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SUMMARY

The effect of different chemical treatments on nutritional quality and digestibility of wheat
straw, rice straw, Sorghum sudan grass (SSG) and Guria grass (Chrysopogon fulvus) was investigated.
The treatment with sodium chloride (2.00%), aqueous ammonia (10.00%), urea (4.50%) and dilute acid
(1.50%) significantly improved the CP content of wheat straw (148.57%), rice straw (66.06%), sorghum
sudan grass (SSG) (17.27%) and (30.24%), respectively. Alkali treatments [NaOH (2%) and Ca(OH)2
(0.4g/gm of sample)] were effective in reducing fiber and hemicellulose contents in wheat and rice
straws while aqueous ammonia treatment was effective for treatment of SSG and Guria grass. Acid
hydrolysis resulted delignification of feeds to the extent of 37.50%. Treatment of rice straw and SSG
with sodium chloride resulted 21.62% and 57.58% increase in ash content, respectively. Highest  increase
in ash content of wheat straw (82.61%) and Guria grass hay (18.30%) was observed with dilute acid and
calcium hydroxide treatments, respectively. Alkali treatments resulted significant reduction in phenolic
content of straw and hay. The chemical treatments were effective in improving digestibility of fibrous
feeds. The results of the study revealed that acid hydrolysis, sodium chloride, sodium hydroxide and
aqueous ammonia, treatments had significant effect on improvement in nutritional composition and
digestibility of wheat straw, rice straw, SSG and Guria grass hay, respectively.
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Livestock rearing is an indispensable sector
for contributing considerable share in nutritional,
environmental and agricultural growth of any country.
Presently, India holds largest livestock population in
the world and their numbers are continuously
increasing (Katoch et al., 2017). Accordingly, the
feeding as well as nutritional requirements are also
increasing to sustain huge livestock population. This
situation has put the available feed resources under
tremendous pressure for meeting the requirements of
growing livestock population. Intense urbanization and
increasing human population is further intensifying
the rate of converting farmlands into commercial
landscapes (Ayyadurai et al., 2013). At present, the
country is under net deficit of 35.60% green fodder,
10.95% dry crop residues and 44% concentrate feeds
(IGFRI Vision-2050). According to Ghosh et al.
(2016), the percentage proportion of fodder
unavailability is expected to increase upto 1012 million
tonnes of green fodder and 631 million tonnes of dry
forage by the year 2050. Therefore, it is obvious that
availability of fodder will become the limiting factors
in achieving sustainable livestock production in the
country. During the periods of unavailability of green

fodder, the straws, husks, hay and stover have great
significance in livestock feeding (Singh et al., 2013).
These are also important for providing comparatively
cheap feed source than the commercial feed
concentrates. However, the lack of fermentable energy
and low protein content with low ruminal digestibility
limit their usage as a potential livestock feed.

Wheat (Triticum aestivum) and rice (Oryza
sativa) are the most important cereal crops in mid-
Himalayan region. Since, wheat and rice are cultivated
traditionally and commercially in this region, the
availability of biomass produce is also considerable.
Farmers utilize biomass from these crops as a livestock
feed when green fodder is unavailable. The high fiber
content and the presence of ligno-cellulosic complex,
tannin-protein complex and silica in the cell wall are
collectively responsible for low quality of these crop
residues. SSG (Sorghum Sudan grass) and Guria grass
(Chrysopogon fulvus) are two important grasses for
hay making in mid Himalayan region. The rapid
establishment and ease in handling increases the
importance of these grasses as a potential livestock
feed. Their importance becomes more evident when
green fodder is in short supply. Despite of such



valuable characteristics, these grasses are not being
used as potential livestock feed on a large scale. Since
the gap in demand and supply of fodder is continuously
increasing, either in term of quality and quantity, it is
pertinent to investigate different methods for
improving the quality and digestibility of low quality
feeds. Keeping this objective under consideration
different chemical treatments were investigated for
improving nutritional quality and digestibility of high
fibrous straw, hay and crop residues.

MATERIALS  AND  METHODS

Pretreatment of samples : The feed samples
were dried at 50oC to the constant weight and ground
in a Willey mill (1 mm sieve). Moisture free grounded
samples of wheat straw, rice straw and grasses (SSG
and Guria grass) and preserved in air tight bags for
further analysis.

