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Abstract

Amination treatment of straw proceeds slowly at the low environmental temperatures. Although the aqueous
ammonia has a relatively good effect, it has high volatility and an irritant oder. Steam explosion has the advantage of
short reaction time, but it cannot improve the nitrogen content of the straw for animal feed. A new process combined
with the two methods for maize stalk pretreatment was studied to improve its nutritive value. The results showed that
nitrogen sources coupled with steam explosion modified the treated materials. Except for urea, other nitrogen sources
promoted the degradation of hemicellulose and the increase of the soluble sugars content. Decrease of hemicellulose
treated with 3% {(NH,)>80; was highest (58.0%), bul no significant changes were detected in cellulose and lignin
content using chemical methods after nitrogen source addition. Compared with steam explosion pretreatment,
amination by steam explosion increased the nitrogen content of maize stalk. The highest total nitrogen content (2.30%)
was obtained by adding urea. The treatment of 5% (NH4).80; led to the highest retention of added nitrogen (84.0%)
and 15% NH4OH led to the lowest percentage of retention (18.1%). Amination by steam explosion effectively increased
the potential digestibility of DM, and the maximum digestibility value (71.2%) was obtained when 5% (NH4).S0; was
added. Amination by steam explosion shortened the amination time and was a rapid and effective method of improving
the nutritive value of straw.

% 2004 Elsevier Ltd. All rights reserved.
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1. Introduction conversion to fuels and chemicals but also for
ruminants as a potential source of energy

Maize stalk is one of the most promising especially in China. However, its feed value is
renewable feedstocks not only for biological limited by the lignin-carbohydrate complex
structure and the low nitrogen content. Lots of

*Corresponding author, Tel./fax: +86 1082627071, efforts have been made to upgrade its nutritive
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treatments and some patents have been applied
[1-3]. Amination treatment of straw is the most
widely used chemical treatment [4], which in-
creases the digestibility of the structural cell
wall constituent and supplies the nitrogen content
[5-8]. But the reaction of amination proceeds
stowly, especially at the low environmental
temperatures [9] and most farmers still use
this method in China. Although the aqueous
ammona has a good effect, its utilization rate
is relatively low due to its high volatility and
the irritant odor increases the difficulty in handl-
ing by manpower. The effect of other nitrogen
sources on the cell wall structure is small. In order
to reduce the treatment time and improve effi-
ciency, modification of this method will be
NECEssary.

Steam explosion is another method for ligno-
cellulose materials pretreatment, which has been
used to release digestible materials from the cell
wall and is suitable for upgrading lignocellulose
materials for saccharification processes and animal
feeding. After steam explosion treatment, the bio-
utilization of lignocellulose materials by the rumen
microbes and free enzymes is improved [4,10-11].
During the steam explosion, various chemical and
physical modifications take place. The (wo main
physical modifications are reduction of particle
size and expansion of the micropores, which
increase sites for bacterial attachment and acces-
sibility to free enzymes [12]. Breakdown of
hemicellulose and delignification of the cell wall
have been suggested as the main chemical reac-
tions, which increase availability of cellulose
[13,14]. The changes that occur during steam
explosion treatment enable rumen microbes to
utilize the carbohydrate content more efficiently.
But this method cannot increase the nitrogen
content in the raw material.

So a new process based on amination and
steam explosion treatment was developed in this
study. Maize stalk was first impregnated with
different nitrogen sources, and was then
treated with steam explosion. The objective
was to break down the cell wall structure,
increase the nitrogen content and upgrade the
nutritive value of the maize stalk efficiently
and swiftly.

2. Materials and methods
2.1. Substrate

Maize (NongDa 108) was cultivated in spring at
the suburb of Beijing and harvested after 95 days
in 2002. The maize stalk was ground into fractions
less than 0.5cm and stored in a storehouse after air
drying at 60°C for 48h (type 202-2, made in
Shanghai, China). Fractions of the stalk were
measured according to the method of Van Soest
[15]. Tt was composed of 30.6% hemicellulose,
34.1% cellulose, 7.8% lignin and 1.02% ash.

2.2, Amination by steam explosion

Samples (200g) were sprayed with desired
amounts of nitrogen source agueous solutions or
water (control). Nitrogen sources included 5%(w/
w) urea, S5%(w/w) (NH4):80; [10%(w/w)
NH4HCO; and 15%(v/w) NH4OH (25-28%
NH3) of dry matter. The spraying solution was
prepared by dissolving the required amount of
nitrogen source in sufficient water to achieve a
ratio of 100 g liquor per 100 g straw. To ensure a
uniform distribution of the chemicals, the maize
stalk was continuously mixed while being sprayed
with the solution, then was treated by steam
explosion immediately. Steam explosion treatment
was accomplished in a 7.51 wvessel and all
treatments were carried out with pressure
L.5Mpa (198°C) for 1.5min. After the desired
treatment time, the steam supply was stopped
and the quick release valve was opened. Then
the treated stalks were collected and air
dried. Dried stalks were milled and passed through
a 2mm sieve and stored in a storechouse for
analysis.

