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INTRODUCTION 

 

Antibiotics that are often used to treat illnesses in 

humans are also added to animal diets, particularly in the 

poultry industry. Antibiotic supplementation at the sub-

therapeutic level to the poultry diet is common as it reduces 

the incidence of disease and improves growth rate, feed 

efficiency, and meat quality. Furthermore, the frequent use 

of antibiotics to increase growth also compensates for 

overcrowded and unsanitary conditions. In 2011, more 

antibiotics were sold for use in meat and poultry production 

than ever before (Pew Campaign on Human Health and 

Industrial Farming, 2013). Although people enjoy the 

benefits from antibiotics used in animal production, the 

extensive use of antibiotics as therapeutics and growth 

promoters could lead to problems such as antibiotic 

residues and increased bacterial resistance. Thus, alternative 

sources of antibiotic with equal efficacy need to be 

evaluated (Bae et al., 1999). 

Farmers worldwide use different types of 

unconventional feed resources as feed additives on the basis 

of their availability and economical consideration. Sea 

tangle (Laminaria japonica) is an edible brown seaweed 

that is a popular dietary supplement and traditional marine 

foodstuff in Korea (Kim et al., 2005; Athukorala et al., 

2007). Sea tangle is enriched in protein, amino acids, 

minerals, polyphenols, and dietary fiber (Ahn et al., 2010) 

and displays several biological activities, such as 

antioxidant activity, anti-mutagenic activity, and anti-

bacterial activity (Okai et al., 1993; Wang et al., 2006; Park 
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ABSTRACT: A total of 150 growing ducks were assigned to five dietary treatments to study the effect of sea tangle and charcoal 

(STC) supplementation on growth performance and meat characteristics in a completely randomized design. There were six replicates 

and five ducklings in each replication. The five dietary treatments were control, antibiotic, and 0.1%, 0.5%, and 1% STC supplemented 

diets. No significant differences were found on ADG, ADFI, and gain:feed among treatments in different weeks. The overall (0 to 3 

weeks) ADFI decreased in antibiotic treatment (p<0.05) whereas the gain:feed increased significantly upon 1.0% STC supplementation 

compared to control (p<0.05). No significant variation was found in meat chemical composition except crude fat content which was high 

in 1.0% STC dietary group (p<0.05). Meat cholesterol was reduced in 0.1% STC group (p<0.05) compared to other dose levels while 

serum cholesterol was unaffected. High density lipoprotein (HDL) content was high in 1.0% STC (p<0.05) and low density lipoprotein 

(LDL) was low in 0.1% and 1.0% STC dietary groups (p = 0.06). No significant effect was found on the thiobarbituric acid reactive 

substances (TBARS) of fresh meat, whereas the TBARS value of meat preserved for 1 week was reduced significantly in STC dietary 

groups (p<0.05). The 0.1% STC dietary group showed an increased myristic acid (p = 0.07) content whereas, the content of 

eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids increased in STC supplementation than antibiotic group (p<0.05). An 

increased concentration of omega-3 fatty acids and a reduced ratio of n-6/n-3 PUFA ratio was found upon 1.0% STC supplementation 

compared to antibiotic dietary group (p<0.05). Therefore, 1.0% STC dietary supplementation can be used as alternatives to antibiotics in 
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et al., 2009). Seaweed contains many different types of 

polysaccharides having chemical structures related to the 

corresponding taxonomic classification of algae and their 

cell structures (Ferreira et al., 2012; Wijesinghe et al., 2012). 

Polysaccharides can act as prebiotics (substances that 

stimulate the growth of beneficial bacteria in the digestive 

tract) and exert growth-promoting as well as health-

improving effects (Vidanarachchi et al., 2009). Many are 

soluble dietary fibers and have positive effects in the 

digestive tracts of animals (i.e. alginic acid). Asar (1972) 

reported that supplementation of 4% seaweeds in chicken 

diet increased body weight gain whereas Tomova et al. 

(1980) reported no adverse effect of supplementation 3% 

and 4% seaweed meal in broiler diet on FCR and slaughter 

traits. Maurice et al. (1984) concluded that sun dried 

Brazilian elodea can be used in broiler diets at 5% without 

adversely affecting growth, FCR or dressing percentage. Gu 

et al. (1988) concluded that 2% of marine algae meal 

improved broiler performance and dressing percentage. 

Seaweed can be used in starter and finisher duck diets up to 

12% and 15% without adversely affecting growth 

performance and carcass quality (EI-Deek and Brikaa, 

2009). It is well known that activated charcoal, obtained by 

treating charcoal with chemicals, is capable of binding to 

toxins, intestinal gases, and fat due to its highly absorbent 

structural characteristics (Blacow, 1972). Activated charcoal 

is a universal adsorbent as it can bind with a variety of 

molecules (Chandy and Sharma, 1998). Dietary inclusion of 

wood charcoal in broiler diet improved broiler performance 

(Kutlu and Ü nsal, 1998). Therefore, the objective of this 

study was to evaluate the potential of sea tangle and 

charcoal (STC) supplementation as alternatives to 

antibiotics in ducks in order to meet the demands of the 

poultry industry in countries where excessive amounts of 

antibiotics are used as growth promoters.  

