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Table 1: The used formulations and concentrations of Ulvan polysaccharides from Ulva rigida for preparing the
chicken sausage. The numbers are shown as %.

Sausage formulation

Formulation 1

Formulation 2

Formulation 3 Formulation 4

Chicken meat 60 60 55 55
Corn starch 6 5.5 5 4
Soy protein isolate 6 5 4 2
Egg powder 2 2 15 1
Vegetable oil 10 10 10 9
Mix of spices: 15 15 15 15
Ice powder 10.38 12.38 19.63 24.38
Sugar 1 1 1 1
Frozen garlic 15 1 0.75 0.5
Salt 15 15 15 15
Ascorbic acid 0.1 0.1 0.1 0.1
Sodium nitrite 0.02 0.02 0.02 0.02
Total 100 100 100 100
Formulation 4 fortified with
Uvan concentration (%) 0.5 1 1.5

* The composition of the spice blend is shown in Table 2.
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Table 2: Spices used in various chicken sausage
formulations

The spice used Concentration

(%)
Red pepper 0.4
Black pepper B
Cumin 0.15
Cinnamon 0.1
Ginger 0.075
Cardamom 0.1
Cloves 0.05
Garlic powder 0.125
Paprika 0.1
Thyme 0.1
Total 15
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Table 3: The effect of different formulations on the colour, odour, taste, texture and overall acceptance of control
chicken sausage

Parameter Formulation 1 Formulation 2 Formulation 3 Formulation 4
Colour 7.27+0.672 7.09+0.422 7.37+0.452 7.41+0.572
Odour 7.72+0.542 7.58+0.612 7.44+0.292 7.62+0.592
Flavour 6.41+1.382 6.67+1.15? 6.64+0.912 7.89+1.05%
Texture 6.27+1.272 6.45+1.312 7.23+£1.728 7.94+1.342

Overall acceptance 6.63+1.628 6.37 £1.47?2 6.92+1.382 7.65+0.662

(P<0.05) Ceslalos o cme ST oaimo lis Ciys ) yo )0 Calie g >
Different letters in each row indicate significant differences between treatments (p<0.05).
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Table 4: The effect of different concentrations of Ulvan polysaccharides from Ulva rigida on the colour, odour, taste,
texture, and overall acceptance of chicken sausage

Control sausage

Sausage with 0.5%

Sausage with 1% Sausage with 1.5%

Parameter -
(formulation 4) ulvan ulvan
Colour 7.41+0.572 7.14+0.672 6.62+0.45? 6.37+0.572
Odour 7.62+0.592 7.11+0.542 7.28+0.29? 7.45+0.622
Flavour 7.89+1.05° 6.49+1.13% 4,52+1.23% 3.24+1.00°
Texture 7.94+1.342 6.63+1.27° 6.52+1.72° 6.11+1.34%
Overall acceptance 7.65+0.662 6.29+1.24% 4.43+1,38% 3.01+0.66°

(P<0.05) Cenla,los cym o Sxe S oaimolis cass )y yo )0 Calise By >
Different letters (a-b) in each row indicate significant differences between treatments (p<0.05).
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Table 5: Cooking loss, moisture content, chemical, microbial, textural, color, and sensory indicators of the control
chicken sausage and those containing Ulvan extracted from Ulva rigida

Control chicken Chicken sausage with

Property Parameter sausage 0.5% ulvan
Cooking loss Cooking loss (%) 0.49+0.05 0.35+0.02
Moisture content Moisture content (%) 66.23+0.31 67.41+0.15
. Peroxide value
Chemical (meq 02/kg oils) TBA 0.71+0.03 0.50£0.04
(mg MDA/kg sausage sample) TVB-N 0.56+0.04 0.54+0.02
(mg/100 g sausage samples) 13.49+0.29 11.83+0.47
. . Total viable count
Microbial (log CFU/g) 2.54+0.11 2.35%0.14
Hardness (g) 871446 962154
Textural Cohesiveness (mm) 4.82+0.14 4.7740.12
Springiness 0.91+0.02 0.92+0.03
L* 77.63+1.39 73.5+£1.94
Color ax 9.28+0.4 9.00+0.06
b* 10.18+0.14 9.51+0.17
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Introduction

Seaweeds are one of the natural resources that contain different bioactive compounds such as
polysaccharides, phenolic compounds, pigments, proteins, and peptides. These bioactive compounds
possess various activities so; they could be used to promote human health and prevent diseases. Between
them, polysaccharides are one of the earliest compounds that were identified and extracted from seaweeds.
In the last decades, different polysaccharides such as alginate, agar, and carrageenan have been extracted
from seaweeds and used in different food products as thickeners, gelling agents, emulsifiers, and fat
replacers. However, in recent years, the sulphated polysaccharides such as fucoidan and ulvan were gained
more attention due to their bioactivities. Ulvan is extracted from green seaweeds and it is mainly made up
of rhamnose, glucuronic acid, xylose, mannose, galactose, fucose, glucose, and fructose monosaccharides.
Till now, Ulvan was extracted from different species such as Ulva rigida, Ulva rotundata, Ulva pertusa,
Ulva lactuca, Ulva intestinalis, Ulothrix flacca, and Ulva clathrata and characterized. Results of these
studies demonstrated that the ulvan of different green seaweeds had water and oil holding, emulsifying,
and foaming properties and also antitumor, immunostimulating, antioxidant, anticoagulant,
antihyperlipidemic, anti-inflammatory, antimicrobial and antiviral properties. So, Ulvan could be used in
food and cosmetic product formulation as a nutraceutical and natural agent. Beef sausage, yogurt and
surimi-based products (fish finger) are examples of food products which fortified with ulvan
polysaccharide. However, to date, there is no information regarding the use of ulvan from U. rigida
samples in chicken sausage. Therefore, the purpose of present study was to produce chicken sausage
fortified with ulvan polysaccharide extracted from U. rigida and evaluate its properties.

