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ABSTRACT

An in vitro experiment was conducted to study the in vitro cellulose disappearance of the
Sfollowing seven experimental feeds such as 1) Control feed; 2) Experimental feed (75%) + Fresh
brewery waste (25%) (EFFBW); 3) Experimental feed (75%) + Dried brewery waste (25%)
(EFDBW), 4) Fresh brewery waste (FBW),; 5) Dried brewery waste (DBW), 6) Paddy straw
(PS) and 7) Brewery waste incorporated paddy straw (BWIPS) incubated for 2, 6, 12, 24, 48
and 72 hours in Rumen Simulation Technique (RUSITEC). During initial incubation periods (2,
6, 12 and 24 hours), control feed, EFFBW, EFDBW and FBW showed higher in vitro cellulose
disappearance than other experimental feeds, whereas, during later incubation periods (48 and
72 hours), the DBW, paddy straw and BWIPS showed higher in vitro cellulose disappearance than
other experimental feeds incubated in RUSITEC. Among the feeds experimented in RUSITEC,
disappearance of cellulose was more in the control feed, EFFBW and EFDBW when compared to
other experimental feeds. Similarly, the cellulose disappearance was more in BWIPS compared
to paddy straw. The in vitro cellulose disappearance rates at all incubation periods were higher
for FBW than those for DBW.
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INTRODUCTION

Brewery waste is a byproduct of
ethanol industry which uses cereal grains as
feed stock. Distiller’s grain has a moderate
content of protein and high level of crude fibre
which makes it an attractive ingredient to be
used as ruminant feed (Rasco et al., 1989).

*Corresponding author email: annsenthil@gmail.com

Among the various cereal crop residues, paddy
straw (Oryza sativa) is the main roughage
source for majority of cattle and buffaloes
reared in Indian small holdings. However,
the nutrient digestibility of straw is very poor.
Knowledge on disappearance / degradability
of brewery waste incorporated with paddy
straw would throw more light on its usefulness
and would help to formulate complete feed for
dairy cattle. The present study was undertaken
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to evaluate the in vitro cellulose disappearance
of brewery waste incorporated paddy
straw-based feeds using Rumen Simulation
Technique (RUSITEC).

Table 1.
Per cent ingredient composition of the
control and experimental concentrate
mixtures used

Concentrate mixture (%)

Ingredient Control  Experimental
Yellow Maize 37.00 40.00
Groundnut
Cake 29.00 21.50
Wheat bran 30.50 10.00
Brewery waste 0.00 25.00
Mineral
Mixture® 1.00 1.00
Salt 1.00 1.00
Shell Grit 1.50 1.50

To every 100 kg of concentrate mixture 20 grams of
Nicomix AB,D K (Nicholas Piramal India Ltd, Mumbai)
containing Vitamin A-82500 1.U, Vitamin D3-12000 1.U,
Vitamin B -50 mg, Vitamin K-10 mg per gram was added.

*Mineral mixture supplied by Kerala Feeds Ltd. Kerala,
containing Calcium (minimum) 20 per cent, Phosphorus
(minimum) 12 per cent, Magnesium (minimum) 5 per
cent, Iron (minimum) 0.4 per cent, Copper (minimum)
0.1 per cent, Zinc (minimum) 0.8  per cent, Manganese
(minimum) 0.12 per cent, Cobalt (minimum) 0.012 per
cent, lodine (minimum) 0.026 per cent, Sulphur 1.8-3
per cent, Arsenic (maximum) 7 ppm, Lead (maximum) 20
ppm and Flourine (maximum) 0.07 per cent

MATERIALS AND METHODS

Per cent ingredient composition of
the control and experimental concentrate
mixtures used are presented in Table 1. The
dry matter (DM) composition of Control
feed, Experimental feed, Brewery waste,
Paddy straw and Brewery waste incorporated
paddy straw were carried out as per standard
procedure (AOAC, 1990). The cellulose
content of control feed, experimental feed,
brewery waste, paddy straw and brewery
waste incorporated paddy straw were carried
out as per AOAC (1990).

The in vitro cellulose disappearance
of the seven experimental feeds viz., control
feed, experimental feed with fresh brewery
waste (EFFBW), experimental feed with
dried brewery waste (EFDBW), fresh
brewery waste (FBW), dried brewery waste
(DBW), paddy straw (PS) and brewery waste
incorporated paddy straw for 3 days (BWIPS)
was determined using the rumen simulation
technique ~ (RUSITEC)  described by
Czerkawski and Breckenridge (1977). The in
vitro cellulose disappearance of experimental
feeds was studied at 0, 2, 6, 12, 24, 48 and
72 hours of incubation in RUSITEC and the
experiment was replicated.

Each RUSITEC experiment totally
consisted of 7 days adaptation period followed
by collection period. Loss in weight of nylon
bag after 0, 2, 6, 12, 24, 48 and 72 hours of
incubation in RUSITEC followed by washing
and drying was recorded to calculate in vitro
cellulose disappearance.
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In vitro
cellulose =

(weight of bag with cellulose before incubation) -
(weight of bag with cellulose after incubation)

disappearance

The data were analyzed statistically as
per the standard statistical methods given by
Snedecor and Cochran (1994).

