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Effect of Cotton Stems Addition on the Chemical Composition and /In Sacco
Dry Matter Digestibility of Pearl Millet Silage

R. S. Grewal', 8. Saijpaul* and S. Kaushal
Department of Animal Nutrition Punjab Agricultural University. Ludhiana. 141004, India

ABSTRACT : The possibility of using cotton stems as a roughage source in animal feeding was explored. Ground cotton stems (T2
and T3) or stems treated with 0.3% urea (T4 and T3) were ensiled with pearl millet green fodder in double lined plastic bags of 3 kg
capacity for 30 days. Formie acid (0.4% v/v) was spraved on T3 and T3 silages. The treatments were compared with pearl millet silage
alone (T1) which constituted the control. All the bags were placed in the silo pit of pearl millet silage. Results indicated that urea
treatment of cotton stems increased and formic acid application reduced dryv matter loss of the silages. Inclusion of cotton stems in the
silage significantly (p<0.03) increased CF, ADF, cellulose and ADL due to its higher cell wall content. The hemicellulose was
significantly lower m T3 (16.7%) and T3 (22.32%) as compared to T2 (23.43%) and T4 (24.6%) due to formic acid application,
Ammomnation significantly mereased NH3-N content in T4 (0.202%) and fonmic acid controlled NH3-N level in T5 (0.107%).The in
sacco drv matter digestibility was significantly higher (p<0.03) in formic acid preserved silages T3 and T35 (47.73 and 47.93%) as
compared to silages without formic acid (44.94 and 41.22 %) in T2 and T4 respectively, but lower than T1 (34.39%). It is concluded that
cotton stems can be ensiled with pearl millet fodder in 1:4 ratio with or without urea treatment. Formic acid application further increases

the silage quality. {dsian-dnst J. Anim Sci. 2003. Vol 16, No. 12: 1722-1724)
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INTRODUCTION

Approximately 0.12 million tonnes of cotton stems
(Gossvpium hirsutirn) are available annually in the Punjab
state of India. At present most of these stems are used as
domestic fuel and the dried leaves and twigs are ploughed
back into the fields. Cotton stems could become a source of
roughage for ruminants under adverse conditions or an
additional feed resource in meeting the requirements of
livestock. It could also become a drv roughage source to
reduce the cost of the ration.

High moisture fodder which are otherwise difficult to
ensile can be effectively ensiled by mixing with wheat
straw (Nandra and Chopra. 1985). Research also indicated
that increasing the dry matter of roughage decreased NH3-
N content of the silage (Kim et al.. 2001). Formic acid
restricts the growth of bacteria in silage (Bolsen et al.
1996). Addition of formic acid to forage during ensiling
improved the drv matter recovery. animal intake and energy
digestibility (Waldo. 1977). Fermentation data of lucerne
(Medicago sativa) silage containing ozone treated cotton
stems has given encouraging results (Ben-Ghedalia and
Yosef. 1989). Hence this research was planned to explore
the possibility of using cotton stems in pearl millet
(Penniseftum tvphoides) silage preparation.
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MATERIALS AND METHODS

Treatment of cotton stalks

Stems of American cotton (Gossvpium hirsutunt) were
taken after last picking from the field. The cotton stems
were chopped into 7.5 c¢cm pieces. sun dried and ground
coarsely to 2.5 mm size. Cotton stems were prepared by
spraving with 30 ml of 0.5% urea solution/100 mg material
and kept overnight for soaking. Cotton stems were ensiled
with fresh pearl millet fodder harvested after 535 days from
sowing. at pre boot stage with or without 0.4% formic acid
(on fresh basis). The ratio of the cotton stem: pearl millet
fodder was 20:80 on dry matter (DM) basis in order to
maintain the roughage DM between 30-33% at the time of
ensiling. The following silages were prepared: pearl millet
(T1), pearl millet+cotton stems (T2), pearl millet+cotton
stems+0.4% formic acid (T3). pearl millet+urea treated
cotton stems (T4) and pearl millet+urea treated cotton
stems+0 4% formic acid (T3). The cotton stems and green
fodder were mixed thoroughly and densely packed into 3 kg
capacity double lined polythene bags and tied. These bags
were placed in a large silage pit of pearl millet silage to
maintain the anaerobic environment and optimum
temperature. The bags were taken out after 50 days and
weighed to estimate dry matter loss.