In alkali treatment, 5gm sample was mixed
with 50 ml of sodium hydroxide (2%) and calcium
hydroxide (0.4 g/gm of sample in 50 ml of distilled
water) solutions for 30 min and 1 hr, respectively at
120oC. For acid hydrolysis, samples were treated with
50 ml of 1.5% sulfuric acid for 3 hrs at 106-108oC.
The experimental material was treated with sodium
chloride (2%) and urea (4.5%) for overnight and 21
days, respectively at ambient temperature (24-26oC).
Treatment of feed resources with ammonium
hydroxide (10%) was carried out at 26°C for 24 hrs.
Following aqueous ammonia steeping, delignified
material was further hydrolyzed with 0.3M of HCl at
100-108°C for 1 hr. After each treatment, the samples
were washed, dried and stored in polythene bags for
further analysis.

Nutritional analysis : Crude protein (CP) and
ash contents were estimated according to the method
given in AOAC (2000). Cell wall constituents i.e.,
Neutral detergent fiber (NDF), Acid detergent fiber
(ADF) and Acid detergent lignin (ADL), hemicellulose
(HC) and cellulose (CeL) were determined by the
method of Goering and Van Soest (1975). The NDF
content subtracted from 100 was calculated as cell
content (CC). The samples were also analyzed for total
carbohydrates (TC) by following the method of Hedge
and Hofreiter (1962). Total phenols (TP), simple
phenols (SP) and total tannins (TT) were estimated
by the method of Makkar (2003). The in vitro dry
matter digestibility was estimated by two stage
digestion method of Tilley and Terry (1963). The
significant differences in results were detected by

analysis of variance (One-Way ANOVA) together with
Duncan’s multiple range test (Duncan, 1955). A
probability of ≤ 0.05 was selected as criterion for
statistically significant difference.

RESULTS  AND  DISCUSSION

The variations in the level of different
nutritional constituents of treated feeds have been
presented in Table(s) 1 to 4. To support the growth of
gastro-intestinal microflora and increase the nutrient
assimilation efficiency of livestock, the protein rich
feed resource is of considerable importance (Katoch
et al., 2018). The results of the study revealed
improvement in CP content in wheat and rice straws
from 3.85 to 9.57% and 5.48 to 9.10% after application
of different chemical treatments (Table-1 and Table-
2). The significant increase (148.57%) in CP content
of wheat straw was observed after treatment with
sodium chloride, whereas aqueous ammonia and urea
treatments resulted 66.06% and 63.86% increase in
CP content of rice straw, respectively. It has also been
observed that urea treatment (0 to 8%) increases the
CP content of maize stover from to the extent of 131%
(Oji et al., 2007; Ramirez et al., 2007; Elias and
Fulpagare, 2015; Abera et al., 2018). Fadel Elseed
(2003) also reported 154% increase in CP content of
rice straw treated with 3% ammonia solution. The
addition of urea and ammonia to fibrous feeds
increases the non-protein nitrogen content which
destabilizes the protein complexes with anti-nutrients,
thereby improves the CP content (Katoch et al., 2017).

The fiber content (ADF and NDF) in forages
has inverse relationship with digestibility of feeds in
livestock (Katoch et al., 2017). In the study, highest
reduction in NDF content was observed up to 20.35%
in wheat straw and 9.08% in rice straw treated with
calcium hydroxide and sodium hydroxide, respectively
(Table-1 and Table-2). The reduction in NDF content
in fibrous feeds may be due to increased solubilization
of hemicellulosic fractions in cell wall (Ramirez et
al., 2007). The ADF content revealed highest reduction
up to 10.34% in wheat straw and 6.73% in rice straw
after treatment with dilute sulfuric acid and sodium
chloride, respectively (Table-1 and Table-2).
Suksombat (2004) also observed 5.62% and 14.35%
reduction in ADF and NDF content in rice straw with
the application of sodium hydroxide (6%). Casperson
et al. (2018) reported 14% and 29% reduction in ADF
and NDF contents of alkali treated corn stover,
respectively. The reduction in fiber content with urea
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and alkali treatment in fibrous feeds may be due to
breakage of ester bonds of uronic acids in
hemicelluloses (Rodriguez et al., 2002; Ramirez et al.,
2007). Klopfenstein et al. (1972) reported 7.30%
decrease of ADF content in maize stover treated with
sodium hydroxide (5%). Treatment of wheat and rice
straw with dilute sulfuric acid resulted reduction in
ADL content up to 27.31 and 37.50%, respectively.
Chen et al. (2009) also recorded 12.20% reduction in
lignin content of maize stover after treatment with
dilute sulfuric acid (1.50%). The degradation rate of
hemicellulose content in wheat and rice straws treated
with calcium hydroxide and sodium hydroxide was
significantly high than that of other treatments,

whereas treatment with urea caused significant
increase in cellulose content. This is mainly due to
the cleavage of alkali labile linkages between lignin
and structural polysaccharides (Buettner et al., 1982).
Ammoniation of feed sources with urea also results in
swelling and increased flexibility of fiber (Saenger et
al., 1982).

