Periods, wks(P) Level of significance

ependen

Variables 25°C AsC A5°C {—) {+) 1 2 4 6 8 SEM TXS TP SxP TrxSxP
g/100g ' DM

NDF 7128 A9.9B gR & gaaa 67 4B 70 2ABP g1 A g |ABbe gg 70 gg 3BCe () 099 NS .

ADF 49.7°  s0sB 519 szed 49.0F 487 493Y sreB 51.8% 526 0.253 . . NS

HC 2150 sk 1709 1907 185 215 217 1858 1699 16.65 0.309

CEL 3938 3904 qo 3t g1 sc 0 3R3B 0 37500 370" 403 41.4B 0 4230 0.257 NS NS NS

LIG 6845 701" FeRY 741 A94B 783N 7Rt 7448 6308 6448 0.005 NS§ # NS

AlA A7 397 39 382N 3800 34300 3 agBU 3 778Ch 39748 4 187 (0.06] NS ek NS

IVOMD 66.8% 70 703 e6.0% 728 645Y 667 TIOA 7234 7234 0.537 5 N NS

VBCD Ao Means within a temperature, SBM and periods with different lower case superscripts differ significantly at (P <2 0.05) and those with differ-
cnt capital superseripts differ significantly at (P < 0.01).

“**Significant at 1). 1% ** Significant at 1%, *Significant at 5% and “*Non Significant at 5%.

The IVOIMD of untreated {original) wheat straw. (58 8%).
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Fig. 5. Hemicellulose content of urea ammoniated wheat straw after various treatment periods at
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Fig. 6. Cellulose content of urea ammoniated wheat straw after various treatment periods at three
temperatures 25°C (—o—), 35°C (- + —yand 45°C (... X ...) with or without SBM.
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Fig. 7. IVOMD of urea ammonizted wheat straw after various treatment periods at three tempera-
tures 25°C ( —0—), 35°C (- + —} and 45°C (... x ...) with or without SBM.

mean IVOMD value of treated straw with SBM for 2 weeks was comparable to that
of treated straw without SBM for § weeks (70.6 vs. 70.2%. respectively). These
results are in line with the findings of others [11.25]. who demonstrated that the addi-
tion of exogenous sources of urease has the advantage of reducing the treatiment time
required to achieve a given level of digestibility in rice straw. Although the urcase
activity of the SBM was not determined in the present study. the results clearly indi-
cated that SBM can serve as a source of urease for hydrolysis of urea to ammonia,
which in turn improves the nutritive value of wheat straw. Additional benefits
include the supply of protein and readily available carbohydrate to the animals.

From these data, it is concluded that ammoniation of straw through urcain the
presence of SBM., especially at high temperatures, coutd well be an effective means
for improving the nutritional value of wheat straw, and that SBM addition increases
the IVOMD by 14% units over untreated wheat straw and decreases the treatment
time from & to 2 weeks.
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