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He response of wheat and rice straws, maize stover, fababean,

soybean and clover straws and rice hulis to ammenia eatment
was studied in this investigation. The experimental design was a 7x 3x
3 factorial with the seven roughages, 3 ammonia levels: O (control),
25 and 35 g NH,/kg. roughage DM and 3 moisture levels: natural
(13.5%, on a.vm'age) 20 and 25%. Ammoniation was carried out with
200 g DM in sealed plastic bags for one month at ambient temperature
Protein conient was higher in legume than cereal roughages.
Ammoniation with 25 and 35 g NH,/kg DM increased protein content
by 94 and 113% over that of com.m‘ In vitro dry matier digestibility
(TVDMD) was increased by 6.2 and 8.1 percentage unifs over control
with 25 and 35 ¢ N}la levels, respectively. Legume straws had higher
initial IVDMD and responded less to ammonia treatment than cereal
straws. Raising moisture content had a positive effect on protein
content and IVDMD, although this efféct was limited in its
magnitade,

Ammonia reatment decrensed neutral detergent fiber (NDF) and
hemicellulose but had no effect on acid detergent fiber (ADF) or
lignin contents. Legume straws were characterized by lower NDF and
hemicellulose but higher lignin than cereal siraws. Rice hulls had the
lowest protein, IVIXMD, highest NDF and cellulose. It is concluded
that ammonia reatment of legurne straws has limited influence o
upgrade them, however, other oxidative methods might be more
effective. Ammoniation at natural moisture content is sufficient to
attain most of the improvement achieved with higher moisture
contenis.

Keywords: Legume, cereal ronghages, Amoniafreatment, chemical
smalysis gad in viro digestibility.
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Ammonia treaiment of poor quality roughages has proved 1o be a valuable process for
upgrading the nutsitive valiue. Wide spread application of the method was initiated after
the success of the "On farm method" (Sundstol ¢z al.., 1978).

Numerous studies were condocted 1o define the optimal conditions of ammoniation
process, including dosage and form of smimoniz, moisture conient, lemperature,
duration of the treatment and the inaterials 10 be treated. Although ammonia treatment
included variety of materials, much concern was directed toward cereal by-products
including straws of barley (Waagepetersen and Vestergased Thomson, 1977; Keman ef
al., 1979 and Horton, 1981), wheat (Solaiman ¢ al., 1979; kiangi et al., 1981 and
Horton, 1981), rice {(Waiss of af,, 1972; Tobwsi ef al., 1978 and Fl-Ayouty et al., 1988)
maize stover (Oji ¢! al, 1977 and El-Ayouty et al., 1988) , oat, (Keman et al., 1979 and
Horton, 1981) and rice hulls (Fahmy ez 2., 1963 and Toheai 2t al., 1978). Less attention
was paid (o legume straws (Waiss e al., 1972 and Kernan ef al., 1981). The response of
cescal straws in general is grester than legume straws (Waiss et ol 1972).

Levels of ammonia as Jow as 2.5% is sufficient to aitain most of the improvement, a
further rise of ammonia Jevel resulied in a small additive effect (Sundstol er al., 1978).
With very dry maierials (3.3% moisture conient) ammonia treatment was without effect
on the in vitro digestibility (Sundstol ef al., 1979).

Borhami and Sundstol (1982) found & continuous increase of in vilro dry matter
digestibility (fVDMD) &s the moisture content of oal siraw Wwas elevated from 2.5 to
10%. solaiman et al. ,(1979) observed similar trend with moisture contents ranging from
10 to 50%. However, high moisire contents may hinder better diztribution of ammonia
anxl create problems related 10 transportation and s0rage,

Ei-Ayouty et al. , (1988) treated maize stover and rice straw with either 3 or 5%
anhydrous ammonia. Althoogh 3% N was supedor 10 4% in respect o crude protein
content and IVDMD, 3% NH, atiained most of the improvement achieved by 5% NH,
level. Raising the moisture conent of rics swaw from 5 w0 15% and that of maize stover
from 10 10 20% bad a pronounced effect in the ammoniation process.

The objective of the present swmdy was o o8t the response of some cereal

by-products in addition W legume straws 1D SMMONIA freatment under moderate levels
of both ammonia dosage snd meisians Conteat.
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Material and Methods

The following materials were used in this study
1- Wheat siraw, Triticum aestivim 1. chopped to 2-4 cm, moisture content 109,
2- Rice straw, Oryza sagiva, chopped to 3-6 cm, moisture content 16%.
3- Maize stover, Zea mays, chopped to 2-4 cm, moisiure content 15.2%.
4- Fababean straw, Vicia faba L., chopped to 2-4 cm, moisture conient 13.8%.
5 - Soybean straw, Glycine max, chopped 10 2-4 cm, moisture content 16%.
6- Clover swaw, Trifolium alexandoinum, chopped to 2-4 cm, moisture content
13.5%.
7- Rice bulls, Oryza sativa, moisture content 10.2%.

