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Effect of feeding raw or water soaked rapeseed cake on carcass characteristics and
meat quality in kids
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ABSTRACT

Growing male kids (18) of 11.10± 0.77 kg BW, 6 months age were randomly assigned to 3 dietary treatments of 6
each. Groundnut cake of the concentrate mixture of control group (GNC) was replaced by rapeseed-mustard cake
(RMC) in group 2 and 3, but the concentrate in group 3 was soaked with water (1:3) overnight and fed as mixed ration
(sani) with wheat straw. In other groups, respective concentrate mixtures were offered in the morning and wheat straw
was offered ad lib. During an experimental period of 180 days, fortnightly body weight changes of kids were recorded.
The glucosinolates (GLS) content of RMC was 149.50 μmol/g DM which was reduced by 31.96% after overnight water
soaking. DM intake in group 3 was reduced as compared to other groups. All the kids were slaughtered at the end of the
experimental feeding. Preslaughter weight (PSW), carcass yield,  carcass length and loin eye area of kids were similar
between control and group 2, while all of these were significantly (P<0.05) lower in group 3 than that in control group.
While yield of wholesale cuts and, edible and non-edible visceral organs were comparable among groups, weight (g/kg
of PSW) of liver and pluck was significantly higher in groups 2 and 3 than in control group. Chemical composition,
physico-chemical properties and thiocyanate concentration of Longissimus  dorsi (LD) muscle did not differ significantly
among groups. Organoleptic scores of pressure cooked LD muscle sample with salt (1.5% w/w) were comparable
among the groups; however, tenderness score was slightly poor in groups 2 and 3. It may be concluded that despite
reduction in GLS content of RMC based supplement by overnight water soaking, its feeding as mixed ration (sani) to
growing  kids had no positive effect in terms of meat quality attributes.
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High glucosinolates (GLS) content in the Indian varieties
(Brassica juncea) of rapeseed–mustard cake limit its potential
as a protein supplement in the ruminant rations (TERI 2003,
Ravichandiran et al. 2008). Upon ingestion, these intact
thioglucoside compounds are enzymatically (endogenous;
exogenous) hydrolysed into toxic metabolites such as
thiocyanate, isothiocyanates and nitriles which are deposited
in large amount in the vital organs and muscles (Pailan and
Singhal 2004) in addition to exerting adverse effect on DM
intake, growth performance and subsequently carcass yield
of young  ruminants. In a recent study, the kids fed high
GLS (6.2%) mustard cake based diet produced low dressed
carcass weight (400 to 421 g/kg) as compared to control (461
g/kg) which could be attributed to lower PSW as the result
of low DM intake by kids fed high GLS mustard cake based
diet (Pailan and Singhal 2004).

The adverse effects of high GLS content of RMC can be
reduced or eliminated by plant breeding, proper processing
or combination of both (Liu et al. 1995). It has been reported
that soaking water of RMC is a cheap and conventional
processing technique resulting in substantial reduction (36%)
of GLS content by endogenous enzymatic hydrolysis into
volatile metabolites (Tyagi et al. 1997). The present study
was therefore, planned to evaluate effect of feeding raw or
water soaked RMC based diet on the carcass characteristics
and meat quality attributes in growing kids.

MATERIALS AND METHODS

Experimental animals and diets: Eighteen intact male kids
(9 Jamunapari and 9 Barbari; 3 each per treatment) of about
6 months old with an average body weight of 11.10 ± 0.77
kg, were randomly allocated to 3 dietary treatments, viz.
Control, group 2 and group 3 containing groundnut cake as
major protein source, 100% replacement of groundnut cake
with RMC, and overnight water soaked RMC concentrate
mixture fed as mixed ration (sani), respectively. All the kids
were dewormed prior to experimental feeding and reared
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under uniform managerial conditions throughout the
experimental period of 180 days.

