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Goat meat production has tremendous potential in India
because there is no religious taboo on the consumption of
goat meat. There are 140.54 millions goats in India (DAHD
2010) most of which are grazed, often on poorly maintained
grass/shrub land. Intensive feeding of goats in stalls is
practiced rarely. For sustainable goat production, intensive
system of goat rearing required to be evaluated. Stall fed
goats require relatively higher energy ration as compared to
stall fed cattle. For intensive goat rearing, the quantity as
well as source of energy is important for optimum growth
rate. Fat and starch both provide energy but in ruminants
both has to be used judicially to avoid metabolic disorders
and adverse effects on the rumen microbes. The objective of
present study was to observe the effect of high energy diets,
prepared using different energy supplementations, on the
growth and metabolic status of the beetle kids in stall fed
conditions.
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ABSTRACT

Three isonitrogenous concentrates were prepared with bypass fat (BC), canola oil (COC) and refined wheat flour
(SC). The roughage source was green oat and oat hay. Beetal kids (27) were randomly divided into 3 equal groups of 9
animals each depending upon age and body weight. The concentrate to roughage ratio was fixed at 50:50. The ME
availability calculated from net gas production and chemical analysis were 11.71, 11.70 and 11.92, 10.60 KJ/kg DM for
BC, COC, SC and oat hay respectively. The DOM was highest in SC followed by COC and BC. The TDMI (g/d) was
higher in BC group and comparable in COC and SC. The DM, NDF and hemicelluloses digestibility was also higher in
BC than other 2 groups. The CP, OM and ADF digestibility were similar in all groups. There was no difference in faecal
N excretion and N-balance but urinary N was higher in BC and SC than COC. The N-retained as % absorbed was lower
in SC and higher in both the BC and COC group. The growth rate was not affected by dietary treatments over the period
of 4 months. The average daily gain was 85.48, 72.50 and 80.0 g for BC, COC and SC respectively. The 3 dietary
treatments had no significant impact on blood profile except on total cholesterol and HDL-cholesterol which increased
significantly in canola oil supplemented group. The results indicated that stall fed growing goats can be fed high energy
ration containing bypass fat.
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MATERIALS AND METHODS

Experimental diets: Three isonitrogenous concentrates
were prepared (Table 1) using bypass fat (calcium salts of
fatty acids as per Naik et al. 2007), canola oil and refined
wheat flour, designated as BC, COC and SC respectively to
increase the energy density of the diets. The roughage
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Table 1. Ingredient composition of experimental
concentrate mixtures

Parameter BC COC SC

Maize 30 30 30
Deoiled mustard cake 10 10 10
Mustard cake 10 10 10
Soybean meal 10 10 10
Deoiled rice polish 26 26.5 21
Refined wheat flour — — 9
Canola oil — 3.5 —
Bypass fat 4 — —
Rice polish 7 7 7
Mineral mixture 2 2 2
Salt 1 1 1
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source was green oats and oat hay. For chemical analysis
and in vitro studies the hay and oven dried green oat samples
were mixed in as fed ration i.e. 50:50.

In vitro gas production and chemical analysis: The 3 diets
were subjected to in vitro gas production for calculating their
energy availability and to ascertain any deleterious effect of
dietary treatments on rumen microbes according to Menke
et al. (1979). The DOM (Menke and Steingass 1988) and
ME availability (Choudhary 1999) were calculated using
equations given below :

DOM= 0.9991*gas (ml/200 mg DM) +0.595*CP (%DM) +0.181ash
(%DM) +9

ME=1.06+0.157*gas (ml/200 mg DM) +0.0084*CP+
0.022*EE+0.0081*ash (for concentrates)

ME=1.24+0.146*gas (ml/200 mg DM) +0.007*CP+ 0.0224*EE (for
roughages)

Growth trial: Beetal kids (27) were randomly divided into
3 equal groups of 9 animals each based on age and body
weight. The average age was 10 months for all 3 groups and
body weight was 17.34, 17.74 and 17.68 kg in BC, SOC and
SC groups respectively. The roughages were green oats and
oat hay. The concentrate to roughage ratio was fixed at 50:50.
The roughage was 50% hay and 50% green fodder on DM
basis. The amount of feed offered was adjusted at fortnightly
interval. The animals were fed TMR daily at 10:00 AM in
groups. The animals were housed in loose housing system
and water was available 24 h. After 1 months of feeding 5
animals from each group were selected and tied individually
for 21 days. During the last 6 days, the animals were put in
the metabolic cages and metabolic trial was conducted. Total
faeces, urine and residue was weighed daily at 9:30 AM.
Feed, faeces and residue sample were subjected to fibre
fractions according to Robertson and VanSoest (1981) and
proximate principles according to AOAC (2000). The body
weight measurement was done at monthly interval before
offering feed in the morning.

