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where 1 % CP reduction was done along with the addition 
of enzyme protease was comparable with control diet. 
There was no significant (P=0.05) difference in PER 
amongst all the groups fed different diets. Best (P=0.05) 
CCR was observed in the group fed diet T . CCR of T  and 1 0

T  diets fed group was comparable.3

Carcass parameters

 Non-significant (P=0.05) results (Table 4) were 
obtained in the dressing percentage and giblet weight 
(g/100 g) of meat type birds raised in ECBH amongst 
various treatments studied. Khan et al. (2011) reported that 
there was no significant (P=0.05) difference in dressing 
percentage and giblet weight among different treatments 
where CP was reduced. Rada et al. (2013) reported non-
significant (P=0.05) differences in the carcass parameters 
among various treatments irrespective of addition of 
enzyme protease.

 Feeding low CP diets with constant ME:CP ratio 
could not impact the carcass parameters and abdominal fat 
percentage in broiler chickens (Kamran et al, 2008). 
Reducing the crude protein level in the diet increased the 
abdominal fat content. The highest (P=0.05) amount of 
abdominal fat percentage was received in the groups fed T  1

(2.74%) and T  (3.07%) diets. However lowest (P=0.05) 2

abdominal fat content was in control (T ) diet. Addition of 0

enzyme protease to the reduced levels of crude protein 
diets could compensate the abdominal fat content. 
Increased abdominal fat at reduced CP level in study 
corroborate the results of Darsi et al. (2012) who also 
reported that, feeding reduced CP level to the birds 
increased the fat deposition in the whole body and 
abdominal cavity.

 It can be concluded that during starter phase, the 
CP level can be reduced up to 2% safely in environment 
controlled broiler houses than the standard recommended 
levels. The overall growth performance of the meat type 
birds, showed that CP level can be reduced by 1% in ECBH 
without affecting the carcass parameters. However, 
addition of enzyme protease failed to affect the various 
productive parameters in meat type birds.
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Table 3

Effect of reducing dietary crude protein level and addition of 
enzyme protease in meat type birds reared in ECBH during 

st thoverall period of experiment (1  to 35  day)

Parameters Treatments

 T T T T T S. E. M.0 1 2 3 4 

Initial body wt 53.2 53.3 53.3 53.2 53.1 0.030
c c a b a Final body wt 1321.7 1328.8 1240.5 1274.6 1249.3 10.100
c c a b a BWG (g) 1268.4 1275.5 1187.2 1221.3 1196.2 10.100

FI (g) 2847.8 2791.1 2769.5 2711.9 2748.6 20.400
ab a b ab b FCR 2.24 2.19 2.33 2.22 2.30 0.020

PER 2.20 2.38 2.34 2.33 2.38 0.027
ab b a ab a CCR 0.145 0.151 0.139 0.146 0.141 0.0015

Values with different superscripts differ significantly (p=0.05) within 
each  row

Table 4

Effect of reduction in crude protein and supplementation 
of protease in meat type birds reared in ECBH on the 

carcass parameters

Parameters Treatments

 T T T T T S. E. M.0 1 2 3 4 

Dressing percentage 54.15 54.19 55.93 53.80 55.07 0.34

Heart wt (g/100g) 0.47 0.48 0.45 0.52 0.47 0.01

Liver wt (g/100g) 2.36 2.20 2.25 2.27 2.40 0.06

Gizzard wt (g/100g) 2.14 2.38 2.15 2.39 2.22 0.05
a b b ab ab Abdominal fat (g/100g) 1.67 2.74 3.07 2.29 2.58 0.15

Values with different superscripts differ significantly (p≤0.05) within 
each row

157

ABSTRACT

 The study was conducted to assess the effects of brown seaweed (BSW) supplementation on different blood metabolites in adult female goats. 
Fifteen adult female goats were randomly divided into 3 groups following randomized block design. Concentrate mixture in the Control group had no 
BSW, whereas in T  and T  group, BSW was added at 4% and 8% level, respectively. The goats were fed as per ICAR nutrient requirements (2013). 1 2

