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al. (2012) reported that feed intake of broilers was not 
influenced by inclusion of turmeric in the diet.

nd  Feed restriction reduced the feed intake at 2 and 3rd 
week of age and at starter phase. Malpotra et al. (2017) 

nd rd th
reported lower (P<0.05) feed intake at 2 , 3  and 4  week 
in feed restricted group as compared to control. Similar 
reduction in feed intake was also reported by Zhan et al. 
(2007) and Mehmood et al. (2013). Feed intake was 
reduced due to restriction and level of restriction. Omosebi 
et al. (2014) also reported reduction in feed intake 
following restriction during 7-14 days of age. On the other 
hand, no significant effect of feed restriction on feed intake 
has been reported by Saber et al. (2011) and Afsharmanesh 

th
et al. (2016). But significantly increase in feed intake at 4  
week of age was also reported. This may be because of 
compensatory growth and higher body weight gain during 
this week.

 Combined effect of turmeric supplementation and 
feed restriction reflected the significant reduction in feed 

nd rd
intake at 2  and 3  week of age as well as during starter and 
grower phase as well as for overall period.

Effect of turmeric powder and feed restriction on FCR: 
nd rd

Better FCR was observed during 2  and 3  week of age as 
well  as  during grower phase due to turmeric 
supplementation (Table 1). Raghlad and Al-Jaleel (2012) 
and Swathi et al. (2012) also reported that addition of 
turmeric powder in the diet of broiler had significant 

th
importance in FCR. But better FCR was not observed in 4  
week of age and finisher phase. This may be because of 
higher feed intake during this week. Addition of turmeric 
powder in broiler ration did not show significant difference 
in feed conversion ratio according to findings of several 
workers (Vashan et al., 2012 and Fallah and Mirzaei, 2016).

nd
 FCR was significantly better at 2  week of age as 
well as starter phase due to feed restriction (7-15days). 

ndMalpotra (2017) reported that FCR in 2  week of feed 
restriction group was better as compared to control. 
Moreover, Omosebi et al. (2014) also observed better FCR 

th
with feed restriction. But poor FCR was observed in 4  
week of age. It may be because of significant higher feed 

thintake during 4  week of age. Combined effect of turmeric 
supplementation and feed restriction was observed as 

nd rd
better FCR during 2  and 3  week of as well as in starter 
phase. Turmeric supplementation and feed restriction are 
beneficial for poultry production and improve the feed 
conversion ratio.
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ABSTRACT

 The broilers of lines Cobb-400 and Chabro were slaughtered at the age of 21 and 42 days at the departmental slaughter house. After slaughter, the 
carcass, breast and leg weights were determined. Further, colour in terms of L* (lightness), a* (redness) and b* (yellowness), pH at 24 hrs post mortem, drip 
loss, grill loss and shear force values and muscle fiber cross sectional study of breast and thigh muscles was conducted. In general, 42 days old broilers in both 
strains showed comparatively higher carcass, breast and leg weights. Fiber cross-sectional areas of breast and thigh muscles were showing higher values in 
older birds. In younger strains, slaughter characteristics were comparable among the lines. The L*, grill loss and shear force values increased but drip loss 
and a* values decreased with the advancement of age of broilers. During storage, L* and b* values in both breast and thighs increased and a* values 
decreased in both the strains. However, no significant differences were observed among the broiler strains on meat quality parameters.

Keywords: Breast and thigh, Broilers, Chabro, Cobb-400, Muscle fiber
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 Numbers of broiler strains are now used to fulfill the 
demand of poultry meat. All of these strains have unique 
quality characteristics and are capable to grow faster with 
good feed conversion ratios. Among all, Cobb-400 is a 
broiler with best growth rate, ability to thrive on low 
density, less costly nutrition etc. Similarly, Chabro is a 
rural meat type breed with multicolour plumage and is 
early adaptable to climate. It can be used basically for 
backyard poultry farming but can be reared under 
intensive rearing system. The most important positive 
quality characteristic of this breed is hardiness and to 
tolerate the harsh environmental conditions and poor 
husbandry practices without much loss in production. The 
low productivity was also improved through husbandry 
practices, health care, supplementary feed, selection and 
cross breeding (Padhi, 2016). The data on carcass quality, 
processing ability, nutritional values, mineral components, 
colour profile of meat and muscle fibre as well as muscle 
bundle diameter of these strains are very scanty. So keeping 
all these facts in mind, a study was undertaken to compare 
the quality characteristics of Cobb-400 and Chabro meat.