 

MATERIALS AND METHODS 

 

Birds, diets, and experimental design  

A total of 150 growing ducks (Cherry berry, SUPER M3 

F1; 22 days old) were used for a period of 3 weeks. The 

ducklings were assigned to five dietary treatments with six 

replications of five ducklings in each following a 

completely randomized design. Sea tangle (edible powder) 

and charcoal (livestock feed grade) were purchased from 

Suncheon, South Korea. Charcoal was ground and mixed 

with sea tangle (1:1) and used at the levels of 0.1%, 0.5%, 

and 1.0% with the basal diet. There were five dietary 

treatment groups: Control (basal diet), antibiotic (basal diet 

+0.01% Chlortetracycline), 0.1% STC (basal diet+0.1% 

STC), 0.5% STC (basal diet+0.5% STC), and 1.0% STC 

(basal diet+1.0% STC). The composition of sea tangle and 

wood charcoal are represented in Table 1. All diets were 

formulated to meet or exceed the nutrient requirements of 

growing ducks (NRC, 1994). The ingredients and chemical 

composition of the diets are shown in Table 2. 

 

Measurements and analysis  

Growth performance: Body weights were measured on a 

weekly basis from the beginning to end of the experiment. 

Feed intake was determined by measuring feed residue on a 

weekly basis from the start of the experiment. Gain:feed 

was obtained dividing the body weight gain by feed intake.  

Duck breast muscle composition: At the end of the 

Table 1. Chemical composition of sea tangle (Laminaria 

japonica) and wood charcoal (%) 

Parameters Sea tangle Charcoal 

Moisture 91.00 10.00 

CP 1.10 - 

Crude fat 0.20 - 

Carbohydrate 3.60 - 

Crude ash 3.50 3.00 

Carbon - 85.00 

Volatilize - 2.00 

pH - 8-9 

Table 2. Ingredients and chemical composition of basal diet 

(grower) 

Ingredients (% fed basis) Grower 

Yellow corn 49.59 

Wheat 15.02 

Wheat flour 3.00 

Soybean meal 18.25 

Rice polish 4.6 

Corn gluten 4.69 

Tallow  1.52 

Limestone  1.10 

DL-methionine  0.14 

Mineral mix1 0.10 

Vitamin mix2 0.10 

Salt  0.33 

Choline 50% 0.10 

Dicalcium phosphate 1.46 

Chemical composition (as fed basis)3   

ME (kcal/kg) 3,100.00 

CP % 18.00 

Lysine % 0.72 

Calcium %  0.85 

Phosphorus %  0.63 
1 Mineral mixture provided the following nutrients per kg of diet: Fe 84 

mg, Zn 72 mg, Mn 96 mg, Cu 9 mg, I 1.2 mg, Se 0.2 mg. 
2 Vitamin mixture provided the following nutrients per kg of diet: Vitamin 

A 10,000 IU, Vitamin D3 2,300 IU, Vitamin E 20 IU, Vitamin K3 2 mg, 

Vitamin B1 2 mg, Vitamin B2 5 mg, Vitamin B6 3.3 mg, Vitamin B12 0.02 

mg, Pantothenic acid 12 mg, Niacin 30 mg, Bio 0.12 mg, Folic acid 0.7 

mg.  
3 Calculated values. 
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experiment, ducklings were slaughtered and breast muscle 

samples were collected. Moisture, CP, crude fat, and ash 

percentage of meat samples were analyzed according to 

Association of Analytical Communities (AOAC, 2000) 

methods. The cholesterol content of breast meat was 

determined by gas chromatography (DS 6200, Donam, 

South Korea), according to the method described by Yang et 

al. (2003).  

Serum biochemical parameters and oxidative stability 

of duck meat: Blood samples were obtained at the end of the 

experiment by wing puncture and centrifuged at 3,000 rpm 

for 20 min. Serum was collected and then analyzed for total 

cholesterol, high-density lipoprotein (HDL), and low-

density lipoprotein (LDL) concentrations by using a blood 

analyzer (COBAS MIRA; Roche, Mannheim, Germany). To 

determine the oxidative stability of duck meat, breast meat 

samples were preserved in the refrigerator at 4.5C, and 

thiobarbituric acid reactive substances (TBARS) of meat 

were assayed for fresh meat as well as on day 7 according 

to the method of Sarker and Yang (2011). TBARS values 

were expressed as micromoles of malondialdehyde (MDA) 

per 100 g of meat sample.  

Fatty acid composition: Fatty acid composition was 

determined from breast meat by the methyl ester extraction 

method according to Yang et al. (2003). Fatty acids were 

identified by matching their retention times with those of 

their relative standards (PUFA-2, Animal Source, 

SUPELCO, Bellefonte, PA, USA) as well as by following 

the Food Composition Table (NRLSI, 2002).  

 

Statistical analysis  

Data were analyzed using the general linear models of 

SAS Institute (2003) to estimate variance components with 

a completely randomized design. Orthogonal contrasts were 

used to study the dietary effects and treatment means were 

computed with the LSMEANS option. Variability in the 

data were expressed as SE, and a probability level of 

p<0.05 was considered as statistically significant, whereas a 

trend was expressed when p<0.10.  

 

RESULTS 

 

Growth performance 

ADG, ADFI, and gain:feed were considered as growth 

parameters of duck in this experiment. The performances of 

growing ducks are shown in Table 3. Results showed that 

there was no significant variation in ADG, ADFI, or 

gain:feed of duck meat on weekly basis. The ADFI of ducks 

was significantly reduced in antibiotic treatment group 

compared to control (p = 0.08) and STC dietary groups 

(p<0.05). The gain:feed of ducks were significantly 

increased in antibiotic group compared to control dietary 

group (p<0.05) while it was also significantly increased in 

STC supplementation particularly in 1.0% STC dietary 

group (p = 0.07) compared with the control.  