Blood sampling and analysis: Blood samples of all
3 dietary treatments of animals were collected via jugular
vein puncture at the start and at the end of experiment.
Approximately 10 ml blood was collected in clean and dry
glass vials containing heparin and immediately placed in an
ice bath. Plasma was collected by centrifugation at 1700 g
for 10 min using a refrigerated centrifuge and stored at –
20°C till these were analyzed for concentration of glucose
(Trinder 1969), total cholesterol (Allain et al. 1974), HDL-
cholesterol (Lopes-Virella et al. 1977), triglycerides
(McGrowan et al. 1983), blood urea nitrogen (Talke and
Schubert 1965), creatinine (Henry et al. 1974) and the
activities of aspartate amino transferase,AST (Bergmeyer et
al. 1976), alanine amino transferase,ALT (Bergmeyer 1980),
alkaline phosphatise, ALP (Linhardt and Walter 1965) and
ã-glutamyl transferase GGT (Szasz 1976) in chemistry
analyzer (RA-50) using autopak analyzing kits.

Statistical analysis: The statistical analysis was done
according to Snedecor and Cochran (1994) using Duncan’s

multiple range test. The software used was SPSS version 12
(SPSS, 2003).

RESULTS AND DISCUSSION

The chemical composition and in vitro gas production of
concentrates are given in Table 2. All the concentrates were
isonitrogenous and CP varied from 19.66 to 19.82%. The
fibre fractions (NDF, ADF and lignin) decreased with addition
of refined wheat flour which might be due to the fact that
BC and COC had more deoiled rice polish which has high
fibre content. Ash content was almost similar in all the
concentrates though it was higher in oat hay. The in vitro net
gas production (ml/200 mg DM) was similar in concentrates
having bypass fat and canola oil but higher in refined wheat
flour containing concentrate and lowest in oat hay. Starch in
refined wheat flour is readily fermentable carbohydrate
resulting in higher gas production which is in sync with the
findings of Getachew et al. (2004). The ME availability
calculated from net gas production and chemical analysis
were 11.71, 11.70 and 11.92, 10.60 KJ/kg DM for bypass
fat, canola oil, refined wheat flour containing concentrates
and oat hay, respectively. The DOM was highest in SC
followed by COC and BC and it was lowest in oat hay.

The digestibility coefficients of nutrients and N-balance
are given in Table 3. The TDMI (g/d) was significantly
(P<0.05) high in BC group and statistically similar in COC
and SC. This indicated effect of canola oil and refined wheat
flour on the rumen function. The DMD, NDFD and
hemicelluloses digestibility was also significantly (P<0.05)
higher in BC than other 2 groups. The CPD, OMD and ADFD
were statistically similar in all the groups. The digestibility
coefficients of fibre fraction was higher in this study than
obtained by Lallo (1996) but in that study the diet contained
26–29% sugarcane bagasse which is poorly digestible as
compared to oat hay and green fodder. The ME intake was
significantly (P<0.05) higher in BC as compared to COC

Table 2. Chemical composition and in vitro gas production
parameters of experimental concentrates and roughage

Parameter BC COC SC Oat fodder

CP 19.74 19.82 19.66 11.00
NDF 47.2 43.3 36.4 55.70
ADF 18.55 16.50 17.30 37.00
OM 89.50 89.15 89.68 85.95
Ash 10.50 10.85 10.32 14.05
Lignin
In vitro gas, ml/ 55.66 55.75 59.66 48.3

200 mgDM
ME availability*, 11.71 11.70 11.92 10.60

KJ/kg DM
DOM 78.26 78.46 82.17 66.34
Partition factor 2.81 2.81 2.75 2.73

*Calculated as per Chaudhary (1999).
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and SC. Lallo (1996) observed increased intake of energy
with increase in energy density of the diet, however Dinius
and Baumgardt (1970) reported that intake of DE remained
constant above the energy density of 10.5 MJ/kg DM. The
N- intake was higher (P<0.05) in BC and similar in COC
and SC. This was due to higher TDMI in BC group. There
was no difference in FN excretion and N-balance but UN
was higher in BC and SC than COC. This low N- excretion
with canola oil supplementation has no obvious explainable
reasons. The N-balance in growing goats obtained in this
study was quite similar to that of Lallo (1996). The N-retained
as % absorbed was significantly low (P>0.05) in SC and
higher but similar in both the BC and COC group. Schmidely

et al. (1999) studying the effect of degradation rate of energy
and protein in rumen on lactating dairy goats, reported that
the output of N in urine and the efficiency of N use for milk
output was greater, and N balance was lower, for goats fed
the rapidly degraded diet.