th thBefore start of experiment (day 0), on 30  and 60  day of experiment, blood samples were collected for harvesting serum. A linear increase (P<0.001) 
in serum concentration of calcium as well as superoxide dismutase activity were observed in the BSW supplemented groups. Rest of the parameters 
were comparable (P>0.05) among the groups. Thus, BSW shows a potential as a functional feed additive which can improve antioxidant status and Ca 
balance in the goats.
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 Seaweed could be a potentially valuable resource for 
animal feeding and may contribute in solving the fodder 
scarcity problem in animals (Oliveira et al., 2009). 
Seaweed consumption has been found to increase activity 
of endogenous antioxidant enzymes such as superoxide 
dismutase (SOD), glutathione peroxidase (GSH-Px) and 
sometimes catalase (CAT) (Matanjun et al., 2010). They 
are rich in soluble dietary fibers, proteins, minerals, vitamins, 
antioxidants, phytochemicals and polyunsaturated fatty 
acids but are low in caloric value. Brown seaweed also 
contains a large amounts of both macro (Ca, Mg, Na, P and 
K) and trace elements (Zn, I and Mn) with higher contents 
of iodine (I) and calcium (Ca) compared with other feeds 
(Matanjun et al. 2009). Seaweeds are valuable alternative 
feeds for livestock, mostly as sources of valuable chelated 
micro-minerals, the availability of which is higher than 
that of inorganic ones; complex carbohydrates with 
prebiotic activities; pigments beneficial to consumer 
health (Evans and Critchley, 2014). Considering the 
positive findings regarding seaweeds obtained from 
several feeding experiments, our study was planned to 
evaluate the effects of brown seaweed (BSW) 
supplementation on blood metabolites of indigenous 
goats.

MATERIALS AND METHODS

 The present study was carried out in the Animal 
Nutrition Division, Indian Veterinary Research Institute, 
Izatnagar, Bareilly.

Experimental design: Fifteen female goats (does) of 

same age were randomly divided into 3 groups (T , T  and 0 1

T ) following randomized block design. The goats were 2

randomly allocated into three dietary treatments; control 
and 2 treatment groups. Does in the control group (T ) were 0

fed a standard concentrate mixture having no BSW, 
whereas the concentrate mixture for goats in groups T  and 1

T   contained  4% and 8%  of BSW, respectively. The 2

animals were housed in a well ventilated concrete-floored 
shed with facilities for individual feeding and watering. 
Proper ethical care and management procedures were 
adopted throughout the study period according to the 
guidelines for institutional animal ethics committee for 
experimentation. They all were treated for endo and 
ectoparasites before start of the experiment.

Feeds and feeding: All the goats were offered daily a 
weighted amount of respective concentrate mixture and ad 
libitum wheat straw in the morning at 10.00 AM to meet 
their nutrient requirements for maintenance as per ICAR 
(2013). Wheat straw refusals were weighted daily on the 
next morning to estimate wheat straw consumption per day 
and sampled at weekly intervals for subsequent analysis of 
dry matter (DM) to assess the average DM intake during 
the experiment. A small amount of green berseem fodder 
(400 g on DM basis) was given to all the goats to satisfy the 
part of their respective nutrient requirements. The animals 
were provided fresh and clean tap water twice daily. 
Duration of experimental feeding was 60 days. The 
ingredients composition of concentrate mixtures is given 
in Table 1.

Blood Profile: To correlate the results of nutritional value 
*Corresponding author: drkantiraje@gmail.com
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of seaweeds, periodical monitoring of blood parameters 
was carried out. Blood samples were drawn before start of 
experiment (day 0), on day 30 and 60 of the experiment. 
About 6 ml of whole blood was collected and taken in well 
cleaned, dry, sterilized centrifuge tubes and allowed for 
clotting. After clotting, blood samples were centrifuged at 
2500 rpm for 15 min at 4 ºC and transparent straw colour 
portion were separated and stored in deep freeze (-20 ºC) 
for further analysis.

Estimation of serum enzymes: The serum samples were 
analyzed for different serum antioxidant enzymes by using 
commercial assay kits which includes Catalase (CAT) by 
Catalase Assay Kit (ELISA) by Cayman Chemical Ann 
Arbor, MI; Superoxide dismutase (SOD) by SOD Assay 
kit by SIGMA-ALDRICH Co. LLC and Glutathione 
peroxidase (GSH-Px) by Glutathione Peroxidase Cellular 
Activity Assay Kit by SIGMA-ALDRICH Co. LLC. 
A s p a r t a t e  a m i n o t r a n s f e r a s e  ( A S T ) ,  a l a n i n e 
aminotransferase (ALT) in serum was determined as per 
the method given by Reitman and Frankel (1957) and 
serum alkaline phosphatase (ALP) activity was estimated 
by the method of Kind and King (1954) using diagnostic 
kits manufactured by Span Diagnostics Limited, Surat, 
India.