The study was conducted as & factorial experiment involving the 7 roughages, 3
anhydrous ammonia dosages (25 and 35 g NHy/kg DM}, and 3 moisture contents
(natural, 20 and 25%).

After adjusting the moisture content to the required level, an equivalent of 200 g DM
was put in a plastic bag, sealed and infused with the required dosage of ammonia
(weight basis) and stored at room temperature (zbout 20°C) for one month. treatment
combinations were assigned to duplicate samples.

The bags were opened, the treated material dried over night at 50-60"C, laft o
equilibrate with atmospheric moistwre and then, ground through 1-min screen for
analysis.

Analyses

Crude panein (Kjeldahl process), neutral detergent fibes (NDI}, acid detergent fiber
(ADF) and acid detergent lignin (ADL) wege carried out on duplicate samples according
to the method of Goering and Van Scest (1970). Cellulose was calculated as ADF-ADL,
and hemicellilose as WNDF- ADF.

In vitro dry matter digestibility (IVDMD) was performed by the method of
(Adexander and McGowan, 1966) utilizing ramen fvid from two mumen-fistulated bulls
fed on clover hay.

The data were statistically analyzed as a factorial experiment 7x3x3. The differences
among means were tested with the Duncan's new multiple range test (Steel and Torrie,
1980).

Resubis and Discussion

The effects of ammonia level, moisture content and roughage type on chemical
composition and IVDMD e presented in Table 1,
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TABLE 1. Effects of ammonia and moisture levels and roughage type on crude protein
content, In vitro dry matter digestibllity (IVDMD) snd cell wall constituents,

Protein IVDMD NDF ADF ADL C:;“' c?::ilse Ash
Ammonia level
g/kg DM (A) 55% 374% 734% 553 101%® 448 1852 131
250.0 10.7° 436° 710° 553 104* 450 153 131
30 1.7° 455° 709° 556 9.8 453 1541 130
Moisture Content (M)
Natural 9.0% 41.0° 718 551 99 448 165% 134
20% 93 425" 713 104 104 49 153° 130
25% 96° 426 72 559 100 455 1562 129
S.E for Aor M 012 040 039 028 0.18 031 042 0.16
Roughages (R)
Wheat straw 68%  46.1% 769" 54.0% 72% 548% 2258 1242
Rice straw 78  422° 741% s40* 49  491% 2020 162P
Maize stover 75% 413 703° 5160 80 438° 2780 83°
Fababean straw 15.8° 545° 5839 483° 107 3769 97° 9sd
Soybean straw 1079 542° 627° 52.8% 1045 414° 103° 11.0°
Clover straw 1128 476 £38° 5340 1229 212° 103° 1560
Rice hulls s2t 93a 3785 17 700 ses’ 1409 184
SE. for (R) 018 062 0.61 043 027 048 064 025
Interactions
AxM NS * * NS * NS NS NS
AXR. % # L ¥ @ L E N’S
MxR NS NS NS NS NS * N§ =+
AxMxR NS * NS NS * NS NS NS

&,b,c,d,e.f means within each exprimental factor bearing emall letters differ at P< 0.05
N.S. Not significant, * Significent at P< 0.05
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Protein content

On average ammoniation with 25 and 35 g NH,/kg DM increased protein content
from 5.5% (for O NH, level} to 10.7 and 11.7%, respectively; this improvement
corresponded to 94 and 113% increase over control. Ammonia level of 25 ghkg DM
aitained most of the improvement reached by the 35 g NH, level, although the
difference between the two levels was significant (P < 0.05 ).

Legume straws had higher protein contentis than cereal straws with fababean straw
showing the highest value (15.8%) and rice straw exhibiting the lowest value 5.2%.

Raising moisture content from the natural level (13.5%, on average) to 20 and 25%
alevated the protein content from 9.0 to only 9.3 and 2.6%, respectively. The only
significant difference was between the highest and lowest level of moisture.