2.3. Determination of content of solible sugars

For determination of soluble sugars, treated
maize stalk was taken from the storehouse and air
dried at 60°C for 48h in the air drier. Then lg
sample was extracted with 25ml of distilled water
for 12h at 60°C. The solids and liquids were
separated by filtration and the liquid was analyzed
for soluble sugars.
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2.4. Determination of nitrogen content

In order to determine water soluble and
insoluble nitrogen in the stalk, 1g hot air-dried
(60 °C, 48 h) stalk was agitated in 30 ml of distilled
water for 3 h at room temperature (25 °C) and was
then filtered. The washed stalk was used for
determination of the insoluble nitrogen and the
filtrate for determination of the soluble nitrogen
[16] and pH. Retention of added nitrogen was
calculated as {nitrogen conlent of treated samples
in excess of that in the control)/(amount of added
nitrogen).

2.5. Invitro dry matter digestibility (IVDMD) and
predicted in vivo digestibility

It was reported that there was a good correla-
tion of IVDMD (i.e. cellulose solubility in cellulase
solution) with in vivo dry matter digestibility,
especially when the herbage was pretreated with
pepsin [17]. So we used this method to measure
the IVDMD of different materials and chose
the regression equation y=0.54x+35.0 (» = 0.93)
(37 in vivo digestibility; x: cellulose solubility) to
predict the in vivo dry matter digestibility of them
in order fo estimate whether the treated materials
could be used as animal feed.

2.6. Analytical methods

Soluble sugars were measured by the phenol-
sulfuric acid method [18]. Cellulose, hemicellulose
and lignin were estimated according to the
procedures of Van Soest {I15]. Nitrogen was
determined by the micro kjeldahl procedure. In
vitro and speculated in vivo dry matter digest-
ibility was determined as described by Jones and
Hayward [17].

3. Resulis and discussion

3.1, Effect of ammounia treatment by steam
explosion on chemical composition of maize stalk

Fig. 1 shows the effect of amination with
different nitrogen sources by steam explosion on
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Fig. . Hemicellulose, cellulose and lignin content (% DW) of
maize slalk afler amination by steam explosion. Note: water,
control; Cyc, the content of hemicellulose, Ce. the content of
cellulose, Cy. the content of lignin.

the cell wall component of the treated maize stalk.
Inspection of this figure indicated that the cellulose
and lignin components were influenced little by
different nitrogen sources compared with the
sample treated by steam explosion with water
(control). However, significant variations occurred
in the hemicellulose component. Excent for treat-
ment with urea, treatments with other nitrogen
sources promoted the degradation of hemicellu-
lose. The maximum amount of hemicellulose
degradation (58.0%) occurred in the treatment of
5% (NHg4);S0:. In the treatment of 5% urea, the
amount of degraded hemicellulose was the least,
the degradation percentage of which was 12.3%.
These differences owed to the characters of
different nitrogen sources. During the steam
explosion, ammonium sulfite was hydrolyzed to
SO, and NH,. Partial oxidation of the 8Q; due to
sulfuric acid enhanced the depolymerization of the
hemicellulose [19]. Urea had a relatively stable
property and was hydrolyzed to CO, and NH;
when temperature was above 132.7°C. Thus the
effect was little in short treatment time (1.5 min).
NH,OH was an alkali, which enhanced hydrolysis
of hemicellulose and cleavage of the ether bonds
between lignin and carbohydrates. During the
treatment, NH,HCO, was hydrolyzed to CO; and
NH; at a lower temperature (35-70°C) . which
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also enhanced the degradation of the hemicellu-
lose.

The effect of amination with different nitrogen
sources by steam explosion on soluble sugars is
shown in Fig. 2. The treatment resulted in the
increase of soluble sugars content on the whole.
The amount of soluble sugars was the lowest
(6.6%) in the treatment of urea. The maximum
production of soluble sugars (14.9%) occurred in
the treatment with ammonium sulfite, while that of
the control was 12.2%. Shevchenko et al. reported
that the richest source of soluble sugars was the
hemicellulose fractions and a detailed analysis
confirmed that soluble sugars had predominantly
originated from the hemicellulose fractions of the
materials [19]. Autohydrolysis of hemicellulose
produced soluble sugars. Lower hemicellulose
degradation gave less soluble sugar. This is also
demonstrated by the data in Fig, 1,

3.2. Content and nature of nitrogen retained in
treated maize stalk

As expected, amination with different nitrogen
sources by steam explosion significantly increased
the totaf soluble and insoluble nitrogen contents of
the maize stalk (Table 1), Nitrogen content was
affected by nitrogen sources added. The highest
total nitrogen value (2.30%) was found in steam
explosion with urea and the lowest total nitrogen

164
o]
1241 S
10

o
6]

Soluble sugars (%)

water  (NH,),CO (NH,),S0, NH,HCO, NHy.H,0
Additive

Fig. 2. Soluble sugars content {% DW) of maize stalk after
amindtion by steam explosion. Nose: water, control.

content (1.57%) was achieved in the treatment
with NH4OH. This could be explained by the
stability of urea and the high volatility of NH,OH.
Nitrogen content of the treated material without
nitrogen source was 1.06%.