 

Table 3. Least squares means for the effect of dietary sea tangle (L. japonica) and charcoal supplementation on growth performance of 

ducks1 

 

CON2 ANT3 

STC (%) 

SE4 

Orthogonal contrast5 

0.1 0.5 1.0 Treatments CON vs 

STC 

ANT vs 

STC 

Within 

STC 

0-1 week           

ADG (g/d) 133 130 136 132 139 6.57 NS NS NS NS 

ADFI (g/d) 193 186 195 189 192 4.22 NS NS NS NS 

Gain:feed 0.69 0.70 0.69 0.70 0.73 0.04 NS NS NS NS 

1-2 week           

ADG (g/d) 78.6 81.4 75.6 77.9 75.7 6.25 NS NS NS NS 

ADFI (g/d) 254 254 251 247 252 5.78 NS NS NS NS 

Gain:feed 0.31 0.33 0.30 0.32 0.30 0.03 NS NS NS NS 

2-3 week           

ADG (g/d) 100 97.1 101 100 114 5.54 NS NS NS NS 

ADFI (g/d) 323 307 317 313 309 6.61 NS NS NS NS 

Gain:feed 0.31 0.32 0.32 0.32 0.37 0.02 NS NS NS NS 

0-3 week           

ADG (g/d) 104 103 104 104 109 1.43 NS NS NS NS 

ADFI (g/d) 257 240 255 250 251 3.78 0.08 NS 0.02 NS 

Gain:feed 0.40 0.43 0.41 0.42 0.43 0.01 0.04 0.07 NS NS 
1 Values represent the means of six pens with five ducklings per pen. 
2 CON = Control. 3 ANT = Antibiotic. 4 Pooled standard error of the LS Means. 
5 Orthogonal contrast (tendency: p<0.10; significant: p<0.05) are treatments = Control vs other diets (Diet 4 -1 -1 -1 -1); CON vs STC (Diet 3 0 -1 -1 -1); 

ANT vs STC (Diet 0 -3 1 1 1), Within STC (Diet 0 0 2 -1 -1). 
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Duck breast muscle composition  

The chemical compositions of duck breast muscle are 

represented in Table 4. There was no significant variation in 

moisture, crude ash and CP content of duck meat among the 

treatment groups. Although there was no significant effect 

of STC dietary groups on crude fat content of duck meat 

compared to control or antibiotic, a significant difference 

was observed within STC dietary groups which was most 

pronounced in the 1.0% STC dietary groups (p<0.05). The 

cholesterol concentration of duck meat remained unaffected 

among the treatments, except for the 1.0% STC dietary 

supplementation where it was significantly reduced 

(p<0.05). 
 

Serum biochemical parameters and oxidative stability of 

duck meat 

Serum cholesterol, HDL, and LDL concentrations are 

shown in Table 5. There was no significant change in the 

total cholesterol concentration of duck serum among the 

dietary groups. There was an increasing trend of HDL 

concentration with an increasing rate of STC 

supplementation and was significantly higher (p<0.05) in 

1.0% STC group compared to 0.1% STC group. The highest 

LDL concentration observed in 0.5% STC dietary group 

which was significantly different from the 0.1% and 1.0% 

STC dietary groups (p = 0.06). The oxidative stability of 

duck meat is represented in the Table 6. The TBARS value 

Table 5. Least squares means for the effect of dietary sea tangle (L. japonica) and charcoal supplementation on serum biochemical 

parameters of duck (mg/dL)1 

 

CON2 ANT3 

STC (%) 

SE4 

Orthogonal contrast5 

0.1 0.5 1.0 Treatments CON vs 

STC 

ANT vs 

STC 

Within 

STC 

Total cholesterol 173 170 171 175 175 3.67 NS NS NS NS 

HDL6  99.3 101 91.0 102 106 3.00 NS NS NS 0.001 

LDL7  35.3 34.7 30.7 38.3 33.7 2.01 NS NS NS 0.06 
1 Values represent the means of six pens with five ducklings per pen. 
2 CON = Control. 3 ANT = Antibiotic. 4 Pooled standard error of the LS Means. 
5 Orthogonal contrast (tendency: p<0.10; significant: p<0.05) are treatments = Control vs other diets (Diet 4 -1 -1 -1 -1); CON vs STC (Diet 3 0 -1 -1 -1); 

ANT vs STC (Diet 0 -3 1 1 1), Within STC (Diet 0 0 2 -1 -1). 
6 HDL = High density lipoprotein cholesterol. 7 LDL = Low density lipoprotein cholesterol. 

Table 6. Least squares means for the effect of dietary sea tangle (L. japonica) and charcoal supplementation on meat thiobarbituric acid 

reactive substances (TBARS) value of duck breast muscle1 

 

CON2 ANT3 

STC (%) 

SE4 

Orthogonal contrast5 

0.1 0.5 1.0 Treatments CON vs 

STC 

ANT vs 

STC 

Within 

STC 

Fresh 1.50 1.30 1.15 1.40 1.40 0.11 NS NS NS 0.08 

Day 7  48.70 48.40 21.60 34.50 39.20 1.67 <0.0001 <0.0001 <0.0001 <0.0001 
1 Values represent the means of six pens with five ducklings per pen. 
2 CON = Control. 3 ANT = Antibiotic. 4 Pooled standard error of the LS Means. 
5 Orthogonal contrast (tendency: p<0.10; significant: p<0.05) are treatments = Control vs other diets (Diet 4 -1 -1 -1 -1); CON vs STC (Diet 3 0 -1 -1 -1); 

ANT vs STC (Diet 0 -3 1 1 1), Within STC (Diet 0 0 2 -1 -1). 