The interaction of ammonia level with roughage type was significant (P< 0.03). The
responese in CP different roughages to ammoniation is presented in Table 2. The
protein contents of untreated cereal straws were lower than these of the untreated
legumes. Absolute increases in CP (average of 25 and 35 g NH,/kg DM) were 53
44: 4.3: 10.3; 6.0; 4.4 and 3.7 percentage uniis for wheat, rice siraw, maize stover,
fababean, soybean and clover straws and rice hulls, respectively the increase in protein
content of ammoniated roughages is well authenticated (Horton and Steacy, 1979;
Sundstoi et al., 1979; Keman et al., 1981; Kiangi ef al., 1981 and Alibes et al. 1984).

TABLE 2. Effect of ammonia level on crude proein content (% of DM) of different

roughages.
Ammonia k@gj‘kg Dh

Roughage type @ 5 35

Whest straw 33 3.0 - 9.1°
Rice straw 49* 8.0° 9.6
Maize stover 49" 90" 9.3°
Fababean straw 8.9* 18.7° 19.7°
Soybean straw 6.0 12.4° 13.2°
Clover straw 8.2 11.6° 137
Rice hulls 54 5.8° T1°

1- 8.c,b Means in the same row bearing different letiers differ at F < 0.05.
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Ir vitre dry magtier digestibility (IVDMD)

Ammoniation with 25 and 35 g NHy/kg DM increased IVDMD,on average by 6.2
and 8.1 percentage units over the conirols. Raising moisture content had a significant
{P< 0.05) effect on IVDMD, although this effect was limited in its magnitude, since
IVDMD was increased by only 1.9 percemiage units.

Kiangi e al. (1981) found that increasing moisture content, from 20 to 40% raised
IVDMD by only 1 percentage unit and Waiss ei al. (1972) pointed that the optimum
moisture content for ammoniation is 30%, although better results in IVDMD were
obtained with levels lower than 30% moisture content. Sundstol (1984) stated that the
opiimum moisture content, for practical purposes, probably lies between 15 and 20%.
From the results reported hezein, it seems that the average level of natural moisture
content (13.5%) is quile suitable for arnmonia treatment.

The responses in IVDMD of different roughages to smmonia.treatraent are given in
Table 3, In general, the untreated legume straws had higher TVDMD than the untreated
cereal straws with fababean and soybean straws showing the highest values. The IVDM
of the untreated rice hulls was very low, making it unsuitable as a feedstuff. The
increase in IVDMD due to ammoniation (average of 25 and 35 g NH,/kg DM) were
15.0, 14.8, 7.8, 3.1, 1.2, 5.6 and 5 percentage units over control for wheat and rice
straws, maize stover, fababean, soybean and clover straws and rice hulls, respectively. It
is obvious that the improvement in cereal straws was much higher than those in legume
straws. The response of maize stover was much lower than that of wheat and rice
straws, The magnitude of response in TVDMI! of maize stover is similar to the results of
Oji et al. (1977) and Kiagi et al. (1981) but lower than those of Albies et al. (1984) and
El-Ayouty et al. (1988). The magnitude of response in rice straw is similar o other
results (Kiagi ef al., 1981 and El-Ayouty et al, 1988) and that of fababean straw is
similar to that obitained by Keman ef al. (1581), Ammoniation did, however, not
improve the IVDMD of soyhean.

TABLE 3. Effect of ammonls level on In vitro dry watter digestibility (IVDMB) of

different roughages (%),
Ammonis level g/kg DIV

Roughsge type s 25 3’
Wheat sicaw 36.2° 49.9° §2.9°
Rice straw 3.8 47.4° 47.1°
Maize siover 26.1° 42.1° 45.6°
Fababesan straw 52.4* 55.6° 55.4°
Soybean straw 55.1 529" 54.7
Ciover siaw 44.2° 470° 51.7°
Rice halls .0 10.4° 11.6°

1- a,bc Mesns im the seme row besving ditforent letters differ st P < 0,05,
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The lower response of legume than cereal straws 0 ammonia treatment reporied
herein is in agreement with Waiss et a/. (1972) and Kernan et al. (1981). The legume
straws here had higher initial digestibility than cereal straws thus it is expected that the
improvement in legume straws 10 be lower than cereal sraws; as the effectiveness of
ammonia treatment is related inversely to the initial nutritive value of the treated
material as reviewed by Sundstol and Coxworth, (1984). Nevertheless, other factors
may contribute to differences between legume and cereal straws. Oji (1979) drew
attention to the higher content of lignin in legumes than in grasses, and that the nature of
the chemical bonds differ. The lignin-polysaccharide bonds in cereal straws are of ester
type (Hartely, 1972) but those in legume straws are of glycosidic type (Harkin, 1973)
which may be more resistant to cleavage by alkaline or ammonolysis than the ester
bonds in cereal straws.