Feeding procedure: The kids were housed in a well-
ventilated shed having a provision made for individual
feeding. They were fed for maintenance and an expected daily
weight gain of 50 g/d as per the stipulated nutrients
requirement (Kearl 1982). The kids of control and group 2
were offered measured quantities of respective concentrate
mixture in the morning at 10.00 AM. Wheat straw was offered
ad lib. after ensuring complete consumption of the
concentrate. About 200g green fodder (oats/maize) was
provided to each kids for their vitamin A requirement. The
body weights of  all the kids were recorded fortnightly in the
morning, before feeding and watering and amount of
concentrate mixture offered to each animal was revised
accordingly. The animals were provided fresh and clean tap
water free choice twice daily.

Carcass studies: After 180 days of experimental feeding,
all kids were fasted overnight with free access to water and
slaughtered by standard procedures in the experimental
abattoir of the Institute after recording pre slaughter weight
(PSW). The carcass length (cm) was measured (Yeates et al.
1975). Weights of carcass (before and after evisceration),
gastro-intestinal tract (full and empty), vital organs, viz.
thyroid, liver, kidneys, lungs with trachea, heart and spleen
were recorded. The carcass was divided into 7 primal
wholesale cuts as per ISI (1963). Loin eye area (cm2) was
determined by tracing on the cut section of longissimus dorsi
(LD) muscle between the 10th and 11th rib using a butter
paper. Weight of edible and non- edible offals were recorded
and expressed as g/kg PSW. The LD muscle from left side
of the carcass from each animal in respective treatment was
pooled and deep frozen for organoleptic evaluation later. The
LD muscle from the other side of carcass was individually
preserved by deep freezing (–20°C) until further analysis.
Samples of kidney, liver, lung and thyroid gland were
collected from each carcass and preserved for analysis of
thiocyanate concentration.

Chemical analysis: The samples of feed offered and
residues left were analysed  for proximate principles (AOAC
2000) and fibre fractions (Van Soest  et al. 1991). The total
GLS content (μmol/g DM) in the extract of raw and overnight
water soaked (1:3 w/v) and sun-dried RMC was analysed
using HPLC following desulphoglucosinolates method (Sang
and Truscott 1984). The gradient of acetonitrile and water
was kept at a flow rate of 4ml/min by using the wavelength
at 226nm.

Representative samples of thawed and minced LD muscle
were analysed for chemical composition (AOAC 2000), pH
value using digital pH meter, shear force value (SFV) using
Warner-Bratzler shear force apparatus (Chrystall et al. 1973)
water holding capacity (WHC) by centrifugation technique
(Wardhw et al. 1973) and muscle pigments by acid haematin
method (Hornsey 1956). Thiocyanate concentration (μg/g)

of vital organs and  LD muscle samples was determined using
tissue extract (Bowler 1944).

Organoleptic evaluation: Pooled LD muscle samples from
each treatment group were pressure cooked with salt (15%
w/w) and subjected to organoleptic evaluation. The sensory
attributes, viz. appearance, flavour/taste, texture/tenderness,
juiciness and overall acceptability of cooked meat samples
were assessed by 8 semi-trained panelists, using an 8 point
hedonic scale as described by Piggott (1984).

The data were subjected to one way analysis of variance
as per Snedecor and Cochran (1989). Differences among the
means were ranked using Duncan's multiple range test
(Duncan, 1955).

RESULTS AND DISCUSSION

Chemical composition: The chemical composition of
wheat straw offered as basal feed was within the normal range
reported earlier (Sharma et al. 2004, Dey and Sehgal 2005).
The concentrate mixtures were isonitrogenous and
comparable with respect to other parameters related to their
proximate composition and fibre fractions (Table 1). Total
GLS content (149.50μmol/g DM) of rapeseed-mustard cake
was high and comparable to the values reported for Indian
varieties of RMC (Banday and Verma 2003; TERI 2003).
Overnight  water soaking of RMC reduced GLS content by
31.96%. Similar reduction in GLS content of water soaked
RMC was reported by Singhal and Senani (1991) and Tyagi
et al. (1997) following the water soaking of mustard cake
for a period of 12 h.