Table 4. Least squares means for the effect of dietary sea tangle (L. japonica) and charcoal supplementation on the chemical 

composition (per 100 g) of duck meat1 

 

CON2 ANT3 

STC (%) 

SE4 

Orthogonal contrast5 

0.1 0.5 1.0 Treatments CON vs 

STC 

ANT vs 

STC 

Within 

STC 

Moisture (g) 76.7 76.1 77.1 76.8 76.5 0.64 NS NS NS NS 

Crude ash (g) 1.67 1.94 1.86 2.65 1.30 0.20 NS NS NS NS 

Crude fat (g) 0.51 0.51 0.32 0.50 0.63 0.06 NS NS NS 0.004 

CP (g) 20.8 20.5 20.1 20.7 20.8 0.67 NS NS NS NS 

Cholesterol (mg/g) 79.7 80.4 78.4 80.1 80.1 0.62 NS NS NS 0.04 
1 Values represent the means of six pens with five ducklings per pen. 
2 CON = Control. 3 ANT = Antibiotic. 4 Pooled standard error of the LS Means. 
5 Orthogonal contrast (tendency: p<0.10; significant: p<0.05) are treatments = Control vs other diets (Diet 4 -1 -1 -1 -1); CON vs STC (Diet 3 0 -1 -1 -1); 

ANT vs STC (Diet 0 -3 1 1 1), Within STC (Diet 0 0 2 -1 -1). 
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of fresh duck meat did not show any significant variation 

among the treatment groups although the 0.1% STC dietary 

group displayed a lower tendency (p = 0.08). However, 

after 1 week of preservation at 4C, the highest TBARS 

values were observed in the control and antibiotic groups, 

whereas the STC dietary groups showed a reduced TBARS 

value, particularly in the 0.1% STC dietary group (p<0.05).  

 

Fatty acid composition 

Total fatty acid compositions of fresh duck meat are 

presented in Table 7. Among individual fatty acids, myristic 

acid content increased significantly (p = 0.06) in 0.1% STC 

supplementation compared to control. Considering 

individual polyunsaturated fatty acids, increased linoleic 

acid content was found in both 0.5% and 1.0% STC dietary 

groups compared to 0.1% STC supplementation. The 

eicosadienoic acid content was significantly increased 

(p<0.05) by 0.1% and 0.5% STC dietary supplementation 

compared to antibiotic treatment whereas it did not differ 

from the control group. The eicosapentaenoic acid (EPA) 

content of duck meat significantly decreased (p = 0.0001) in 

all dietary groups compared to control. Among the STC 

supplemented group 1.0% STC showed a significant 

increase (p<0.05) of EPA content compared to antibiotic 

and other dose levels (p<0.05). Supplementation of 0.5% 

STC significantly increased the docosahexaenoic acid 

content of duck meat compared to control (p<0.05) 

whereas, it did not differ with antibiotic group. There was 

no variation in the total concentration of saturated fatty acid 

(SFA), unsaturated fatty acid (UFA) and monounsaturated 

fatty acid (MUFA) among the treatments. The 

polyunsaturated fatty acids (PUFA) showed an increasing 

tendency in 0.5% and 1.0% STC dietary groups (p = 0.08) 

compared to 0.1% STC supplementation. The UFA/SFA 

ratio increased significantly (p = 0.08) in STC dietary group 

than control group particularly in 1.0% STC dietary group. 

The MUFA/SFA ratio also significantly increased upon 

antibiotic and STC supplementation (p = 0.05) compared 

with the control dietary group. The concentration of omega-

3 fatty acids was elevated in the STC dietary 

Table 7. Least squares means for the effect of dietary sea tangle (L. japonica) and charcoal supplementation on fatty acid composition 

(% of total fatty acids) of duck meat1 

 

CON2 ANT3 

STC (%) 