Initial average body weights of the kids were 18.13, 17.44
and 18.60 kg for BC, COC and SC respectively. There was
no significant difference in growth rate over the period of 4
months between the experimental groups. The average daily
gain was 85.48, 72.50 and 80.0 gm for BC, COC and SC
respectively (Table 3). The gain was highest in BC and lowest
in COC although the difference was non-significant at p value
of 0.05 level. The average body weight gain of 72–85 g/d
observed in this study was higher than 55–65 g/d, obtained
by Bhatta et al. ( (2002), but lower than 99–115 g/d, reported
by Lu and Potchoiba (1990) The DM intake and DCP intake/
kg W0.75 was significantly (P<0.05) higher in BC as compared
to other 2 groups. This intake was lower and growth rate
higher as compared to Bhatta et al. (2002) who reported that
55–65 g/d weight gain was achievable in kids with intake of
85.8 g DM and 6.44 g DCP/kg 0.75 body weight on the
pasture having tannin rich shrubs. This discrepancy between
two studies might be due to fact that in our study diet was
higher in nutrients than the diets used in earlier study. When
energy requirement for maintenance and growth according
to NRC (1981) was considered than the energy allowable
gain in g/d with the ME intake of 7.33, 5.44 and 5.19 MJ/d
theoretically should be 103.7, 42.12 and 36.05 g/d for BC,
COC and SC respectively but observed values in this study
indicates energetically more efficient gain in SC and COC
than BC group.

The concentration of all the parameters in the blood as
well as the enzyme activities were within the normal
physiological limits. The three dietary treatments had no
significant impact on blood profile (Table 4) except on total
cholesterol and HDL-cholesterol which were significantly
(P<0.05) increased in canola oil supplemented group. Our

Table 4. Blood biochemical parameters of goat kids at the start of experiment

Parameter BC COC SC Significance between
dietary treatments

0 d 120 d 0 d 120 d 0 d 120 d 0 d 120 d

Glucose, mg/dL 63.70 64.43 63.57 64.23 64.47 67.90 NS NS
Cholesterol, mg/dL 108.45 124.37a 109.98 135.80b 108.53 123.77a NS **
HDL cholesterol, mg/dL 42.57 38.17a 43.35 57.35b 45.28 39.02a NS **
TG, mg/dL 34.60 39.97 32.98 42.53 33.33 40.85 NS NS
BUN, mg/dL 14.40 14.75 15.00 15.37 14.68 14.60 NS NS
Creatinine, mg/dl 1.04 1.09 1.08 1.07 1.06 1.05 NS NS
AST,U/L 99.32 107.37 107.77 103.60 107.80 99.22 NS NS
ALT, U/L 28.40 29.47 26.62 27.88 26.63 28.12 NS NS
ALP, U/L 72.08 74.90 74.43 74.43 73.27 75.83 NS NS
GGT, U/L 26.23 27.20 23.52 25.75 23.37 25.67 NS NS

**Denotes the significant difference at P<0.05.

Table 3. Digestibility of nutrients and N-balance
of different diets

Parameter BC COC SC Pooled SE

TDMI, g/d 657.10b 491.11a 461.33a 18.90
ME intake, MJ/d 7.33b 5.44a 5.19a 0.21
DMD,% 68.66b 54.11a 58.03a 1.58
OMD,% 78.80 75.91 78.16 0.95
NDFD,% 73.04b 64.65a 68.53ab 1.39
ADFD,% 67.05 58.25 58.26 1.89
H. Cell digest,% 86.39b 81.61a 87.70b 0.66
CPD,% 65.22 60.52 67.40 2.26
DM Intake, g/kg0.75 62.50b 48.35a 44.02a 1.80
DCP Intake, g/kg0.75 4.95b 3.36a 3.39a 0.17
 N-balance
N-Intake, g/d 18.91b 15.25a 16.12a 0.27
Faecal N, g/d 6.76 6.04 5.32 0.42
Urinary N, g/d 5.43b 3.57a 5.92b 0.30
N-balance, g/d 6.71 5.63 4.88 0.38
N retained as% of 53.78ab 58.88b 40.89a 3.10

absorbed
Average daily 85.48 72.50 80.00 4.34

gain, g/d

*Different superscripts in a row vary significantly (P<0.05).
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results of plasma total cholesterol and ã-glutamyl transferase
activity of bypass fat group differ from those of Baldi et al.
(1991) who reported a significantly higher levels of these
parameters in goats fed calcium salts of long chain fatty acids.
This difference in the results could be because of high
concentration of bypass fat (6%) in their study versus a
relatively less bypass fat (4%) in our experiment. Our
findings of no effect on blood glucose and BUN levels of
bypass fat group were in agreement with Hortan et al. (1992)
who observed no effect of rumen protected lipid on these
parameters in sheep.

Cholesterol content in blood plasma was used to assess
the changes in lipid metabolism by oil feeding. The
simultaneous increase in total cholesterol and HDL-
cholesterol levels in the plasma by canola oil supplementation
in this study indicated that the oil supplementation was clearly
reflective in the plasma cholesterol level in goat and increased
total cholesterol was mostly due to the increased HDL-C
(Table 4). This was in agreement with the findings of Choi
et al. (2006) and Chen et al. (2008) who reported a significant
rise in total cholesterol and HDL-cholesterol in the plasma
of soybean oil fed sheep and lambs, respectively.

Our results indicated that growing goats could be stall
fed on high energy ration containing bypass fat or starch or
canola oil as supplementary energy source but apparent
growth rate and digestibility of fibre fractions was highest
in goats fed ration containing bypass fat.
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