As Caneque have found, added nitrogen was
incorporated into the maize stalk in two distinct
forms: water soluble nitrogen and water insoluble
nitrogen [20]. The types of nitrogen sources
influenced the insoluble nitrogen value. If the
value of retained insoluble nitrogen was expressed
al a percentage of nitrogen retained. this value
varied little due to the different nitrogen sources.
Retained insoluble nitrogen was presumably
bound to components of the cell wall of the
treated stalk as an unidentified aromatic amine
was found on amino acid analysis of the treated
straw [21]. Most of the added nitrogen was
retained in the soluble fraction.

If the retained nitrogen was expressed as a
percentage of the nitrogen added, this value was
influenced by the property of nitrogen source.
Ammonium sulfite increased nitrogen content
more effectively than other nitrogen sources and
84.0% added nitrogen was retained. Due to the
volatility of the NH4OH, large amounts of the
added NH,; were lost and nct retained during
treatment. So the minimum value (18.0%) was
obtained in the treatment with NH,OH.

Fig. 3 shows the steep pH of different treatment
samples. Except for treatment with (NH;).80;
{pH = 5.0}, treatments with other nitrogen sources
improved the steep pH. The pH value was 7.2, 6.7
and 6.4 for treatments with vrea, NH,OH and
NH4HCO;, respectively, and pH of control treated
with water was 6.0. The result also explained the
changes of the cell wall component of the treated
maize stalk (Fig. 1). Acidic condition could
enhance the depolymerization of the hemicellulose

[19].

3.3. In vitro dry matter digestibility and speculated
in vivo digestibility

The effect of the various treatments on IVDMD
is presented in Fig. 4. Addition of nitrogen source
in steam explosion make maize stalks more
digestible than those without an additive and the
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Table |

Witrogen fractions of maize stalk treated with amination by steam explosion with different nitrogen source (% dry matter)

Additive Total nitrogen” Soluble nitrogen Insoluble nitrogen  Insoluble nitrogen  Retained nitrogen
(% retained) (% added)

Control® 1.06 0.22 0.84 0 0

15% NH;OH 1.57 0.51 1.06 44.4 18.1

5% (NH,):80; 1.50 0.72 1.18 40.0 84.0

5% urea 2.30 1.01 1.2 6.4 529

10% NHHCQ, F.68 0.62 1.06 164 36.2

“Soluble nitrogen + insoluble nitrogen.
PSieam explosion with waler.

steep pH

Additive

Fig. 3. Steep pH of maize stalk ufter amination by steam
explosion. Mete: water, control.
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Fig. 4. In vitro digestibility of treated maize stalk by amination
coupled with steam explosien. Note: water, control,
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Fig. 5. Speculated in vivo digestibility of treated maize stalk by
amination coupled with steam explosion. Nete: water, control.

digestibility ‘of the latter was 62.4%. The max-
imum in vitro digestibility value (71.2%) was
obtained by the treatment with (NH;)»SOs. The
digestibility values of adding other nitrogen
sources showed little difference. The predicted in
vivo digestibility had the same trend (Fig. 5). The
maximum speculated in vivo digestibility value
(73.4%) was also obtained by the treatment with
(NH4)»505, while the water steam treatment
(control) was 68.7%. The improved digestibility
in the treatments was due to two causes: (1) the
solubilization of the hemicellulose, (2} the altera-
tion of the structure of maize stalk (favoring the
action of enzymes). The solubilization of hemi-
cellulose coincided with the best digestibility
results. The treatment of maize stalk with amina-
tion by steam explosion increased its nutritional
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value by producing more digestible cellulose and
hemicellulose creating favorable growth condi-
tions for the cellutolytic bacteria that degrade the
cell wall in the rumen.

4. Conclusions

Results of this work indicated that amination
maize stalk treated by steam explosion allowed
significant improvements in nitrogen retention
value and digestibility. The optimum nitrogen
source was 3% ammonium sulfite. This processing
method overcame the general disadvantage of
amination with liquid ammonia (slow reaction,
low utilization of nitrogen source)} when a good
nitrogen source was selected.
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