Estimation of minerals in serum samples: Serum 
mineral extracts prepared by using one ml serum in a 50 ml 
digestion flask and digest with 15-20 ml triple acid 
(HNO3, H2SO4, HClO4; 4:2:1) mixture and after cooling 
make volume 50 ml by using distilled water. Calcium and 
phosphorus in serum sample were estimated using 
diagnostic kit from Span Diagnostics Limited, Surat, 
India. Concentration of trace minerals viz. zinc, copper, 

iron and manganese was estimated by using atomic 
absorption spectrophotometer.

Statistical Analysis: The experimental data generated 
were analyzed using two-way ANOVA (statistical package 
SPSS 20.0) and Duncan’s multiple range test was used to 
compare difference among the treatment groups. The P 
value less than 0.05 indicated significant difference among 
treatments by adopting standard statistical procedures 
(Snedecor and Cochran, 1994).

RESULTS AND DISCUSSION

 Data pertaining to serum antioxidant enzymes i.e. 
CAT, SOD and GSH-Px activity are presented in Table 3. 
Activity of catalase and glutathione peroxidase enzymes 
were comparable (P>0.05) among treatments over 
different period of experiment. Supplementation of BSW 
at the level of 4% and 8% of concentrate mixture significantly 
improved (P<0.001) the serum concentration of SOD. 
Similar to our results Wresdiyati et al. (2008) observed that 
supplementation of 5% and 10% seaweed powder 
increased of Cu, Zn-SOD content in the liver tissues of rats 
compared to control group. BSW show various biological 
activities, including anticoagulant, antioxidant, antiviral, 
anticancer and immunomodulating activities (Zhang et al., 
2009; Wijesekara et al., 2011). Zhang et al. (2004) reported 
that sulfated polysaccharides (BSW) play important roles 
as free-radical scavengers and antioxidants, which can 
prevent oxidative damage in living organisms. However, 
lambs fed brown seaweed Tasco (Ascophyllum nodosum) 
diets tended (P=0.07) to exhibit higher Red and white 
blood cell glutathione peroxidase across time when 
compared with controls. White blood cell SOD activity 
(mU/mg protein) also tended (P=0.13) to be greatest in 
heat induced oxidative stress lambs fed pre- or post-
harvest Tasco groups (Saker et al., 2004). Kang et al. 
(2005) observed antioxidant properties of red seaweed 
(Callophyllis japonica) in vitro. Chen et al. (2006) found 
that agaro-oligosaccharides derived from red seaweed can 
exert their in vitro and in vivo hepatoprotective effect 
through scavenging oxidative damage induce by reactive 
oxygen species. BSW is an excellent source of acid water-
soluble polysaccharide of fucoidan that has shown anti-
oxidation effect (Allen et al., 2001).

 Serum minerals status of supplemented goats is 
presented in Table 4. Supplementation of BSW at levels of 
4% and 8%, significantly (P<0.001) increase the serum Ca 
and P level, respectively, as compared to control groups. 
The increased serum concentration of Ca and P might be due 
to their increased supply through BSW supplementation. 
The level of trace minerals Zn, Cu, Fe and Mn in serum 
were comparable (P>0.05) among different treatment 

Table 1
Ingredients composition of concentrate mixtures

Ingredients (kg) T0 T1 T2

Maize 40 40 40

Wheat bran 40 40 40

SBM 17 17 17

Mineral mixture 2.0 2.0 2.0

Common salt 1.0 1.0 1.0

Brown seaweed (%) - 4 8

DCP (%) 13.72 13.78 13.85

Table 2
Chemical Composition of Feeds and Fodder (% DM Basis)

 DM CP EE NDF ADF OM Ca P

Straw 91.6 2.90 0.92 75.4 51.00 92.7 0.24 0.16

Berseem 17.2 18.16 1.52 49.75 89.63 86.6 2.32 0.36

Seaweed 90.86 7.05 2.01 21.10 20.45 54.46 1.16 0.31

Con. mix 88.9 26.82 1.60 17.72 8.46 92.12 0.89 0.42
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groups. 

 The level of serum enzymes like ALP, ALT and AST 
(Table 5) did not differ significantly (P>0.05) among different 
groups on dietary supplementation of brown seaweed at 
level of 4% and 8% to the indigenous breed of adult female 
goats. In above study, these serum enzymes level have 

within normal range so seaweed not showing any 
detrimental effect on liver function up to the level of 8% in 
diet of adult goats. Similar to our study Nogueira et al. 
(2017) have reported no significant(P>0.05) changes in 
serum AST and ALT level between ME (methanolic extract 
of Padinasanctae-crucis) treated mice and the control. 
Contrary to our result, the ethanol extract of S. binderi 