MATERIALS AND METHODS

 Ten Broilers of 21 and 42 days of age were procured 
from university poultry farm and market as and when 
required. Carcass and cuts weight was measured after 12 
hrs storage at 4±2 °C. The pH was estimated using 
electronic pH meter following the standard procedure. 
Colour profile was assessed by Hunter Colour lab and 
Shear force value by Warner-Bratzler shear force using 
grilled samples.  Drip loss was calculated after weighing 
the weight of breast muscle at 72 h after slaughter and the 
drip loss was calculated as the loss of weight and was 
expressed as a percentage. Grill loss was measured after 
grilling with the core temperature of 73 °C. The values of 

different minerals were analyzed on Atomic Absorption 
Spectrophotometer. Muscle samples for the histological 
analysis were subjected to hematoxylin eosin for general 
histological examination and muscle fibre as well as 
muscle bundle diameter outlined by Jeremiah and Martin 
(1982). Specific standard staining i.e. Van Gieson’s 
staining method for collagen fibers; Weigert’s staining 
method for elastic fibers and Gomori’s method for 
reticular fibres was done as per Kiernan (2008). Sections 
were observed under light microscope.

 Data obtained in the study were repeated three times 
and all the parameters were analyzed in triplicate (n=9). 
Data were expressed as means with standard error. One way 
Analysis of variance (ANOVA) was done by comparing the 
means by using Duncan’s multiple range test (DMRT), at 
95% confidence level using a SPSS package (SPSS 16.0 for 
Windows, SPSS Inc., Chicago, IL, USA) following the 
procedure of Snedecor and Cochran (1994).

RESULTS AND DISCUSSION

 The present investigation was carried out to find out 
the differences in genetic line and age on the meat quality 
characteristics of Cobb-400 and Chabro. The study 
comprised of different aspects i.e. carcass characteristics, 
meat quality characteristics, colour profile, mineral profile 
and histological study of muscle fibers.

Carcass characteristics: The carcass characteristics of 
Cobb-400 was found superior and significantly (P<0.05) 
higher in terms of carcass weight, breast and leg weight 
than Chabro strains. Contrary to this, both breast and leg 
yields in comparison to carcass weight were significantly 
(P<0.05) higher in Chabro than Cobb-400 in both the traits 
(Table 1). These changes might be due to faster growth rate 
of Cobb-400 than Chabro at the age of 21 and 42 days. The 
higher breast and leg weight indicates the higher meat 
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yield in Cobb-400 than Chabro at different age group 
which might be due the breed characteristics. Berri et al. 
(2007) showed that mixed-sex commercial broiler breast 
muscles had higher weight than indigenous genetic lines. 
Knowles et al. (2008) also advocated that genetic selection 
in domesticated broiler chickens has brought about 
significant improvements in the form of increasing meat 
yields and growth performance.

Meat quality characteristics: The meat quality 
characteristics of the breast muscle depending on the broiler 
genetic lines was examined on the basis of pH, drip loss, 
grill loss and maximum shear force value and obtained 
data are shown in Table 1. Overall the non significant 
differences were observed in pH, drip loss and grill loss 
values between Cobb-400 and Chabro irrespective of the 
age of the birds. Individually, higher pH and drip loss was 
observed in Cobb-400 than Chabro. The scenario was 
reverse in grill loss and higher grill loss was noticed in 
Chabro as compared to Cobb-400. The shear force value 
indicates the higher values in Cobb-400 meat at the age of 21 
days while Chabro showed significantly (P<0.05) higher 
values as compared to Cobb-400 at the age of 42 days.

 Less drip loss indicates the better water holding 
capacity. It could be attributed to higher (extra) cellular 
protein concentration. It is also attributed that with increase 
in age, perimyseal space of breast muscle gets thickened and 

increases water holding capacity (Nakamura et al., 2004). It is 
also evident that higher fibre cross sectional area enhances the 
water holding capacity. The higher grill loss volume of older 
birds could be that fluid not expelling from the tissues during 
drip loss analysis is forced from the meat during grill loss 
determination. It could be attributed to structural changes 
accompanied by distribution of cells and shrinkage of 
connective tissues. Increased shear force was due to increase 
in connective tissues within the muscle twice with increase 
in age.