Cell content is an important forage quality
parameter mainly associated with total soluble
carbohydrates or non structural carbohydrates. In this
study, alkali treatments were effective in increasing
cell content in rice straw and wheat straw (Table-1
and Table-2). Chen et al., (2009) reported that lime
treatment hydrolyzed 14.80% of hemicellulose into

TABLE  1
Effect of different chemical treatments on nutritional composition of wheat straw

Parameters Untreated Urea Aq. NaOH Ca(OH)2 NaCl Dil.
(4.50%) Ammonia (2%) (0.4g/gm) (2%) H2SO4

(10%) (1.50%)

CP (%) 3.85e 6.18cd 6.07d 6.77bc 6.65cd 9.57a 7.35b

TC (%) 7.14d 4.87f 18.35a 11.33c 6.30e 13.86b 13.78b

NDF (%) 82.53a 79.66b 79.73b 67.00d 65.73d 82.06a 73.93c

ADF (%) 51.53a 51.73a 49.33b 49.26b 48.80b 47.27c 46.20d

IVDMD (%) 49.33e 58.27a 56.67b 55.80bc 54.80c 52.67d 54.80c

CC (%) 17.47d 20.34c 20.27c 33.00a 34.27a 17.94d 26.07b

ADL (%) 7.80a 7.06b 6.80b 6.80b 6.73b 6.73b 5.67c

HC (%) 31.00b 27.93c 30.40b 17.74d 16.93d 34.80a 27.73c

CL (%) 43.73b 44.67a 42.53c 42.47c 42.07c 40.53d 40.53d

Ash (%) 2.30c 2.70bc 2.80bc 3.00b 2.67bc 4.13a 4.20a

TP (mg/g) 8.71a 6.99cd 7.33bc 6.96cd 6.72cd 6.35d 7.93b

SP (mg/g) 3.33a 2.94b 2.60c 2.70c 2.26d 1.90e 2.33d

TT (mg/g) 5.38ab 4.05c 4.73bc 4.26c 4.46c 4.45c 5.60a

TABLE  2
Effect of different chemical treatments on nutritional composition of rice straw

Parameters Untreated Urea Aq. NaOH Ca(OH)2 NaCl Dil.
(4.50%) Ammonia (2%) (0.4g/gm) (2%) H2SO4

(10%) (1.50%)

CP (%) 5.48c 8.98a 9.10a 7.35b 5.72c 7.35b 6.07c

TC (%) 6.87d 8.57c 6.11de 6.08de 4.72e 10.80b 12.35a

NDF (%) 76.40a 77.93a 77.20a 69.46d 71.00c 70.26cd 72.86b

ADF (%) 48.60b 49.40a 46.53d 46.46d 47.53c 45.33e 45.60e

IVDMD (%) 45.67d 56.20a 56.07a 54.13b 55.47ab 52.07c 53.80bc

CC (%) 23.60d 22.07d 22.80d 30.54a 29.00b 29.74ab 27.14c

ADL (%) 4.80a 4.20b 4.20b 4.00b 3.47c 3.47c 3.00d

HC (%) 27.80b 28.53b 30.67a 23.00d 23.47cd 24.93c 27.26b

CL (%) 43.80b 45.20a 42.33c 42.46c 44.06b 41.86c 42.60c

Ash (%) 7.40d 8.60abc 8.80ab 8.30bc 8.00cd 9.00a 6.40e

TP (mg/g) 6.63a 6.02b 6.27ab 5.13c 3.57e 4.15d 5.46ac

SP (mg/g) 2.54b 2.90a 2.02c 1.95c 1.35d 2.00c 1.90c

TT (mg/g) 4.08ab 3.12c 4.25a 3.17c 2.22d 2.15d 3.56bc
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soluble sugar in corn stover. The level of total
carbohydrates in wheat straw was increase
significantly (157%) with ammonia treatment which
ultimately increases the digestibility and preservative
quality of feeds by inhibiting the mould growth (Abou-
EL-Enin et al., 1999). Treatment with dilute sulfuric
acid significantly increased (79.77%) the level of total
carbohydrates in rice straw.