Animal management and feeding

The experiment was conducted on two adult rumen
fistulated buffaloes (Bubalis bubalis) averaging 350 kg
body weight. During the experiment the animals were kept
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IMPROVEMENT OF COTTON STEM DIGESTIBILITY BY ENSILING

Table 1. Chemical composition drv matter {DM) basis of pearl
millet fodder, urea treated and untreated cotton stems.
Urea treated

Parameters Pearl millet Cotton stem
cotton stem

Dry matter 23 90 40
Organic matter 2913 9382 93.80
Crude protein 7.63 6.10 744
Crude fiber 31.34 37.28 38.20
Ether extract 2.44 1.16 1.05
Ash 8.70 4.18 4.20
Nitrogen free extract 49.66 31.28 29.11
Cellulose 42.99 397 38.93
Neutral detergent fiber 72.10 7842 7926
Acid detergent fiber 47.80 63.12 65.85
Acid detergent lignin 4.84 16.57 18.66
Hemicellulose 24.30 15.30 1341

T1: Pearl millet silage, T2: Pearl millet—cotton stems silage, T3: Pearl
nillet—cotton stems+0.4% fonnic acid silage, T4 Pearl millet—urea
treated cotton stems. T3: Pearl millet—urea treated cotton stems—0.4%»
formic acid.

in well ventilated shed with individual feeding and watering
arrangement. The animals were fed on wheat straw ad
fibitum, 5 kg oat fodder and 1.5 kg concentrate mixture
containing 30% wheat grain. 30% de-oiled mustard cake.
32% de-oiled rice bran. 3% molasses. 1% common salt and
2% mineral mixture to meet digestible crude protein (DCP)
requirements (Kearl. 1982). Clean. fresh drinking water was
provided to the experimental animals twice daily at 10 am
and 4 pm.

Processing of samples and incubation in the mimen of
fistulated animals

The silage samples were oven dried at 50°C for 48 h
and ground to 1 mm size. The /» sacco degradability of DM
was determined by the polvester bag (7x15 cm, pore size
30-35 pum) technique (Mehrez and Orskov, 1977) with 3 g
of dried sample taken in quadruplicate and incubated in the
rumen for48 h .
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Analytical techniques

The pH of the silage was determined with a digital pH
meter after macerating a 10 g representative sample of
silage in 90 ml of distilled water The remaining silage
extract was stored in a refrigerator and later analysed for
ammomnical nitrogen (NH;-N) by the method given by
Conway (1957). The dry matter was calculated by dryving
the sample at 70°C for 24 h in a hot air oven. The dried
samples were ground and used for determination of
proximate principles (AOAC, 1980) and cell wall
components (Goering and Van Soest. 1970). All data were
statistically analysed for mean and multiple range tests
according to the methods of Snedecor and Cochran (1968)
using STATG software.

RESULTS AND DISCUSSION

The average chemical composition of pearl millet green
fodder. cotton stem and 0.5% urea treated cotton stem is
given in Table 1. Pearl millet fodder had crude protein
similar to ammoniated cotton stent. but the crude fibre, acid
detergent fiber (ADF). neutral detergent fiber (NDF).
cellulose, acid detergent lignin (ADL) and hemicellulose
fractions were considerably less than cotton stem. Higher
ether extract and nitrogen free extract indicated more
soluble nutrients in pearl millet fodder compared with
cotton stem. Ammomniation of cotton stem increased the
crude protein due to urea treatment and acid detergent
lignin content as a result of binding of nitrogen to the acid
detergent fiber which exhibits lignin like properties as
proposed by Moller (1986).

Formic acid application reduced significantly (p>0.03)
the DM loss (T3 vs. T2 and T3 vs. T4) during ensiling
(Table 2) as also reported by Kim et al. (2001). Formic acid
treated silage having urea treated cotton stems gave
significantly higher crude protein value than silage without

Table 2. Chemical composition and 7# sacco dry matter digestibility (DMD) of pearl millet alone and pear] millet and cotton stem

silages

Parameters T1 T2 T3 JE! T3
Organic matter 89.91%40.08 90.75™40.21 91.05%+0.08 91.13°40.83 90.45"+0.09
Total ash 10.03°40.08 9254021 8.95°+0.08 8.86*+0.83 9.55%+0.11
Crude protein 4.56°H101 4.66°°+).02 49154033 4.65%°40.03 3.86°40.33
Crude fiber 38.52°4H).52 41.51°+0.08 42, 77°40.68 43.3°40.78 4329°40.83
Ether extract 2.06°40.03 1.51°40.03 1.36'+0.01 1.59%+0.01 1.41°+0.03
Neutral detergent fiber 75.66%+1.20 80.79%1.51 74.09%+1.21 80.43%40.61 77.03°40.30
Acid detergent fiber 49.73°H).60) 37.34%0.90 37.39440.61 33.83°40.91 34.31%40.01
Hemicellulose 23.93°H).42 2343042 16.70° .30 24.60%40.21 22.32%40.20)
Cellulose 38.68%+0.60 41.78°+0.01 41,58°40.60 41.93°40.01 40.55%40.30
Acid detergent lignin 7 83°4).92 101.44%+0.30 11.13%1.20 10.27°+0.01 10.51740.30
Dry matter loss 11.9%0.9 12.30°+0.3 10.1°1.0 13.7°£0.3 12.8°+0.7

