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Utilization of biscuit waste in the ration of growing goat bucks
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India is the highest milk producing nation in the world
[187.75 million tonnes, 2018–19] and for sustaining this
status, sufficient feedstuffs are required (ARDB 2020), but
there is a worldwide shortage of feedstuffs. The deficit of
green fodder, dry fodder, and concentrates in India will
increase by 23, 40 and 38%, respectively by 2025
(Anonymous 2016–17). The only option to bridge the gap
between demand and supply of feedstuffs is to explore new
non-conventional feed resources. About 931 MT of food
waste was generated worldwide in 2019. The household
food waste estimate is 50, 59 and 64 kg per capita per year
in India, US and China, respectively or 68.8, 19.4 and
91.6 MT a year, respectively (UNEP 2021). Substantial
quantum of biscuit waste is available in India from the
biscuit manufacturing industries. Only a few reports are
available on the utilization of biscuit waste in animal feed,
e.g. pigs (Tiwari and Dhaka 2020), broilers (Adeyemo et
al. 2013), snails (Ajasin et al. 2010) and rams (Apata et al.
2010). This study was therefore taken up to assess the impact
of biscuit waste in isonitrogenous and isocaloric ration on
the nutrient utilization and performance of goats.

The biscuit waste was procured free of cost from Cremica
Industries, Phillour, Ludhiana. It was finely ground in a
Willey mill using 1 mm screen.

The nutritional value of TMRs containing iso-
nitrogenous and iso-caloric concentrate mixtures were
evaluated by in vitro gas production technique (IVGPT;
Menke et al. 1979, Menke and Steingass 1988). Three goat
bucks fitted with permanent rumen fistulae were offered
concentrate mixture (maize 20, soybean meal 16, groundnut
extraction 15, wheat bran 20, deoiled rice bran 26, mineral
mixture 2 and salt 1% each) and green fodder in 50:50 ratio
on DM basis as per NRC (2007) feeding standard for goats.

After 24 h of incubation, a 5 mL aliquot of fluid from
each syringe was mixed with 1 mL of 25% meta-phosphoric
acid and kept for 1 h at ambient temperature (Erwin et al.
1961). Thereafter, it was centrifuged at 5,500 rpm for 10 min
and clear supernatant was collected and stored at 20ºC until
analyzed. The volatile fatty acids were estimated using

Netchrom 9100 gas chromatograph (Cottyn and Boucque
1968).

A 106 days feeding trial was conducted on 10 growing
Beetal goat bucks (average live weight 43.03±1.18 kg)
randomly distributed into two equal groups. The animals
in control group were fed TMR containing concentrate
mixture [Rice broken (Kani) 31, soybean meal 15,
groundnut extraction 16, rice bran 35, mineral mixture 2
and salt 1% each] and green berseem (Trifolium
alexandrinum) in 50:50 ratio on DM basis as per NRC
(2007) feeding standard. Those in experimental groups were
fed TMR in which rice kani was replaced with biscuit waste
in isonitrogenous and isocaloric concentrate mixture
(Table 1). The daily record of feed intake and orts was
maintained. The bucks were weighed for 3 consecutive days
every fortnight and the feeding schedule was revised
accordingly. The animals were stall fed individually at 9:00
AM daily and had free access to fresh water twice a day and
were taken out in the yard for 1 h exercise daily.

A 7-day digestion-cum-metabolism trial was conducted
by adopting standard procedure. The animals were kept
individually in specially designed metabolic cages where
urine and faeces were collected automatically in separate
containers. The fresh pooled faecal and urine samples were
analyzed for nitrogen only (AOAC 2007).