Table 3
Effect of supplementation of BSW on serum antioxidant status in goats (n=5)

Group Period Treatment P value

 Day 0 Day 30 Day 60 Mean ±SE T P T*P

CAT (U/ml)

T  88.56±3.19 89.13±1.22 89.78±2.41 89.16±1.97 0.321 0.124 0.2310

T  89.15±4.38 90.32±1.27 91.59±5.16 90.35±1.971

T  88.98±2.62 88.17±3.72 89.52±4.41 88.89±1.972

Period mean ±SE 88.90±3.40 89.21±2.07 90.30±3.99

SOD (U/ml)
a a b AT  48.56 ±1.74 50.88 ±1.51 53.68 ±2.78 51.37 ±1.21 0.051 0.000 0.0040

a b bc BT  49.18 ±1.53 54.94 ±1.23 56.32 ±1.36 53.15 ±1.211

a bc c BT  49.21 ±3.42 55.88 ±1.28 58.72 ±2.75 54.60 ±1.212

a b bcPeriod mean ±SE 48.98 ±1.81 53.23 ±1.81 56.91 ±1.81

GSH-Px (U/ml)

T  19.87±0.91 21.20±0.55 22.13±0.94 21.07±0.54 0.234 0.089 0.1070

T  20.53±0.65 21.39±1.12 22.83±0.85 21.58±0.541

T  21.14±1.51 22.80±0.91 23.51±0.68 22.49±0.542

Period mean ±SE 20.51±0.55 21.80±0.54 22.82±0.54
abc ABMeans with different superscripts ( &  ) within row and column, respectively differ significantly

Table 4
Effect of supplementation of BSW on serum ALP, AST and ALT in goats (n=5)

Group Period Treatment P value

 Day 0 Day 30 Day 60 Mean ±SE G P G*P

ALP (IUL-1)

CON 124.4±7.97 125.5±8.04 126.9±8.19 125.6±2.77 0.918 0.923 1.000

T  120.4±1.17 120.7±1.48 122.9±0.96 121.4±2.771

T  121.9±1.81 122.8±1.44 123.1±1.12 122.4±2.772

Period mean ±SE 124.2±2.77 123.1±2.77 124.3±2.77

AST (IUL-1)

CON 81.81±9.93 81.94±8.44 82.41±8.51 82.05±4.34 0.996 0.999 1.000

T  80.69±6.44 81.06±8.37 80.81±6.76 80.85±4.341

T  79.19±4.91 79.98±5.53 80.44±7.30 79.87±4.342

Period mean ±SE 80.56±4.34 80.99±4.34 81.22±4.34

ALT (IUL-1)

CON 20.57±2.85 22.69±3.11 22.18±2.44 21.81±0.99 0.140 0.190 0.260

T  18.76±0.86 18.90±0.90 19.02±0.58 18.89±0.991

T  18.20±0.33 18.92±0.72 19.48±0.53 18.87±0.992

Period mean ±SE 19.18±0.99 20.17±0.99 20.41±0.99
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of seaweeds, periodical monitoring of blood parameters 
was carried out. Blood samples were drawn before start of 
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About 6 ml of whole blood was collected and taken in well 
cleaned, dry, sterilized centrifuge tubes and allowed for 
clotting. After clotting, blood samples were centrifuged at 
2500 rpm for 15 min at 4 ºC and transparent straw colour 
portion were separated and stored in deep freeze (-20 ºC) 
for further analysis.

Estimation of serum enzymes: The serum samples were 
analyzed for different serum antioxidant enzymes by using 
commercial assay kits which includes Catalase (CAT) by 
Catalase Assay Kit (ELISA) by Cayman Chemical Ann 
Arbor, MI; Superoxide dismutase (SOD) by SOD Assay 
kit by SIGMA-ALDRICH Co. LLC and Glutathione 
peroxidase (GSH-Px) by Glutathione Peroxidase Cellular 
Activity Assay Kit by SIGMA-ALDRICH Co. LLC. 
A s p a r t a t e  a m i n o t r a n s f e r a s e  ( A S T ) ,  a l a n i n e 
aminotransferase (ALT) in serum was determined as per 
the method given by Reitman and Frankel (1957) and 
serum alkaline phosphatase (ALP) activity was estimated 
by the method of Kind and King (1954) using diagnostic 
kits manufactured by Span Diagnostics Limited, Surat, 
India.