Cell wall fractions

Ammonia treatment decreased both NDF and hemicellulose contents of roughages
(Table 1). Raising moisture content had no effect on NDF and a little effect on
hemicellulose. Ammoniation, however, had different effects on different straws (Table
4). Wheat and rice straws and maize stover showed decreases in NDF due to
ammeniation, with no difference between the ammonia levels. On the other side,
fababean straw showed no change whereas NDF in soybean swaw was slightly increased
after ammoniation. Clover straw NDF decreased only with the 35g NH, level. NDF in
rice hulls showed a small decrease due to ammoniation. Untreated cereal straws were
characterized by higher NDF contents than the untreated legume straws. The decrease in
NDF of ammoniated roughages had been observed by others (Solaiman et al., 1979; Itoh
et al., 1979; Horton 1981; Brown 1988 and El-Ayouty et al., (1988).

The hemicellulose contents of the untreated cereal straws were twice higher, o even
more, than the levels occurred in legume straws. Among the unireated cereal straws
wheat straw and maize stover had higher hemicellulose contents than rice straw. Rice
hulls had lower hemicellulose than other cereal straws but slightly higher than legume
straws. In general, although ammonia treatment decreased hemicellulose content,
different roughages responded variabely. The largest decrease was observed in wheat
straw. Similar decreases were noticed in ammoniated rice straw and maize siover.
Fababean and soybean straws showed relatively, in comparison with the inital values,
more decrease than cereal straws. Clover siraw and rice hulls showed a liitle response to
ammonia freatment.

Neither ADF nor cellulose was significantly affecied by ammoniation or increasing
moisture content. Notwithstanding this, small decreases in ADF occurred in
ammoniated maize stover, clover straw and rice huils. On the other side, ADF and
cellulose was noticed to increase in fababean and soybean straws after ammonia
treatment. El-Ayouty et al. (1988) and Brown (1988) found that ammonia treatment did

Egypt. J . Anim. Prod ., 28, No.l (1991).
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TABLE 4. Effect of ammonia treatinent on the cell wall fractions of different roughages.

NDF  ADF ADL Cellulose hemi-
cellnlose
| Wheat straa
0 NH, 81.1% 74.3% 7.52 46.4 2758
25NH, 73.6°  s529° 73 452 204°
35 NH, 742 54.6% 6.7 45.9 19.6°
Rice straw
ONH, 76.2% 53.9 53 485 ©22.32
25NH, 1312 539 43 - 492 1910
35 NH, 1312 s41 47 49.4 19.2b
Maize stover
ONH, 8138 524 a0 445 296
25 NH, 781°  515% 960  a20° 265D
35 NH, 785 509 650 44.9% 27.3P
Fababean straw
ONH, 58.7 46.5% 10.0% 3642 1232
25 NH, 579 495°  114®  38a® 83l
35 NH, 532 488 108%° 3820 gsd
Soybean straw .
ONH,, 61.8% 49.8% 1032 33.7% 12.92
25 NH, 63.6°  531°  103* 428" 9D
35 NH, 62.6%°  554°  129° 428 9.0b
Clover straw
ONH, 652° 47 1St 413 10.5%
25 NH 644% 1P 129 414 11.3%
3 5 b b
35NH, 61.8 525 11.6% 408 93
Rice hulls
ONH,, 89.01° 754 171 571% 143®
25 NH, 865 70 165 366 1278
35 NH, 879  p 171 5520 152
SE 0.6 0.4 03 6.5 0.6

a, b, ¢ Means in the same columm within each roughage type bearing different letters differ at
P< 0.05.
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not affect ADF in cereal straws, whereas Kernan ef al.(1981) with fababean straw
showed that ammonia treatment increased ADF fraction fromn 43.6 to 48.4%. The
highest ADF and cellulose conents were found in rice hidis whereas fababean siraw had
the lowest values. Cellalose contents weve higher in cereal than legume siraws.

Acid diergent lignin (ADL) was slightly affected by ammoniation, although the
difference between the smionia levels was significant (P> 0.05). Raising moisture
contents had no effect on ADL. legume siraws had nigher ADL Conients than cercal
straws. However the highest ADL Levels were observed in rice huils.

The ratio of lignin to cellulose is higher whereas that of hemicellnlose to cetlulose is
lower in legume than in cercal straws. This is in agreement with Van Soest (1982).

Ash content was not infizenced by either amnoniation or increasing moisture
content,

It is concluded that ammonia treaiment is effective in upgrading cereal siraws but
has limited influcnce on legumie straws; other oxidative methods might be more
effective. Amimoniation at natural moisture contenis is sufficient to aitain most of the
improvement.
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