The rumen studies were conducted on 3 adult Beetal
goat bucks fitted with permanent rumen fistula, in 1st trial;
animals were offered control TMR once a day at 9.00 h as
per NRC (2007). After 30 days adaptation period, rumen
contents were collected at 0, 2, 4, 6, 8, 12 h post feeding
for 3 days. Equal quantity of strained rumen contents (SRC)
from each collection were pooled for the respective animal.
The samples were stored in a refrigerator till analyzed for
VFAs. In 2nd trial, rumen fistulated bucks were offered TMR
in which concentrate mixture contained 30% biscuit waste.
The procedure for collection, processing and preservation
of samples of rumen contents was same as adopted in 1st

trial.
A part of SRC (0 and 4 h post-feeding samples) was

processed immediately for estimation of rumen microbial
profile. Total bacteria and fungi were enumerated in rumen
fluid by roll-tube technique (Hungate 1969) and the results
were reported as colony forming units (cfu/mL rumen fluid)
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and thallus forming units (TFU/mL rumen fluid),
respectively (Saini et al. 2012). The composition of the
medium used for dilution and for total bacterial and fungal
counting were the same as described earlier (Hungate 1969,
Joblin 1981). Protozoa were enumerated by direct
microscopic counts by using a hemocytometer after fixing
one part of rumen fluid with one part of methyl green formal
saline overnight and counted microscopically (Kamra et al.
1991).

The finely ground samples of feedstuffs, orts and faeces
were analyzed for CP and total ash (AOAC 2007) and cell
wall constituents (Van Soest et al. 1991). Hemi-cellulose
was determined by difference in NDF and ADF. The fresh
fecal and urine samples were analysed for total-N (AOAC
2007). The data were analyzed by using one way ANOVA,
but that of microbial population in the rumen by 2×2
factorial design (Snedecor and Cochran 1994) by using
SPSS (2009) version 16.0 and the means were tested for
the significant difference by using Tukey’s B test and
Duncan’s Multiple Range test, respectively.

The biscuit waste contained 4.11% total ash, 0.82% acid
insoluble ash, 7.95% crude protein, 13.70% ether extract,
44.23% starch, 20.65% water soluble sugars, and 2.51%
crude fiber on DM basis, thereby indicating that it is an
excellent source of energy and moderate source of protein.
The comparable CP and EE content in both the concentrate
mixtures indicated that these were iso-nitrogenous and iso-
caloric (Table 1). The in vitro gas production studies
revealed that the net gas production (NGP) was improved
(P<0.01) in TMR containing biscuit waste (Table 2). The
total and individual VFAs concentration was also improved
(P<0.01) in TMR containing biscuit waste.

Table 1. Ingredient and chemical composition of concentrate
mixtures and green fodder

Constituent Concentrate mixture Green

Control Biscuit waste
fodder

Ingredient composition (%)
Rice kani 31 –
Biscuit waste – 30
Soybean meal 15 12
Groundnut extraction 16 14
Rice bran 35 –
Deoiled rice bran – 24
Wheat bran – 17
Mineral mixture 2 2
Salt 1 1

Chemical composition (%)
Total ash 7.68 7.76 12.40
OM 92.32 92.24 87.60
CP 21.04 20.99 18.96
EE 4.98 5.10 2.77
NDF 37.80 30.40 49.60
ADF 13.90 11.00 37.43
Cellulose 12.10 11.90 31.05
Hemicellulose 23.90 19.40 12.17

Table 2. Impact of biscuit waste in the TMR on in vitro nutrient
utilization and on the performance of growing goat bucks

Parameter Control Biscuit waste PSE P value

In vitro studies
NGP 233.33a 240.44b 1.65 0.002

Volatile fatty acid production (mM/dl)
TVFA 5.59a 6.30b 0.21 0.003
Acetate (A) 3.70a 3.96b 0.08 0.013
Propionate (P) 1.13a 1.27b 0.04 0.004
Isobutyrate 0.062a 0.079b 0.005 0.001
Butyrate 0.521a 0.779b 0.07 <0.001
Isovalerate 0.101a 0.145b 0.01 0.001
Valerate 0.074 0.069 0.002 0.185
A:P 3.27b 3.11a 0.03 0.003

In vivo studies on growing bucks
DM intake, kg/day 1.53a 1.76b 0.08 0.020

Digestibility of nutrients (%)
DM 72.34a 81.25b 2.15 0.026
OM 74.22a 82.87b 2.09 0.027
CP 80.15a 86.06b 1.39 0.020
NDF 58.70a 72.86b 3.64 0.042
ADF 49.45a 73.80b 5.52 0.014
Cellulose 58.72 77.18 3.29 0.058
HC 70.97 70.59 2.06 0.933