Ash content of feed resources represents total
mineral constituents of feed (Katoch et al., 2018). The
concentration of minerals in forages depends on
interaction among number of soil and plant factors

(McDowell 2003). Among various chemical
treatments, the maximum increase in ash content of
wheat (82.61%) and rice straw (21.62%) was observed
with dilute sulfuric acid and sodium chloride treatment,
respectively (Table 1 and Table 2).

Phenolics and tannins are important anti-
nutritional factors in forages, which inhibit coarse
fodder digestion, inhibit the action of fibrolytic
microorganisms and reduce the growth of ruminal
microflora which ultimately affect digestibility and
absorption of nutrients from feeds. Total phenolics
content reduced significantly to 27.10% in wheat straw

TABLE  3
Effect of different chemical treatments on nutritional composition of sorghum sudan grass (SSG)

Parameters Untreated Urea Aq. NaOH Ca(OH)2 NaCl Dil.
(4.50%) Ammonia (2%) (0.4g/gm) (2%) H2SO4

(10%) (1.50%)

CP (%) 15.52b 18.20a 17.77a 11.55c 9.80d 10.15d 18.08a

TC (%) 9.10b 3.66d 8.12bc 14.99a 1.96e 6.72c 7.70bc

NDF (%) 53.93a 44.80e 42.66f 45.86d 48.80c 51.87b 42.73f

ADF (%) 34.93a 34.93a 33.06b 32.60bc 32.47bc 32.20c 31.40d

IVDMD (%) 54.67b 58.07a 56.53ab 58.13a 59.07a 58.07a 57.80a

CC (%) 46.07f 55.20b 57.34a 54.13c 51.20d 48.13e 57.27a

ADL (%) 5.80a 5.27b 5.00b 4.87bc 5.20b 5.00d 4.53c

HC (%) 19.00a 9.87e 9.60e 13.26c 16.33b 19.67a 11.33d

CL (%) 29.13a 29.66a 28.06b 27.73bc 27.27bc 27.20bc 26.87c

Ash (%) 3.30e 4.50b 3.73cd 4.80b 4.00c 5.20a 3.40de

TP (mg/g) 15.13a 7.04e 10.19c 4.18f 6.77e 12.01b 7.79d

SP (mg/g) 7.32a 2.26f 2.50e 2.53e 3.98d 6.09b 5.65c

TT (mg/g) 7.81a 4.78c 7.69a 1.65e 2.78d 5.92b 2.14e

TABLE  4
Effect of different chemical treatments on nutritional composition of Guria grass

Parameters Untreated Urea Aq. NaOH Ca(OH)2 NaCl Dil.
(4.50%) Ammonia (2%) (0.4g/gm) (2%) H2SO4

(10%) (1.50%)

CP (%) 12.60c 14.58b 15.37b 9.45d 9.10d 7.12e 16.41a

TC (%) 10.76d 2.41g 16.84a 13.97b 6.23f 7.49e 13.29c

NDF (%) 50.93a 46.33cd 39.60f 42.66e 46.73c 48.80b 45.73d

ADF (%) 34.73a 34.20ab 32.73b 33.33ab 33.40ab 32.87ab 30.47c

IVDMD (%) 50.53c 56.53ab 58.80a 58.07ab 56.40ab 55.87b 57.33ab

CC (%) 49.06f 53.67cd 60.40a 57.33b 53.27d 51.20e 54.27c

ADL (%) 6.53a 6.06b 5.73bc 5.87bc 5.53c 5.67bc 5.47c

HC (%) 16.20a 12.13c 6.87e 9.33d 13.20bc 15.93a 15.26ab

CL (%) 28.20a 28.14a 27.00a 27.46a 27.87a 27.20a 25.00b

Ash (%) 4.70 5.00 5.04 5.07 5.56 5.00 5.50
TP (mg/g) 5.56a 4.64b 4.35bc 2.88d 4.13c 4.36bc 5.39a

SP (mg/g) 4.21b 2.49d 2.17e 2.73c 2.78c 2.24e 4.70a

TT (mg/g) 1.35b 2.15a 2.18a 0.15d 1.35b 2.12a 0.69c

In table(s) 1 to 4, each value represents mean of three replications. In the same row, significant differences according to CRD are
indicated by different alphabets. Superscripts represent significant values at (P≤0.05). Same alphabets represent that their values are
statistically at par (P≤0.05).
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and 46.15% in rice straw treated with sodium chloride
and calcium hydroxide, respectively (Table 1 and
Table-2). In case of simple phenols, sodium chloride
treatment reduced up to 42.94% in wheat straw,
whereas 46.85% reduction was observed with calcium
hydroxide treatment in rice straw (Table 1 and Table-
2). Wheat straw treated with urea and rice straw with
sodium chloride revealed maximum significant
reduction in total tannin content from 5.38 to 4.05%
and from 4.08 to 2.15%, respectively.