RESULTS AND DISCUSSION

The dry matter (DM) composition
of control feed, experimental feed, brewery
waste, paddy straw and brewery waste
incorporated paddy straw were 95.15 + 0.56,
94.76 + 0.26, 29.15 + 0.43, 90.35 + 0.81 and
78.11 £ 0.63 per cent, respectively. The

x 100

weight of sample

cellulose content of control feed, experimental
feed, brewery waste, paddy straw and brewery
waste incorporated paddy straw were 4.22 +
0.24, 6.46 = 0.28, 13.14 + 0.35, 34.56 + 0.52
and 29.21 + 0.56 per cent, respectively on dry
matter basis.

Paddy Straw

The chemical composition of brewery
waste, paddy straw and brewery waste
incorporated paddy straw were presented in
Table 2.

Table 2. Per cent chemical composition of the brewery waste, paddy straw and
brewery waste incorporated paddy straw* (on DM basis)

Nutrients Brewery waste

Paddy straw

Brewery waste incorporated

paddy straw
Dry matter 29.15+0.43 90.35+0.81 78.11 £0.63
Crude protein 24.34 £ 0.60 442+0.18 9.41+0.44
Ether extract 5.19+0.18 0.86 +0.05 1.94+0.13
Crude fibre 19.62 £0.31 34.19 +£0.61 30.55+0.57
Total ash 576 £0.14 10.64 +0.25 9.42+0.18
Nitrogen free extract 45.07+0.79 49.89 + 0.64 48.69 £ 0.61
Organic matter 94.25+0.14 89.36 £0.25 90.58 = 0.18
Acid insoluble ash 442+0.15 8.76 £ 0.20 7.68+0.18

* Mean of four values + SE
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Paddy straw had higher hemicellulose,
cellulose and lignin content than those reported
by Rai and Mudgal (1987), Rai et al. (1989),
Reddy et al. (1993), Bae et al. (1997), Reddy
(1997), Mishra et al. (2000), Nguyen and
Uden (2001), Singh et al. (2001), Sohane and
Singh (2001), Singh et al. (2002) and Nader
and Robinson (2008). However, Adeloye
(2001) reported much higher hemicellulose
value of 41.64 per cent and Gangwar and
Sharma (2001) reported lower hemicellulose
value of 16.6 per cent and Rangnekar et al.
(1982) reported higher lignin value of 11.2 per
cent, while Garg et al. (2002) reported lower
lignin value of 2.70 per cent for paddy straw.
Paddy straw contained high acid insoluble
ash (8.76 per cent), but the lignin content
was lower (5.25 per cent). Rangnekar et al.
(1982) and Reddy er al. (1993) have also
reported similar findings in paddy straw. It
might be possibly due to the ash especially
silica incrustation which may act like lignin
components by blocking the cell wall structure
of paddy straw and rendering it impermeable
(Vansoest and Jones, 1968). Differences in
the chemical composition of paddy straw
obtained in present study may be attributed to
the differences in the variety of paddy straw.

Brewery waste and BWIPS

The cellulose content of brewery
waste was 13.14 £ 0.35 per cent and that of
brewery waste incorporated paddy straw was
29.21 £0.56 percent. ~ The lignin content
of paddy straw was 5.25 £ 0.27 per cent. The
lignin content of brewery waste and brewery
waste incorporated paddy straw was 7.12 £
0.26 and 5.72 + 0.28 per cent, respectively.
The results indicated that the brewery waste
had moderately high lignin (7.12 + 0.26 per

cent) content when compared with the value
of 4 to 5 per cent as reported by Murdock
et al. (1981) and Depeters et al. (1997). The
differences in the chemical composition and
fibre fractions of brewery waste observed
in the present study may be attributed to
the nature of grain used for beer making,
differences in the manufacturing process
and differences in the analytical techniques
employed (Senthilkumar et al., 2010). The low
nutritive value of paddy straw was attributed
to the presence of indigestible lignin, silica
and the manner in which it was bound to
digestible cellulose and hemicellulose. This
depressed the voluntary feed intake and
digestibility of straw (Wanapat, 1984 and
Doyle et al., 1986). Doyle (1989) reported the
supplementation of nutrients that are limiting
in paddy straw as the most practical means of
improving the nutrient utilization from paddy
straw. Chowdhury (2001) reported that the
nutritional constraints of paddy straw were
low content of readily fermentable energy,
nitrogen, minerals and vitamins. Compared to
dried brewery waste (DBW), the fresh brewery
waste (FBW) have low dry mater content, are
a reasonable protein source, and have a high
content of total digestible nutrients (TDN)
due to digestibility of available fibre (Hersom,
2006). The moisture content of fresh brewery
waste can affect the level of intake in cattle,
particularly when it is fed in combination
with fresh forages or silage. Schingoethe
et al. (1988) also reported that for every 10%
increase in dietary moisture content, the dry
matter intake decreases by 0.2 pound per 100
pound of body weight, due to the response to
gut fill and distention caused by the structural
volume of plant water held within the cell
(Balch and Campling 1962; Van Soest 1982).
Also, because NDF (cellulose, hemicelluloses,
etc) has a slower rate of fermentation and
degradation within the rumen, forages and
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feeds (BWIPS) that contain higher levels
of NDF can limit intake due to their greater
filling effect (Allen, 1996).