Methodology

At first, the dried seaweed samples were milled to a fine powder using a home-scale grinder. Then, 20 g of
powdered U. rigida samples were added to 200 mL of ethanol (85%) and stirred for 24 h at room
temperature. Solid parts were separated using filtration, washed several times with ethanol (99%), rinsed
with acetone, and dried at room temperature. Extraction of ulvan from Ulva rigida samples was done by
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hot water method. Briefly, 10 g of treated and dried U. rigida samples were added to 200 mL of distilled
water. Then, the extraction suspension was heated for 4 h at 65 °C. The recovered liquid part was
concentrated up to 100 mL using a rotary evaporator at 50 °C. After that, the cold ethanol (300 mL) was
added to the concentrated liquid part, and the suspension was maintained in a fridge (4 °C). After 21 h, the
formed polysaccharide fibers were homogenized using a food blender for 3 min. The homogenized
polysaccharides were collected using centrifugation (3000 rpm, 5 min), washed several times with ethanol
and acetone, and dried at room temperature overnight. In the next experiment of the study, the extracted
ulvan was incorporated into the formulation of chicken sausage as a natural bioactive ingredient. To do
this, different formulations (4 formulations) were prepared for the production of chicken sausage. The
concentration of chicken meat, corn starch, soy isolate protein, egg powder, frozen garlic, oil, and ice flake
were varied in these formulations. The sensory evaluations were done for the prepared sausages to select
the best formulation. The sensory characteristics (odour, colour, flavour, texture and overall acceptability)
of different sausages were evaluated by panellists. After that, different concentrations (0.5%, 1% and 1.5%
w/w) of extracted ulvan were added to the selected chicken sausage formulation and the cooking yield,
moisture content, chemical (PV, TBA, TVB-N), microbial (total viable count), textural (hardness,
cohesiveness, springiness), colour (L*, a*, b*) and sensory characteristics of the sausage product were
evaluated.

Results

The results of the initial sensory evaluation showed that among the different sausage formulations,
formulation 4, which contained 55% chicken meat, 4% corn starch, 2% soy isolate protein, 1% egg
powder, 0.5% frozen garlic, 9% oil and 24.38% ice flakes received higher scores for flavor, texture and
overall acceptability than the other formulations. The sensory evaluation of the second experiment also
showed that with increasing the ulvan concentration in sausage formulation all sensory parameters were
decreased especially flavor and overall acceptability. In these two parameters, just formulation containing
0.5% ulvan was in the acceptable ranges. Based on these, the chicken sausages containing 0.5% ulvan
were selected as the final treatment and its characteristics such as cooking loss, moisture content,
chemical, textural, microbial, and colour properties were measured. Control sausage and fortified sausage
had 0.49% and 0.35% cooking loss, respectively. Fortified sausage (67.41%) showed higher moisture
content than control sausage (66.23%). Peroxide, TBA, TVB-N, and total viable count of control sausage
were 0.71 meq O2/kg oils, 0.56 mg MDA/kg sausage sample, 13.49 mg/100 g sausage samples and 2.54
FU/g, respectively. Lower values of these parameters were measured for the sausage with ulvan. The
values of hardness and cohesiveness of the fortified sausage were increased and decreased in comparison
to the control sausage, respectively. The color indices L*, a*, and b* of the control sausage were 77.63,
9.28, and 10.18, respectively. All colour parameters were decreased by the addition of ulvan.
Discussion and conclusion

The results of the study showed that the cooking loss of sausage containing ulvan polysaccharide was
lower than the control treatment. The reduction of cooking loss of chicken sausage in the presence of
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ulvan can be explained by its water and oil holding capacities which finally led to the retaining of more
water and/or fat in the meat protein matrix during the cooking. Moisture measurements showed that
sausages treated with ulvan had more moisture than control sausages. Higher moisture content in products
incorporated with polysaccharides including ulvan can explain by the interaction of polysaccharides with
the protein which decreases the moisture migration during cooking and storage. The peroxide, TBA, TVB-
N parameters were lower in the chicken sausage with ulvan polysaccharide than in the control sausage.
The lower PV and TBA could be due to the antioxidant activities of extracted ulvan. The lower TVB-N
and total viable count values in treated sausages could be related to the antibacterial activities of ulvan.
The hardness values of sausages incorporated with ulvan were increased compared to the control samples.
Higher hardness values could be originated from the interaction of polysaccharides with myofibrillar
proteins. However, the springiness was decreased with the addition of ulvan. All color parameters (L*, a*,
b*) of sausages incorporated with ulvan were decreased compared to the control samples. The color of
ulvan was slightly green. Based on this, the addition of ulvan solution to the chicken sausage might finally
decrease the color parameters values of incorporated sausages. Generally, according to the obtained
results, it could be concluded that the chicken sausage containing ulvan of U. rigida at 0.5% w/w has
proper quality characteristics. Therefore, ulvan polysaccharide could be used as a natural preservative and
bioactive ingredient in the formulation of chicken sausage.
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