SE4 

Orthogonal contrast5 

0.1 0.5 1.0 Treatments CON vs 

STC 

ANT vs 

STC 

Within 

STC 

C14:0 2.46 2.99 3.16 2.92 2.90 0.23 0.06 0.07 NS NS 

C16:0 21.7 20.5 21.7 20.8 21.1 0.68 NS NS NS NS 

C18:0 7.88 7.91 6.90 7.24 6.49 0.57 NS NS NS NS 

C16:1 2.83 2.42 2.75 2.82 3.58 0.34 NS NS NS NS 

C18:1 (n-9) 48.7 51.1 51.1 49.7 49.1 1.09 NS NS NS NS 

C20:1 (n-9) 0.62 0.76 0.56 0.77 0.85 0.20 NS NS NS NS 

C18:2 (n-6) 12.8 11.8 10.8 13.0 13.1 0.73 NS NS NS 0.03 

C20:2 (n-6) 0.72 0.35 0.82 0.79 0.57 0.12 NS NS 0.02 NS 

C18:3 (n-3) 0.59 0.60 0.61 0.74 0.76 0.08 NS NS NS NS 

C22:4 (n-6) 0.83 0.99 0.90 0.91 0.78 0.12 NS NS NS NS 

C20:5 (n-3) 0.79 0.23 0.27 0.29 0.58 0.08 <0.0001 <0.0001 0.03 0.02 

C22:6 (n-3) 0.36 0.55 0.67 0.79 0.52 0.10 0.03 0.02 NS NS 

SFA 32.0 31.4 31.8 31.0 30.5 1.37 NS NS NS NS 

UFA 68.2 68.8 68.5 69.8 69.8 2.25 NS NS NS NS 

MUFA 52.1 54.2 54.4 53.3 53.5 1.41 NS NS NS NS 

PUFA 16.1 14.6 14.1 16.4 16.3 1.02 NS NS NS 0.08 

UFA/SFA 2.14 2.20 2.17 2.26 2.30 0.05 0.08 0.06 NS 0.06 

MUFA/SFA 1.63 1.73 1.72 1.73 1.77 0.04 0.05 0.05 NS NS 

PUFA/SFA 0.50 0.46 0.44 0.54 0.53 0.02 NS NS 0.06 0.0009 

n-3 1.39 0.83 0.88 1.03 1.33 0.14 0.003 0.01 0.04 0.02 

 n-6 14.7 13.7 13.3 15.4 15.0 0.93 NS NS NS 0.10 

n-6/n-3 10.6 17.8 15.7 15.9 11.2 1.38 0.005 0.02 0.03 NS 
1 Values represent the means of six pens with five ducklings per pen. 
2 CON = Control. 3 ANT = Antibiotic. 4 Pooled standard error of the LS Means. 
5 Orthogonal contrast (tendency: p<0.10; significant: p<0.05) are treatments = Control vs other diets (Diet 4 -1 -1 -1 -1); CON vs STC (Diet 3 0 -1 -1 -1); 

ANT vs STC (Diet 0 -3 1 1 1), Within STC (Diet 0 0 2 -1 -1). 

SFA = Total saturated fatty acids; UFA = Total unsaturated fatty acids; MUFA = Total monounsaturated fatty acids; PUFA = Total polyunsaturated fatty 

acids; n6 = Total n-6 polyunsaturated fatty acids; n-3 = Total n-3 polyunsaturated fatty acids. 
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supplementation compared to the antibiotic group (p<0.05) 

particularly rich in 1.0% STC dietary group whereas the 

lowest content of omega-6 fatty acid was found in 0.1% 

STC supplementation. A reduced ratio of n-6/n-3 PUFA 

ratio was observed (p<0.05) upon STC supplementation 

which was also pronounced in 1.0% STC dietary groups 

(p<0.05).  

 

DISCUSSION 

 

The study was conducted to evaluate the combined 

effects of STC supplementation on the growth performance, 

meat characteristics, and fatty acid composition of growing 

duck in comparison to antibiotic use. Considering 

individual weeks, there was no significant variation in ADG, 

ADFI, or gain:feed between antibiotic and STC dietary 

groups, which could be due to the combined effect of STC 

supplementation. You et al. (2009) reported that 

consumption of sea tangle powder reduced average body 

weight in Korean female college students. In contrast, Kutlu 

and Ü nsal (1998) reported that supplementation of wood 

charcoal improved feed efficiency and body weight gain in 

broilers. The improvement in gain:feed and reduction of 

ADFI during overall (0 to 3 week) period in growing ducks 

by STC supplementation also was supported by the findings 

of Kutlu and Ü nsal (1998) and Vidanarachchi et al. (2009). 

Although higher than 76% moisture in meat was 

observed in the treatment groups, there was no significant 

variation in CP content, which supports the results of 

Leonard (2010) that seaweed contains higher moisture with 

a protein content less than 5%. Aguilera-Morales et al. 

(2005) reported that most algae species contain all of the 

essential amino acids for vertebrates at higher levels than an 

equivalent weight of soybeans. In this study, control and 

antibiotic diets did not have any extra effect on duck meat 

composition. Burtin (2003) and Polat and Ozogul (2008) 

reported the lipid content of seaweeds ranges from 1% to 

5% of dry weight. Kutlu and Ü nsal (1998) reported that 

supplementation of charcoal to the diets tended to reduce 

abdominal fat weight and abdominal fat percentage, while 

having no significant effects on carcass yield. The crude fat 

content of different dietary groups showed no significant 

difference except in 0.1% STC supplemented group which 

could be due to the combined effect of sea tangle and 

charcoal. 

The higher concentrations of HDL and lower 

concentration of LDL in the STC diet groups could be due 

to the combined effect of STC on duck meat, as sea tangle 

possesses several biological activities such as antioxidant 

activity, anti-mutagenic activity (Park et al., 2009). Xu et al. 

(2013) and Suetsuna (2001) reported antioxidant and 

antimutagenic effects of seaweed reduced the LDL values 

and increased the HDL values through strengthening 

enzyme activity. Dietary supplementation of STC did not 

affect the TBARS value of fresh duck meat, which 

corroborates the observations of Lee (2004) in rats. The 

reduced TBARS concentration of duck meat preserved for 1 

week upon SCT supplementation may be due to the 

antioxidant effect of sea tangle.  

The higher concentrations of polyunsaturated fatty acids 

in the STC dietary group were due to the presence of 

phospholipids and glycolipids. When there is a reduction of 

environmental temperature, seaweed can accumulate 

PUFAs, which are consistent with the present study and also 

support the fact that species living in cold regions contain 

more PUFAs than those living at higher temperatures (Holdt 

and Kraan, 2011). The elevated concentration of omega-3 

fatty acids in the STC dietary group also supports the 

findings of Pulz and Gross (2004) and Plaza et al. (2010), 

who found that seaweed contains substantial amounts of 

omega-3 fatty acids, which are substances of particular 

interest in animal feeding due to their anti-microbial and 

antioxidant properties as well as their biofortification ability 

of animal products (Kouba and Mourot, 2011). The omega-

3 fatty acid concentration in antibiotic treatment was 

reduced which may be due to the lower activity of the 

glutathione peroxidase and catalase enzyme activities in 

antibiotic dietary group. Sukoyan et al. (2005) reported 

decreased glutathione peroxidase enzyme activity of the 

glutathione-associated antioxidant system, after treatment 

with antibiotics. Addition of PUFAs to animal feed resulted 

in biofortification of animal products as they are essential 

for human (Gladine et al., 2007; Kouba and Mourot, 2011). 