In sacco drv matter digestibility 54.39%+1.59 44.94"+0.33 47.73%40.94 41.22°4#1.92 47.93%1.34

Values bearing ditterent superseripts in the same row differ significantly (p=0.05). T1: Pearl millet silage. T2: Pearl millet—cotton stems silage. T3: Pearl
millet—cotton stems+0.4% fonmic acid silage. T4: Pearl millet+urea treated cotton stems. T5: Pearl milletturea treated cotton stems—0.4 %o fonnic acid.



1724 GREWAL ET AL.

Table 3. Chemical characteristics of pearl millet silages

Parameters Tl T2 T3 T4 T3

pH 3.85°+0.02 3.87°+0.04 3.97°+0.06 4.56°+0.06 4.05%40.03
Ammonical nitrogen (mg/100 ¢ DM) 37.52°46.6 37.0%+1.0 36.35°40.1 206.09%£93.06  100.70°416.93
Total nitrogen (mg/100 g DM) 787.12%49.5 802.60"+2.2 822.48'+37.5  950.60"+7.32 1,038.83+50.46
Ammonical nitrogen as % of total nitrogen 7.31%40.74 7.10"40.14 44244175 21.68%0.55 9.69°+].24

Values bearing difterent superseripts in the same row differ significantly (p=0.05). T1: Pearl millet silage. T2: Pearl millet—cotton stems silage. T3: Pearl
millet—cotton stems+0.4% fornmic acid silage. T4: Pearl millet+urea treated cotton stems. T5: Pearl milletturea treated cotton stems—0.4% fonmic acid.

formic acid indicating decreased microbial degradation of
protein during ensiling (Charmley et al.. 1990). Addition of
cotton stems to the silage increased the crude fiber due to
the higher lignified nature of cotton stems. Neutral
detergent fiber fraction was less in T3 and T3 than T2 and
T4 indicating some hemicellulose solubilizing effect of
formic acid. This might be due to the breakdown of
hemicellulose fraction in acidic condition as reported earlier
(Morrison, 1979). Other fiber fractions like cellulose. ADF
and ADL remained statistically similar in treatments T2 and
T3 but was higher than control. I sacco drv matter
digestibility (DMD) was highest in pearl millet silage (T1)
and was lowest in pearl millet+urea treated cotton stem
silage. Addition of formic acid significantly (p<0.03)
improved the DMD of both untreated and urea treated
cotton stem silages. Ammoniation of cotton stems
significantly decreased (p<0.03) DMD of the silage
(41.22%) as compared to untreated cotton stems indicating
that urea treatment was ineffective in improving the silage
digestibility.

Formic acid application reduced the pH of the silages
(Table 3). The NH; released from ammoniated cotton stem
containing silages depressed the acidic action of formic acid
as apparent from the higher pH in T5 as compared to T3.
Ammoniation increased the ammonical nitrogen in T4 and
T5. The acidic conditions decreased the microbial
degradation of protein which was reflected in lower NH;-N
in silages T3 and T3 as compared to T2 and T4. Similar
results were obtained by Charmley et al. (1990). Total
nitrogen did not vary much for treatments except T4 and T3
which was significantly higher due to urea treatment. The
NH;-N as percent of total nitrogen was significantly
(p<0.05) lower in T3 and T35 silages since formic acid
successfully preserved the protein fraction in these silages
which could result in higher availability of crude protein to
the animals. Similar findings have also been reported earlier
(Rooke et al., 1988).

CONCLUSION

It may be concluded that cotton stems which otherwise
are bumt as fuel, can be used for animal feeding through
ensiling with pearl millet fodder in ratio of 20:80. Formic
acid treatment at 0.4% of fresh weight further improved the
quality of the silages. However, urea treatment before

ensiling does not have any favourable effect on silage.
Further research on animal performance with such silages is
required to quantify their feeding value.
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