Colour profile: Colour profile was assessed in terms of 
L*, a* and b* values. The colour profile of 21 days Cobb-400 
meat was significantly (P<0.05) higher in L* value, while no 
significant (P>0.05) differences were observed in a* and b* 
values at the same age group (Fig.1 & 2). At 42 days birds, Cobb-
400 meat was showing significantly (P<0.05) higher L* and a* 
values and no significant (P>0.05) difference in b* values.

 The increased L* value in Cobb-400 than Chabro 
meat at 21 and 42 days age could be attributed to slight 
differences in muscle structure and composition. The 
inferior a* value in Chabro than Cobb-400 at the 42 days of 
meat could be due to decrease in heme pigment, 
myoglobin and iron concentration. Similarly decreased b* 
value in Chabro could be due to variation in variants of 
myoglobin. Bainy (2011) advocated the positive 
correlation between meat lightness and yellowness, and 

Table 1

Different characteristics of Cobb-400 and Chabro lines (Mean+SE)

Parameters 21 days old broilers 42 days old broilers

 Cobb-400 Chabro Cobb-400 Chabro

Carcass characteristics
a b a bCW (g)  1068.66  ±15.76 934.67  ± 19.64 2077.67  ±42.05 1664.33  ±21.62

a b a bBreast wt (g)  203.76  ±3.47 178.91  ±4.18 446.57  ±5.32 413.20  ±2.51
a b a bLeg wt (g)  290.61  ±5.81 263.10  ±4.55 556.05  ±5.21 496.20  ±3.46

b aBreast yield (% of CW)  19.34 ±0.54 19.15 ±0.291 20.51  ±0.60 24.63  ±0.56
b aLeg yield (% of CW)  27.54 ±0.36 27.85 ±0.58 27.08  ±0.29 30.75  ±0.60

Meat quality characteristics
pH 5.95±0.03 5.86±.04 5.95± 0.06 5.67±0.17
Drip loss % 1.27±0.01 1.22 ±0.02 0.85±0.69 0.76± 0.62
Grill loss % 24.06±0.32 24.34 ±0.18 27.34±0.45 28.05±0.25

a b b aMaximum Shear force (N) 22.80 ±1.49 21.08 ±0.45 23.26 ±0.39 27.06 ±1.06

Mineral profile (mg/100 g)
a b a bSodium  46.23 ±0.14  36.22 ±1.39  48.52 ±1.08  37.82 ±1.32

a b a bPotassium  100.17 ±2.41  79.96 ±3.02  108.70 ±3.93  84.77 ±1.95
a b a bIron  5.95 ±0.09  4.78 ±0.03  7.96 ±0.05  6.43 ±0.11
b a b aZinc  3.10 ±0.01  5.78 ±0.02  3.69 ±0.02  5.97 ±0.02
a b a bManganese  0.06 ±0.008  0.04 ±0.017  0.09 ±0.011  0.06 ±0.023

Muscle fiber and muscle bundle diameter ( m)
a b a bMuscle fiber diameter 9.37 ±0.13 5.34 ±0.17 10.78 ±0.43 6.18 ±0.08

a b a bMuscle bundle diameter 57.33 ±79 45.93 ±3.39 59.51 ±0.48 49.99 ±0.68

Means bearing different superscripts (a, b) within row differ significantly (P<0.05).
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Castro et al. (2008) reported negative correlations between 
water-holding capacity and lightness and yellowness. The 
greater protein denaturation leads to more damage in the 
muscle fibers, consequently reducing its capacity to retain 
water and negatively affecting their functional properties. 
It is also evident that denatured protein transmits less light 
through the muscle surface and disperses more light, 
leading to pale colour of meat.