Voluntary feed intake: Intake (g/d) of concentrate moiety
was lower (P<0.01) in RMC fed groups compared to control
(Table 2), which could be attributed to the bitter taste and
pungent odour of GLS metabolites in the diet (Bell 1984,
Tripathi and Mishra 2007, Ravichandran et al. 2008). Wheat

Table 1. Ingredients and chemical composition of feeds
offered to kids

Attributes Concentrate mixture Wheat straw

Control Group 2 Group 3

Ingredients composition (% as such basis)
Maize 30.00 29.00 29.00 –
GNC 30.00 – – –
RMC – 43.00 43.00 –
Wheat bran 37.00 25.00 25.00 –
Mineral mixture 2.00 2.00 2.00 –
Salt 1.00 1.00 1.00 –
Chemical composition (% DM)
OM 91.95 91.15 91.15 91.20
CP 22.70 22.90 22.90 3.68
EE 2.18 2.11 2.11 0.76
Total Ash 7.45 8.04 8.04 8.15
NDF 35.31 37.43 37.43 80.10
ADF 13.37 13.04 13.04 50.74
GLS (μmol/g DM) – 64.28 43.74 –
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straw intake (g/d) was significant (P<0.05) lower in RMC
sani primarily due to low DM intake from moistened straw
moiety as reported by Peacock (1996) who suggested that
DM intake have shown to be lower in goats fed high
moistened feed and fodders.

Slaughter and carcass characteristics:  The slaughter
weight (PSW and EBW) of kids fed group 2 diet was
camparable to control or group 3, while it was lower (P<0.05)
in group 3 than control group (Table 2) due to lower DM
intake. The carcass weights (kg) taken after skinning and
evisceration  respectively, were comparable between control
and group 2 treatments, while these were lower (P<0.05) in
group 3. Dressed carcass weight of kids was similar between
control and group 2 (462.8 vs 461.8 g/kg of PSW) and these
values were comparable to values reported earlier in Barbari
kids (Sebsibe and Mathur 2000). However, dressed carcass
weight was lower (P<0.01) in group 3 which could be
attributed to lower PSW as dressed carcass weight is reported
to be directly related to PSW (Sen et al. 2004).

The carcass length (cm) and loin eye area (cm2) were
significantly (P<0.05) lower in group 3 than in control group,
though both parameters in group 2 and control were
comparable. The lowest loin eye area was (4.77 cm2) in group
3 and highest 6.24 cm2 in control. These observations are in
agreement with these of Pal Agnihotri (1999) in goats. They

further observed that animals with heavier carcass weight
within each weight category having higher loin eye area
resulted in better dressed carcass weight. The yield of
wholesale cuts (g/kg of carcass weight) was comparable
among dietary treatments. Leg contributed maximum to hot
carcass followed by shoulder, breast and shank, irrespective
of the dietary treatments as recorded in Barbari male kids
(Agnihotri and Pal 1997).

Yield of visceral organs: The weight of visceral organs,
thyroid and GIT (g/kg of PSW), and edible:non edible ratio
did not differ significantly (P>0.05) among the treatments
(Table 3). However, weight of pluck (liver, lungs with trachea
and heart) was higher (P<0.05) in RMC fed groups due to
liver enlargement (P<0.05). The present results are in
agreement with, earlier reports in different species fed with
RMC (Papas et al. 1979, Bourdon and Aumaitre 1990).
Higher GLS content of RMC based diets increased the liver
size since liver is the major organ detoxifying the GLS
derivatives (Mandiki et al. 2002).

Chemical composition and physico-chemical properties
of meat: The chemical composition of LD muscle was
comparable (P>0.05) among the treatments (Table 4) and
the mean moisture, protein, fat and ash content of LD muscle
were similar to the reported values in Barbari kids (Agnihotri
and Pal 1997). Physicochemical properties of LD muscle
did not vary among the treatments. However, shear force
value (SFV) of LD muscle (<5.5kg/cm2 ) in RMC fed groups
was usually considered as objectionably tough (Shackelfold
et al. 1991). The variation in SFV may be attributed to the
differences in post-mortem carcass treatment, age, live weight
and the types of muscles used (Dhanda et al. 1999)

Table 2. DM intake, carcass characteristics and yield of
wholesale cuts in growing kids fed raw or water soaked RMC

Attributes Treatments SEM

Control Group 2 Group 3

DM intake (g/d)
Concentrate** 192.46a 166.17b 159.04b 4.07
Wheat straw* 136.98a 142.66a 111.66b 4.60
Total DM* 329.44a 308.83a 270.69b 9.00
Carcass characteristics
Pre slaughter weight 15.10a 14.27ab 11.34b 0.71