For the success of any livestock production
programme, inclusion of highly digestible feed in
livestock feeding is of paramount importance. In the
present study, all chemicals treatments revealed
increase in digestibility of wheat straw and rice straw.
Among the treatments, the highest percentage increase
in digestibility of wheat straw (from 49.33 to 58.27%)
and rice straw (from 45.67 to 56.20%) was observed
with urea treatment (Table 1 and Table 2). Shen et al.
(1998) reported that urea treatment releases the free
phenolic group from the cell wall matrix that improves
the straw digestibility. Oji et al. (2007) reported
15.30% increase in digestibility of urea treated corn
husks.

The effect of different chemical treatments on
nutritional quality and digestibility of sorghum sudan
grass and Guria grass is presented Table-3 and Table-
4. Application of urea, aqueous ammonia and dilute
sulfuric acid revealed significant increase, whereas
alkali and salt treatments revealed reduction in CP
content of SSG and Guria grass. The highest increment
in CP content of SSG and Guria grass was observed
with urea (from 15.52 to 18.20%) and acid treatments
(from 12.60 to 16.41%), respectively. The significant
increase in CP content by urea treatment may be result
of two processes: a) conversion of urea into ammonia
by urease enzyme b) effect of ammonia on cell wall
constituents (Katoch et al., 2017). The reduction in
CP content of treated SSG and Guria grass might be
due to leaching of protein after washing of treated
samples. Aqueous ammonia treatment revealed
maximum significant reduction in NDF content from
53.93 to 42.66% in SSG and from 50.93 to 39.60% in
Guria grass. The dilute acid treatment revealed
maximum significant decrease in ADF content from
34.93 to 31.40% and from 34.73 to 30.47%, in SSG
and Guria grass, respectively. With all chemical
treatments, the ADL content reduced significantly in
SSG and Guria grass. The highest reduction in ADL
content of both the grasses was revealed by dilute
sulfuric acid treatment. Except sodium chloride and
urea treatments, the other chemical treatments resulted

reduction in hemicellulose and cellulose content of
SSG whereas, in Guria grass, the hemicellulose and
cellulose content reduced significantly with all
chemical treatments. The highest reduction in
hemicellulose and cellulose content of Guria grass was
observed with aqueous ammonia and acid treatments,
respectively. The maximum increase in ash content of
SSG and Guria grass was exhibited by sodium chloride
treatment (from 3.30 to 5.20%) and calcium hydroxide
treatment (form 4.70 to 5.56%). The chemical
treatments of grasses revealed variable effects on total
carbohydrate content. In SSG, the maximum
significant increment (64.73%) in the level of total
carbohydrates was observed with sodium hydroxide
treatment, whereas the aqueous ammonia treatment
revealed 56.51% increase in total carbohydrates of
Guria grass. The increase in total carbohydrates might
be due to breakdown of complex polysaccharides into
simpler units and reduction may be attributed to their
leaching after washing of samples. Treatment of
grasses with sodium hydroxide was promising in
reducing the phenolic and tannin content as compared
to other treatments. The dry matter digestibility of
grasses was significantly improved with all chemical
treatments. The highest significant increase in
digestibility of SSG (54.67 to 59.07%) and Guria grass
(50.53 to 58.80%) was observed with calcium
hydroxide and aqueous ammonia treatments,
respectively.

CONCLUSION

The study unveiled the significant effect of
different chemical treatments on nutritional
composition and digestibility of fibrous feeds
understudy. The improvement in the feeding value of
feed resources with different chemical treatments may
be attributed to alterations in nitrogen content and
breakage of bonds holding the structure of fiber and
other complexes. The cumulative grading analysis
revealed that acid hydrolysis, sodium chloride, sodium
hydroxide and aqueous ammonia treatments were
promising for improving quality and digestibility of
wheat straw, rice straw, SSG and Guria grass,
respectively. Further studies are proposed for the
validation of effect of these treatments on animal health
and productivity.
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