Mineral Profile: In general, higher mineral contents were 
noticed in 42 days old meat than 21 days meat of both 
Cobb-400 and Chabro (Table 1). Quantity wise 
significantly (P<0.05) higher sodium, potassium, iron and 
manganese were present in Cobb-400 than Chabro meat in 
respective of age. However, zinc was significantly 
(P<0.05) higher in Chabro as compared to Cobb-400 in 
both of the age groups. The advancement of bird’s age 
showed higher minerals irrespective of broiler line. It 
indicates the tendency of enhancement of minerals in meat 
on advancement of the age of chicken. The similar pattern 

Fig. 2. Colour Profile of 42 days broiler lines

Fig. 1. Colour Profile of 21 days broiler lines

Fig. 3: Histoghraph showing collagen in breast and thigh meat of 21 days old Cobb-400 and Chabro
Cobb-400 (Thigh) Chabro (Thigh) Cobb-400 (Breast) Chabro (Breast)

Fig 4: Histoghraph showing reticulin in breast and thigh meat of 21 days old Cobb-400 and Chabro

Fig. 5: Histoghraph showing elastin in breast and thigh meat of 21 days old Cobb-400 and Chabro
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of minerals was reported by Kokoszynski et al. (2016) in 
spent broiler breeders and broilers.

Muscle fibre and muscle bundle diameters: The data 
obtained on muscle fibre and muscle bundle diameter are 
depicted in Table 1. The muscle fibre diameter of 21 days 
old Cobb-400 and Chabro both was less than 42 days old 
birds. It could be due to the muscular development with 
advancement of the age. The significant (P<0.05) 
differences in muscle fibre diameter of both the age groups 
were noticed which might be due to the tendency of the 
birds' muscular development.

 Muscle bundle diameters were showing the same 
pattern, bundle diameter was higher in 42 day old birds’ 
meat than 21 days. Within the age group, Cobb-400 
showed significantly (P<0.05) higher muscle bundle 
diameter than Chabro. The reason might be the fast 
growing muscle of Cobb-400 than Chabro muscles. 
Rehfeldt et al. (2000) reported that most studies in pigs 
have indicated that selection for lean growth is associated 
with increases in both fiber size and number. The extent to 
which fiber number can be modified to increase breast 
muscle mass in the chicken has still to be investigated.

Collagen: Comparison of 21 days thigh and breast 
muscles of Cobb-400 and Chabro meat indicated that 
Cobb-400 thigh and breast meat both had comparatively 
more collagen than Chabro meat (Fig. 3). It could be due to 
inherent property of greater development of muscle in 
Cobb-400 than Chabro. However, no significant 
differences in intramuscular collagen were reported by 
Roy et al. (2006) in Red Cornish and New Hampshire 
stock. The total collagen content was reported higher in leg 
muscles than breast muscles of chicken by Voutila (2009). 
However, in present study breast muscles of both lines 
were showing higher collagen than thigh muscle which 
could be due to the age of chicken.

Reticulin: Reticulin fibres in muscles of 21 days Cobb-400 
and Chabro thigh and breast muscles was showing higher 
presence in Cobb-400 than Chabro (Fig 4). It could be 
attributed to the higher muscle development in commercial 
broiler like Cobb-400 than originally backyard poultry breed 
like Chabro. These differences might be due to growth 
tendency as reported by Mahon (1999) and differences 
between the breeds as advocated by Voutila (2009).

Elastin: The pattern of elastin fibres present in Cobb-400 
and Chabro was not clearly defining the differences in 
between because they are mostly present surrounding the 
blood vessels. So it can be illustrated that both of the strains 
of chicken were having almost similar pattern (Fig. 5). 
These differences might be due to age of the studied 
chicken and differences between the breeds as suggested 

by Voutila (2009). The histological pattern on 42 days meat 
of both Cobb-400 and Chabro was not conducted in the 
study. So it can’t be commented on the quality of structural 
fibres present in meat of these birds.
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ABSTRACT

 One hundred forty seven adult (>1 year age) dairy animals (67 cattle and 80 buffaloes) suffering from diarrhoea from sub-tropical and 
temperate zones of Jammu division were screened for prevalence of balantidiasis. The overall prevalence of 10.88 per cent (14.93% in crossbred 
cattle and 7.5% in buffaloes) was recorded. Hematology revealed significant (p<0.05) decrease in Hb and TEC along with significant increase in PCV 
level and eosinophil count amongst affected animals. Significant (p<0.05) decrease in total plasma protein and albumin level along with significant 
(p<0.05) increase in the levels of fibrinogen were recorded. Electrolyte and mineral analysis revealed significant (p<0.05) decrease in the levels of 
Na, Cl and Cu. Therapeutic trial conducted on the affected animals revealed 72% and 100% efficacy of metronidazole and secnidazole, respectively.