In vitro cellulose disappearance

The percentage in vitro disappearance
of cellulose of control feed, experimental
feed with fresh brewery waste (EFFBW),
experimental feed with dried brewery waste
(EFDBW), fresh brewery waste (FBW), dried
brewery waste (DBW), paddy straw (PS)
and brewery waste incorporated paddy straw
(BWIPS) incubated for 0, 2, 6, 12, 24, 48 and
72 hours in RUSITEC are given in Table 3and
is illustrated in Fig.1.

The in vitro cellulose disappearance
of control feed, EFFBW, EFDBW, FBW,
DBW, PS and BWIPS was 18.73, 14.42,
13.96, 13.63, 11.93, 8.43 and 12.10 per cent,
respectively at 2 hours of incubation. The
in vitro cellulose disappearance at 24 hours
incubation period was 43.70, 34.53, 31.80,
32.85, 30.88, 22.82 and 31.01 per cent for
control feed, EFFBW, EFDBW, FBW, DBW,
PS and BWIPS, respectively in RUSITEC.

The in vitro cellulose disappearance was
52.50, 51.61, 50.99, 46.24, 42.19, 30.36 and
37.84 per cent, respectively at 72 hours of
incubation in the RUSITEC.

It can be seen that among the
experimental feeds, control feed, EFFBW
and EFDBW showed relatively higher in vitro
disappearance of cellulose in RUSITEC. Paddy
straw showed lowest in vitro disappearance of
cellulose. However,the BWIPSshowedslightly
higher in vitro disappearance of cellulose
than the paddy straw. The FBW and DBW
showed intermediary in vitro disappearance of
cellulose at all incubation periods was higher
for FBW than the DBW. Durand et al. (1988)
observed a significant improvement in the in
vitro (RUSITEC) hemicellulose and cellulose
degradability when wheat straw was treated
with sodium hydroxide. Similarly, addition
of cationomycin (Ionophore) to fescue hay
based pelleted diet showed increased in
vitro (RUSITEC) NDF, ADF, hemicellulose
and cellulose degradability (Bogaert et al,
1989). Bogaert et al. (1990) found significant

Table 3. In vitro cellulose disappearance of experimental feeds
at different incubation periods (h) in RUSITEC, %

Cellulose Disappearance, %

Treatments Oh 2h  6h  12h 24h 48h  72h
Control feed 12.05 18.73 29.50 37.62 43.70 50.16 52.50
Experimental feed with fresh 9.82 1442 2095 2758 3453 47.81 51.61
brewery waste (25%)

Experimental feed with dried 922 1396 19.82 2534 31.80 47.13 50.99
brewery waste (25%)

Brewery waste (fresh) 853 13.63 20.09 2721 3285 4293 4624
Brewery waste (dried) 8.04 1193 17.28 2555 30.88 3924 42.19
Paddy straw 552 843 1297 1797 2282 28.63 30.36
Brewery waste incorporated paddy 4115 15 1603 2345 3101 3569 37.84
straw
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improvement in the in vitro (RUSITEC)
hemicellulose degradability of alfalfa or
wheat straw as a result of monensin addition.
Addition of fibrolytic enzymes (30000 nova
cellulase and 10000 nova xylanase units per
kg DM) significantly improved the in vitro
(RUSITEC) cellulose and hemicellulose
disappearance of orchard grass hay (Dong
et al., 1999). Sliwinski et al. (2002) found no
significant difference in the 48 hour in vitro
(RUSITEC) NDF, ADF and hemicellulose
degradability of basal diet (containing grass
silage, barley grain and grass hay) compared
to those with soyabean meal based diet.
A higher in vitro cellulose disappearance

(39.51 per cent) of paddy straw than that is
obtained in the present study (30.36 per cent)
in RUSITEC was reported by Senthilkumar
et al. (2007).

Among the feeds experimented in
RUSITEC, disappearance of cellulose was
more in the control feed, EFFBW and EFDBW
when compared to other experimental feeds.
Similarly, the cellulose disappearance was
more in BWIPS compared to paddy straw. The
in vitro cellulose disappearance at all
incubation periods was higher for FBW
than the DBW. A low in vitro cellulose
disappearance of 30.36 per cent was recorded
at 72 hours of incubation for paddy straw,

Fig.1. In vitro cellulose disappearance of experimental feeds at
different incubation periods (h) in RUSITEC, %
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whereas the BWIPS had improved in vitro
cellulose disappearance of 37.84 per cent at
72 hours of incubation.
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