Studies have shown that feeding of animals with omega-3 

fatty acids increases the content of these substances in milk 

and meat (Kouba, 2011). 

 

IMPLICATIONS 

 

During the last few decades, antibiotic was extensively 

used as a growth promoter in the poultry sector and their 

residual effect is important in terms of public health 

concerns. The most challenging objective of this study was 

to mitigate the use of antibiotics in duck production by 

utilizing unconventional feed resources. The results of this 

study revealed that, supplementation of STC had no adverse 

effect on the overall growth performance of growing ducks 

which was more or less similar to antibiotics. In addition, 

STC feeding strategy had no significant effect on the 

chemical composition of duck breast meat except fat 

content which was increased in 1.0% STC dietary group. 

An increased HDL concentration was found in 1.0% STC 

supplemented groups, whereas LDL concentration was low 

in 0.1% and 1.0% STC groups. The concentration of 
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omega-3 fatty acids was elevated whereas a reduced ratio of 

n-6/n-3 PUFA ratio was observed upon STC 

supplementation which was pronounced in 1.0% STC 

dietary groups. Therefore, it can be concluded that the 

dietary supplementation of 1.0% STC can be used as a 

potential alternative to antibiotics in duck production. 

 

ACKNOWLEDGEMENT 

 

The study was supported by the NURI Agency, 

Republic of Korea. 

 

REFERENCES 

 

Aguilera-Morales, M., M. Casas-Valdez, S. Carrillo-Domınguez, 

B. Gonzalez-Acosta, and F. Perez-Gil. 2005. Chemical 

composition and microbiological assays of marine algae 

Enteromorpha spp. as a potential food source. J. Food 

Compost. Anal. 18:79-88. 

Ahn, S. M., Y. K. Hong, G. S. Kwon and H. Y. Sohn. 2010. 

Evaluation of in vitro anticoagulation activity of 35 different 

seaweed extracts. J. Life Sci. 20:1640-1647. 

AOAC. 2000. Official methods of analysis. 17th edn. Association 

of Official Analytical Chemists, Washington, DC, USA. 

Asar, M. 1972. The use of some weeds in poultry nutrition. M. Sc. 

Thesis. Alexandria University. 

Athukorala, Y., K. W. Lee, S. K. Kim, and Y. J. Jeon. 2007. 

Anticoagulant activity of marine green and brown algae 

collected from Jeju Island in Korea. Bioresour. Technol. 

98:1711-1716. 

Bae, K. H., T. G. Ko, J. H. Kim, W. T. Cho, Y. K. Han, and I. K. 

Han. 1999. Use of metabolically active substances to substitute 

for antibiotics in finishing pigs. Korean J. Anim. Sci. 41:23-30.  

Blacow, N. W. 1972. Martindale. The Extra Pharmacopoeia 26th 

Edn. London. 

Burtin, P. 2003. Nutritional value of seaweeds. Electron. J. 

Environ. Agric. Food Chem. 2:498-503. 

Chandy, T. and C. P. Sharma. 1998. Activated charcoal 

microcapsules and their applications. J. Biomater. Appl. 

13:128-157. 

El-Deek, A. A. and A. M. Brikaa. 2009. Effect of different levels 

of seaweed in starter and finisher diets in pellet and mash form 

on performance and carcass quality of ducks. Int. J. Poult. Sci. 

8:1014-1021. 

Ferreira, L. G., M. D. Noseda, A. G. Gonçalves, D. R. B. Ducatti, 

M. T. Fujii, and M. E. R. Duarte. 2012. Chemical structure of 

the complex pyruvylated and sulfated agaran from the red 

seaweed Palisada flagellifera (Ceramiales, Rhodophyta). 

Carbohydr. Res. 347:83-94. 

Gladine, C., C. Morand, E. Rock, D. Bauchar, and D. Durand. 

2007. Plant extracts rich in polyphenols (PERP) are efficient 

antioxidants to prevent lipoperoxidation in plasma lipids from 

animals fed n-3 PUFA supplemented diets. Anim. Feed Sci. 

Technol. 136:281-296. 

Gu, H. Y., Y. G. Liu, and Z. Z. Shu. 1988. Nutrient composition of 

marine algae and their feeding on broilers. Chinese J. Anim. 

Sci. 3:12-14. 

Holdt, S. L. and S. Kraan. 2011. Bioactive compounds in seaweed: 

Functional food applications and legislation. J. Appl. Phycol. 

23:543-597. 

Kim, S. J., S. N. Woo, H. Y. Yun, S. S. Yum, E. S. Choi, and J. R. 

Do. 2005. Total phenolic contents and biological activities of 

Korean seaweed extracts. Food Sci. Biotechnol. 14:798- 802. 

Kouba, M. and J. Mourot. 2011. A review of nutritional effects on 

fat composition of animal products with special emphasis on 

n-3 polyunsaturated fatty acids. Biochimie 93:13-17. 

Kutlu, H. R. and I. Ü nsal. 1998. Effects of dietary wood charcoal 

on performance and fatness of broiler chicks. Br. Poult. Sci. 

39:S31-S32. 