Estimation of minerals in serum samples: Serum 
mineral extracts prepared by using one ml serum in a 50 ml 
digestion flask and digest with 15-20 ml triple acid 
(HNO3, H2SO4, HClO4; 4:2:1) mixture and after cooling 
make volume 50 ml by using distilled water. Calcium and 
phosphorus in serum sample were estimated using 
diagnostic kit from Span Diagnostics Limited, Surat, 
India. Concentration of trace minerals viz. zinc, copper, 

iron and manganese was estimated by using atomic 
absorption spectrophotometer.

Statistical Analysis: The experimental data generated 
were analyzed using two-way ANOVA (statistical package 
SPSS 20.0) and Duncan’s multiple range test was used to 
compare difference among the treatment groups. The P 
value less than 0.05 indicated significant difference among 
treatments by adopting standard statistical procedures 
(Snedecor and Cochran, 1994).

RESULTS AND DISCUSSION

 Data pertaining to serum antioxidant enzymes i.e. 
CAT, SOD and GSH-Px activity are presented in Table 3. 
Activity of catalase and glutathione peroxidase enzymes 
were comparable (P>0.05) among treatments over 
different period of experiment. Supplementation of BSW 
at the level of 4% and 8% of concentrate mixture significantly 
improved (P<0.001) the serum concentration of SOD. 
Similar to our results Wresdiyati et al. (2008) observed that 
supplementation of 5% and 10% seaweed powder 
increased of Cu, Zn-SOD content in the liver tissues of rats 
compared to control group. BSW show various biological 
activities, including anticoagulant, antioxidant, antiviral, 
anticancer and immunomodulating activities (Zhang et al., 
2009; Wijesekara et al., 2011). Zhang et al. (2004) reported 
that sulfated polysaccharides (BSW) play important roles 
as free-radical scavengers and antioxidants, which can 
prevent oxidative damage in living organisms. However, 
lambs fed brown seaweed Tasco (Ascophyllum nodosum) 
diets tended (P=0.07) to exhibit higher Red and white 
blood cell glutathione peroxidase across time when 
compared with controls. White blood cell SOD activity 
(mU/mg protein) also tended (P=0.13) to be greatest in 
heat induced oxidative stress lambs fed pre- or post-
harvest Tasco groups (Saker et al., 2004). Kang et al. 
(2005) observed antioxidant properties of red seaweed 
(Callophyllis japonica) in vitro. Chen et al. (2006) found 
that agaro-oligosaccharides derived from red seaweed can 
exert their in vitro and in vivo hepatoprotective effect 
through scavenging oxidative damage induce by reactive 
oxygen species. BSW is an excellent source of acid water-
soluble polysaccharide of fucoidan that has shown anti-
oxidation effect (Allen et al., 2001).

 Serum minerals status of supplemented goats is 
presented in Table 4. Supplementation of BSW at levels of 
4% and 8%, significantly (P<0.001) increase the serum Ca 
and P level, respectively, as compared to control groups. 
The increased serum concentration of Ca and P might be due 
to their increased supply through BSW supplementation. 
The level of trace minerals Zn, Cu, Fe and Mn in serum 
were comparable (P>0.05) among different treatment 
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Ingredients composition of concentrate mixtures

Ingredients (kg) T0 T1 T2
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Wheat bran 40 40 40

SBM 17 17 17

Mineral mixture 2.0 2.0 2.0

Common salt 1.0 1.0 1.0
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Straw 91.6 2.90 0.92 75.4 51.00 92.7 0.24 0.16

Berseem 17.2 18.16 1.52 49.75 89.63 86.6 2.32 0.36
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groups. 

 The level of serum enzymes like ALP, ALT and AST 
(Table 5) did not differ significantly (P>0.05) among different 
groups on dietary supplementation of brown seaweed at 
level of 4% and 8% to the indigenous breed of adult female 
goats. In above study, these serum enzymes level have 

within normal range so seaweed not showing any 
detrimental effect on liver function up to the level of 8% in 
diet of adult goats. Similar to our study Nogueira et al. 
(2017) have reported no significant(P>0.05) changes in 
serum AST and ALT level between ME (methanolic extract 
of Padinasanctae-crucis) treated mice and the control. 
Contrary to our result, the ethanol extract of S. binderi 
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slightly increased the concentration of liver enzymes 
(AST, ALT and ALP) level in serum when administered at 
the rate of 200 mg/kg to rats for 14 days, ascompared with 
control (Hira et al., 2017). Although seaweeds contains 
various biological activity but their use as dietary 
supplement needs toxicological study in future.

 From the results of this, experiment it is evident that 
supplementation of BSW improved serum concentrations 
of Ca, P and SOD. Thus, BSW shows a potential as a 
functional feed additive that may increase antioxidant 

status and utilization of minerals in goat.
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