(kg)*
Carcass weight after 6.99a 6.59a 4.69b 0.37

skinning (kg)*
Carcass weight after 6.12a 6.02a 4.04b 0.36
evisceration (kg)*
Dressed carcass weight** 462.8a 461.8a 413.4b 96.1
(g/kg of PSW)
Carcass length (cm)* 52.80a 51.50ab 45.33b 1.44
Loin eye area (cm2)* 6.24a 5.78ab 4.77b 0.24
Yield of whole sale cuts (g/kg of dressed carcass weight)
Legs 329.93 317.46 324.61 6.21
Loin 71.87 66.24 69.52 2.07
Rack 85.52 94.38 82.89 2.83
Flank 30.33 27.11 33.31 0.91
Breast & Shank 199.93 197.04 200.03 2.66
Shoulder 205.21 218.27 213.07 3.43
Neck 81.92 75.53 74.02 2.62

abMean values bearing different superscripts within a row differ
significantly; *(P<0.05), ** (P<0.01).

Table 3. Yield of visceral organs and edible: non-edible ratio in g
rowing kids fed raw or water soaked RMC

Aattributes Treatments SEM

Control Group 2 Group 3

Yield of visceral organs (g/kg of PSW)
Pluck* 35.73b 40.81a 40.53a 1.42
Liver* 17.42b 19.82a 19.57a 0.67
Heart 4.41 4.20 4.52 0.22
Lung with trachea 14.05 16.82 16.52 1.27
Kidney 5.17 5.23 5.05 0.21
Testes 7.24 7.31 6.52 0.44
Head 79.63 79.63 84.62 1.42
Feet 32.91 30.72 35.83 1.23
GIT (Ful) 316.42 306.58 319.42 6.45
GIT (Empty) 83.72 86.51 86.03 4.83
Spleen 1.34 1.42 1.56 0.11
Blood 34.79 29.83 31.07 1.43
Skin 87.32 85.51 75.61 3.94
Thyroid 0.070 0.072 0.073 0.002
Edible: non-edible ratio 2.51 2.79 2.48 0.09

abMean values bearing different superscripts within a row differ
significantly; *(P<0.05), ** (P<0.01).
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Organoleptic evaluation:  Organoleptic scores obtained
for sensory attributes of pressure cooked meat sample were
similar among the treatments (Table 4). However, score
obtained for texture/tenderness of meat was slightly poor
(P<0.05) in RMC fed groups, which was a direct reflection
of high SFV (Sen et al. 2004). As animals attain
comparatively heavier weight in control group, their
concurrent deposition of  'marbling' fat increases juiciness,
thereby improving the perceived tenderness as observed in
control group as compared to RMC fed groups (Seideman
1986). Comparatively, higher consumption (P<0.05) of
concentrate in control group might also be a contributory
factor for improving tenderness of meat (McClure et al.
1994). Feeding of raw or water soaked RMC had no adverse
effect on carcass flavour as previously reported by  Hill
(1991) in lambs fed RMC based diet.

Thiocyanate concentration of vital organs and LD muscle:
Thiocyanate is a major derivative of GLS which gets
transferred to different vital organs upon ingestion of GLS
(Nicolas Mabon et al. 1999, Pailan and Singhal 2004).
Although thiocyanate concentration (μg/g) in vital organs,
viz. thyroid, kidneys and liver tissues was higher (P<0.05)
in RMC fed groups, its concentration in muscular tissues
(LD muscle) was very low (2.91 to 3.07 μg/g) and did not

differ significantly among treatments. Thyroid and kidney
have the trend to accumulate thiocyanate, and kidneys can
be considered as a way of thiocyanate elimination.

It may be concluded that groundnut cake can be replaced
with RMC in the diet of the growing kids without adverse
impact on the carcass yield and meat quality attributes.
Despite reduction in the substantial amount of GLS content
of RMC by overnight water soaking, its feeding as mixed
ration (sani) to growing kids had no positive effect in terms
of meat quality attributes; rather PSW and subsequently
carcass yield of kids were reduced due to low DM intake
from high moistened straw moiety.
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