Lee, K. S., Y. S. Choi, and J. S. Seo. 2004. Sea tangle 

supplementation lowers blood glucose and supports 

antioxidant systems in streptozotocin-induced diabetic rats. J. 

Med. Food. 7:130-135. 

Leonard, S. G., T. Sweeney, K. M. Pierce, B. Bahar, B. P. Lynch, 

and J. V. O'Doherty. 2010. The effects of supplementing the 

diet of the sow with seaweed extracts and fish oil on aspects of 

gastrointestinal health and performance of the weaned piglet. 

Livest. Sci. 134:135-138. 

Maurice, D. V., J. E. Jones, C. R. Dillon, and J. M. Weber. 1984. 

Chemical composition and nutritional value of Brazilian 

elodea Egeria densa for the chick. Poult. Sci. 63:317-323. 

NRC (National Research Council). 1994. Nutrient requirements of 

poultry: Ninth Revised Edition. The National Academies Press, 

Washington, DC, USA. 

NRLSI. 2002. Food composition table. 6th rev. edn. National 

Rural Living Science Institute. Rural Development 

Administration, South Korea. 

Okai, Y., K. Higashi-okai, and S. Nakamura. 1993. Identification 

of heterogenous antimutagenic activities in the extract of 

edible brown seaweeds, Laminaria japonica (Makonbu) and 

Undaria pinnatifida (Wakame), by the gene expression system 

in Salmonella Typhimurium (TA1535/pSK1002). Mutat. Res. 

303:63-70. 

Park, P. J., E. K. Kim, S. J. Lee, S. Y. Park, D. S. Kang, B. M. Jung, 

K. S. Kim, J. Y. Je, and C. B. Ahn. 2009. Protective effects 

against H2O2-induced damage by enzymatic hydrolysates of an 

edible brown seaweed, sea tangle (Laminaria japonica). J. 

Med. Chem. 12:159-166. 

Pew Campaign on Human Health and Industrial Farming. 2013. 

Record-high antibiotic sales for meat and poultry production. 

Available at: http://www.pewhealth.org/other-resource/record-

high-antibiotic-sales-for-meat-and-poultry-production-

85899449119. 

Plaza, M., S. Santoyo, L. Jaime, G. García-Blairsy Reina, M. 

Herrero, F. J. Señoráns, and E. Ibáñez. 2010. Screening for 

bioactive compounds from algae. J. Pharm. Biomed. Anal. 

51:450-455. 

Polat, S. and Y. Ozogul. 2008. Biochemical composition of some 

red and brown macro-algae from the Northeastern 

Mediterranean Sea. Int. J. Food Sci. Nutr. 59:566-572. 

Pulz, O. and W. Gross. 2004. Valuable products from 

biotechnology of microalgae. Appl. Microbiol. Biotechnol. 

65:635-648. 

Sarker, M. S. K. and C. J. Yang. 2011. Eosungcho (Houttuynia 

cordata) with multi strain probiotics as alternative to antibiotic 

for broiler production. J. Med. Plant Res. 5:4411-4417. 

http://www.sciencedirect.com/science/article/pii/S0889157504000122
http://www.sciencedirect.com/science/article/pii/S0889157504000122
http://www.sciencedirect.com/science/article/pii/S0889157504000122
http://www.sciencedirect.com/science/article/pii/S0960852406003713
http://www.sciencedirect.com/science/article/pii/S0960852406003713
http://jba.sagepub.com/content/13/2/128.short
http://jba.sagepub.com/content/13/2/128.short
http://docsdrive.com/pdfs/ansinet/ijps/2009/1014-1021.pdf
http://docsdrive.com/pdfs/ansinet/ijps/2009/1014-1021.pdf
http://docsdrive.com/pdfs/ansinet/ijps/2009/1014-1021.pdf
http://www.sciencedirect.com/science/article/pii/S0008621511004897
http://www.sciencedirect.com/science/article/pii/S0008621511004897
http://www.sciencedirect.com/science/article/pii/S0008621511004897
http://www.sciencedirect.com/science/article/pii/S0377840106003506
http://www.sciencedirect.com/science/article/pii/S0377840106003506
http://www.sciencedirect.com/science/article/pii/S0377840106003506
http://link.springer.com/article/10.1007/s10811-010-9632-5#page-1
http://link.springer.com/article/10.1007/s10811-010-9632-5#page-1
http://www.sciencedirect.com/science/article/pii/S030090841000088X
http://www.sciencedirect.com/science/article/pii/S030090841000088X
http://www.sciencedirect.com/science/article/pii/S030090841000088X
http://www.tandfonline.com/doi/abs/10.1080/00071669888214?journalCode=cbps20
http://www.tandfonline.com/doi/abs/10.1080/00071669888214?journalCode=cbps20
http://online.liebertpub.com/doi/abs/10.1089/1096620041223996
http://online.liebertpub.com/doi/abs/10.1089/1096620041223996
http://online.liebertpub.com/doi/abs/10.1089/1096620041223996
http://www.livestockscience.com/article/S1871-1413(10)00330-6/abstract
http://www.livestockscience.com/article/S1871-1413(10)00330-6/abstract
http://www.livestockscience.com/article/S1871-1413(10)00330-6/abstract
http://ps.fass.org/content/63/2/317.short
http://ps.fass.org/content/63/2/317.short
http://www.nap.edu/catalog.php?record_id=2114
http://www.nap.edu/catalog.php?record_id=2114
http://www.pewhealth.org/projects/pew-campaign-on-human-health-and-industrial-farming-85899367226
http://www.pewhealth.org/other-resource/record-high-antibiotic-sales-for-meat-and-poultry-production-85899449119
http://www.pewhealth.org/other-resource/record-high-antibiotic-sales-for-meat-and-poultry-production-85899449119
http://www.pewhealth.org/other-resource/record-high-antibiotic-sales-for-meat-and-poultry-production-85899449119
http://www.sciencedirect.com/science/article/pii/S0731708509001939
http://www.sciencedirect.com/science/article/pii/S0731708509001939
http://www.sciencedirect.com/science/article/pii/S0731708509001939
http://www.sciencedirect.com/science/article/pii/S0731708509001939
http://www.sciencedirect.com/science/article/pii/S0731708509001939
http://www.sciencedirect.com/science/article/pii/S0731708509001939
http://www.sciencedirect.com/science/article/pii/S0731708509001939
http://informahealthcare.com/doi/abs/10.1080/09637480701446524
http://informahealthcare.com/doi/abs/10.1080/09637480701446524
http://informahealthcare.com/doi/abs/10.1080/09637480701446524
http://link.springer.com/article/10.1007/s00253-004-1647-x
http://link.springer.com/article/10.1007/s00253-004-1647-x