Keywords: Balantidium coli, Cattle, Diarrhoea, Fibrinogen, Haematology, Mineral
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 Balantidiais caused by ciliate protozoa Balantidium 
coli is associated with diarrhoea in dairy animals (Islam et 
al., 2000 and Randhawa et al., 2010). The disease is 
endemic and prevalent worldwide, mostly prevalent in 
subtropical and tropical regions (Roy, 2007). Balantidium 
coli a natural inhabitant of the caecum, colon and rectum of 
apparently healthy animals, produces clinical disease 
under certain circumstances. The clinical features are 
manifested by loose feces to watery persistent foetid 
diarrhoea with dehydration, loss of body condition and 
appetite, retarded growth and reduced production of the 
dairy animals. The organism has public health importance 
and is considered to be the largest protozoal parasite of 
human. Nitro heterocyclic compounds can be used as 
therapeutic agents in the treatment of balantidiasis. 
Limited literature highlighting hemato-biochemical and 
mineral alterations during balantidia infection in cattle and 
buffaloes is available. Therefore, this study was 
undertaken to study the prevalence, hemato-biochemical, 
mineral alterations in balantidiasis affected adult dairy 
animals in North West Himalayan Region.

MATERIALS AND METHODS

 One hundred forty seven adult (>1 year of age) dairy 
animals (67 crossbred cattle and 80 buffaloes) presented 
with the history of diarrhoea over the period from July 
2017 to June 2018 were selected for the study. Each animal 
was evaluated for its faecal characteristics (consistency 
and odour), clinical parameters (rectal temperature, heart 
rate, respiration rate, colour of mucus membrane and 
hydration status. Body condition scoring (BCS) was 
performed as per 1 to 5 scale adopted by Rebhun (2008). 
Faecal samples collected directly from the rectum of 
diarrhoeic animals were examined by Stoll’s ova counting 

technique to determine the count of cysts or trophozoites as 
described by Soulsby (1982).

 Blood samples (2ml) were collected from balantidiasis 
positive animals (cattle-10; buffaloes-6) and 12 healthy 
animals (cattle-6; buffaloes-6) in EDTA coated vacutainer 
vials and examined for Hb, PCV, TEC and TLC using 
Mythic 18 Vet Hematology analyser, Compact 
Diagnostics Pvt. Ltd. India and DLC as per Weiss and 
Wardrop (2010). For estimation of biochemical constituents 
and mineral profile, blood samples were collected by 
jugular venipuncture into 30 ml stoppered mineral free 
heparinised glass vials (dipped overnight in 2N HCL). 
Plasma was separated within 2-3 hours by centrifugation at 
3000 rpm for 15 minutes and was stored at -20 °C. Total 
plasma protein (TPP), albumin, sodium (Na), potassium 
(K), chloride (Cl), calcium (Ca), inorganic phosphorus (Pi) 
and magnesium (Mg) were estimated using diagnostic kits 
procured from Erba Mannheim and Agappe diagnostics 
Ltd. Fibrinogen was estimated by heat precipitation 
method (Weiss and Wardrop, 2010). Estimation of trace 
minerals was done by digesting 3 ml of plasma sample in 
distilled concentrated nitric acid AR (15ml). Digestate 
(approx. 1-2 ml) was diluted to 10 ml with double glass 
distilled water. The concentrations of micro elements viz. 
Cu, Zn and Fe were measured by Polarised Zeeman 
Atomic Absorption Spectrophotometer (Z-2300, 
HITACHI).

 To study therapeutic efficacy, 12 dairy animals 
suffering from balantidiasis were equally divided into two 
groups. Group-I (n=6) animals were treated with 
secnidazole @10 mg/kg body weight orally single dose 
whereas ,  Group-II  (n=6)  animals  were  given 
metronidazole @ 10mg/kg body weight orally. Faecal and 
blood samples from both the groups were collected on day 0 
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