N-retention (g/day)
N-intake 51.25 51.82 1.18 0.828
Faecal-N 10.16 7.32 1.10 0.062
Digestble-N 41.09 44.50 1.01 0.092
Urinary-N 14.53 15.65 0.74 0.485
N-retention 26.56a 28.85b 0.77 0.013

Rumen studies

Volatile fatty acid production (mM/dl)
TVFA 4.94 5.23 0.19 0.490
Acetate (A) 3.13 3.21 0.11 0.730
Propionate (P) 1.03 1.26 0.08 0.148
Isobutyrate 0.057 0.045 0.004 0.200
Butyrate 0.593 0.581 0.014 0.699
Isovalerate 0.073 0.050 0.007 0.102
Valerate 0.060 0.083 0.006 0.026
A:P 3.04b 2.59a 0.005 0.037

Changes in body weight (kg)
Initial BW 43.10 42.92 1.18 0.944
Final BW 55.64 54.00 1.63 0.642
Gain in BW 12.54 11.08 0.87 0.432
ADG, g 118.33 104.53 8.19 0.432

NGP, ml/g DM/24 h; TVFA, Total volatile fatty acids; BW,
Body weight; ADG, Average daily gain. Means with different
superscripts in a row differ significantly.
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The results of 106 days feeding trial conducted on 10
growing Beetal goat bucks fed either control TMR or TMR
in which concentrate mixture contained 30% biscuit waste
revealed that DM intake was improved (P<0.05), resulting
in higher acceptability and palatability of TMR (Table 2),
confirming the earlier report (Apata et al. 2010). The
digestibility of all the nutrients was improved (P<0.05),
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except that of cellulose and hemicellulose which were
comparable in both the groups. The N-intake was
comparable in both the groups. The higher digestible-N in
group fed TMR containing biscuit waste was responsible
for higher (P<0.05) N-retention in growing bucks. The total
and individual VFAs concentration was comparable in both
the TMRs.

The body weight changes in the growth trial revealed
that there was no adverse effect of biscuit waste
incorporation in concentrate mixture on the gain in body
weight. The average daily gain in weight was also
comparable in both the groups (Table 2). The rumen studies
revealed that bacterial and total protozoal (both holotrichs
and entodinium) population decreased (P<0.01), while
fungal population in the rumen increased (P<0.01) in the
bucks fed diet containing biscuit waste (Table 3), resulting
in higher fibre digestion. The bacterial, fungal and total
protozoal population was higher (P<0.01) in the strained
rumen liquor before feeding as compared to after feeding.
The results conclusively revealed that biscuit waste is a
rich source of nutrients that can be incorporated in the
concentrate mixture at 30% on DM basis without affecting
palatability, nutrient utilization and body weight gain in
goat bucks.

SUMMARY

A feeding trial of 106 days was conducted to assess the
impact of incorporating biscuit waste in the iso-nitrogenous
and iso-caloric TMRs on the in vitro nutrient utilization
and on the performance of growing goat bucks. The biscuit
waste is an excellent source of EE (13.70%), starch
(44.23%) and moderate source of CP (7.99%). The in vitro
gas production studies revealed that the NGP, total and
individual VFAs concentration improved significantly in
TMR in which concentrate mixture contained biscuit waste.
The DM intake, digestibility of the nutrients and N-retention
was improved significantly in growing bucks fed TMR
containing biscuit waste. The rumen studies revealed that
bacterial and total protozoal population decreased, while
fungal population in the rumen increased significantly in
the bucks fed diet containing biscuit waste. The bacterial,
fungal and total protozoal population was higher in the
strained rumen liquor before feeding as compared to after
feeding. The total and individual VFAs concentration was
comparable in both the TMRs. The results conclusively

revealed that biscuit waste a rich source of nutrients can be
incorporated in the concentrate mixture at 30% on DM basis
without affecting palatability, nutrient utilization and body
weight gain in growing goat bucks.
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