Islam et al. (2014) Asian Australas. J. Anim. Sci. 27:217-224 

 

224 

SAS Institute Inc. 2003. SAS/STAT User’s Guide. 9.1 Edition, 

SAS Institute Inc., Cary, North Carolina, USA. 

Suetsuna, K. and M. Saito. 2001. Enzyme-decomposed materials 

of laver and uses thereof. US patent (Patent No.: US 6,217,879 

B1). 

Sukoyan, G. V., M. R. Mumladze, E. D. Obaladze, and N. A. 

Varazanashvili. 2005. In vitro effects of gentamicin, ampicillin, 

and cefobid on energy supply and antioxidant protection 

systems of venous blood erythrocytes in newborns. Bull Exp. 

Biol. Med. 139:671-674. 

Tomova, D., I. Mandev, D. Chotinski, I. Tsvetanov, and E. Duneva. 

1980. Testing poultry mixed feeds containing seaweeds: 1. 

Influence on broiler performance indicators. Zhivotnov"Dni 

Nauki 17:68-73. 

Vidanarachchi, J. K., P. A. Iji, L. L. Mikkelsen, I. Sims,and M. 

Choct. 2009. Isolation and characterization of water-soluble 

prebiotic compounds from Australian and New Zealand plants. 

Carbohydr. Polym. 77:670-676. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wang, Y., X. X. Tang, Z. Yang, and Z. M. Yu. 2006. Effect of 

alginic acid decomposing bacterium on the growth of 

Laminaria japonica (Phaephyceae). J. Environ. Sci. (China) 

18:543-551. 

Wijesinghe, W. A. J. P. and Y. J. Jeon. 2012. Enzyme-assistant 

extraction (EAE) of bioactive components: A useful approach 

for recovery of industrially important metabolites from 

seaweeds: A review. Fitoterapia 83:6-12. 

Xu, X., Z. Yu, L. Shuai, Y. Guo, D. Duan, and P. Fu. 2013. The 

effect of kelp on serum lipids of hyperlipidemia in rats. J. Food 

Biochem. 37:129-135. 

Yang, C. J., I. Y. Yang, D. H. Oh, I. H. Bae, S. G. Cho, I. G. Kong, 

D. Uuganbayar, I. S. Nou, and K. S. Choi. 2003. Effect of 

green tea by-product on performance and body composition in 

broiler chicks. Asian-Aust. J. Anim. Sci. 16:867-872. 

You, J. S., M. J. Sung, and K. J. Chang. 2009. Evaluation of 8-

week body weight control program including sea tangle 

(Laminaria japonica) supplementation in Korean female 

college students. Nutr. Res. Pract. 3:307-314. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://link.springer.com/article/10.1007/s10517-005-0374-3
http://link.springer.com/article/10.1007/s10517-005-0374-3
http://link.springer.com/article/10.1007/s10517-005-0374-3
http://www.sciencedirect.com/science/article/pii/S014486170900099X
http://www.sciencedirect.com/science/article/pii/S014486170900099X
http://iospress.metapress.com/content/0uh155v2bpxfn808/
http://iospress.metapress.com/content/0uh155v2bpxfn808/
http://iospress.metapress.com/content/0uh155v2bpxfn808/
http://www.sciencedirect.com/science/article/pii/S0367326X11002735
http://www.sciencedirect.com/science/article/pii/S0367326X11002735
http://www.sciencedirect.com/science/article/pii/S0367326X11002735
http://www.sciencedirect.com/science/article/pii/S0367326X11002735
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2011.00606.x/abstract;jsessionid=D847D9AFB5468BB8A97B332C4CA3295D.f03t04?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2011.00606.x/abstract;jsessionid=D847D9AFB5468BB8A97B332C4CA3295D.f03t04?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://synapse.koreamed.org/search.php?where=aview&id=10.4162/nrp.2009.3.4.307&code=0161NRP&vmode=FULL
http://synapse.koreamed.org/search.php?where=aview&id=10.4162/nrp.2009.3.4.307&code=0161NRP&vmode=FULL
http://synapse.koreamed.org/search.php?where=aview&id=10.4162/nrp.2009.3.4.307&code=0161NRP&vmode=FULL
http://synapse.koreamed.org/search.php?where=aview&id=10.4162/nrp.2009.3.4.307&code=0161NRP&vmode=FULL

