[ Downloaded from isfj.ir on 2025-07-23 ]

(DOI): 10.22092/1SFJ.2025.132724 YY(0) YV-YA Ol oMt pale s

Swssg— G&JG Ao
3 Ulva rigida S 31 198193 ;b by Glideo gOCIE g oyguw¥ g0 9 I
&0 mmigw ST 39

T IS s Sl anbl T g | e el T (s

*alboofetileh@areeo.ac.ir

lidas Glojlu S (Sl o sle SlEAS i g0 lac shiss 5 0ol ala (S5 S) suStia o5 )
Ol el 5l (555 LES s 5 BB
3 oBosel wolidias Gloslu a8 (SWadk asle SlEEAS dnnu go (HL 3T (05158 ST Lo 3K 50 Y

Olol ( A31an (s 50 9laS g 5

VEY AT By VE-Y s et bl 2,8

6 - o
byl sUlvarigida o e Sl 5leads zl 5wl olell oy )1 (L b oo (28 € 0 g ddg ol anlllas 5l CBoa
)| W) o.)LO.w‘ &J.Q (e g J.»Js_v ‘_g‘).: (u}».wy}o)s f) sd.m dbuwyy)s L.\.».:‘ )5.'a.~o u.’Ju ..)5..1 U] dl.».?u) 6Lb§f§
o las ol plis > e ol g o ol s 0 )8 s e s (S 5l oolaiwl b i jlews b jlens ol oy
o> Olilal 5 5YL 6lls g Fu j09s w3 YEIVA o LS 189, 00,0 4 s 0o )0 <10 (£ o 055 1093 duo )0V (Ligus
é).o (e G 45 Q‘.) QLMA-’ A.L>).A L))‘ Gm} u;’b))‘ c:l.».a R u;ala))‘ iom LQL)’“"""?’“" Gm} ‘5&‘;).15 9 AW ABLA:‘ ss.AM
el o0 V0 ) slacdale gol> lo ummgun 4 Cod (5 5o e Sl ‘C)‘BJ‘ a8l 614 Qo [0 clale gql>
Cyome oy Sl Ll Q—l alises GLQQ;‘}{S 5 ol @Le; Slewd Glaxe 4y Jlews cpl coplpliy 0,5 S 0,5 sk
Ol gl ol anlie vl € o g slond @S L g 0ud Ghomins o555 5 (029,500 (L e pliord Sla S g «lush,
Gl g 4 Sl (6 %S S @L,).SL, L, 5TVB-N JTBA QS |y polie g Sy Sl glylo ons @;)Lo..., as ols
Al als g ol als Gla g 4 o 0ad (8 Sl g 18 i P o g S polie og sals
Casddy gl 4y d> g5 b of garmo ;o .aiidl 2ols wals jled 4 Cond oads 28\l j0 50 (D% ga* L*) ) sl asls
Shyls oo ,0 10 s 4 UL Tigida > 5l oo zl 3l gl au )l (L (59l € po g 45 3505 lgie (155 oo 0kal

95 slmod g1 3 il b (Jld Cann ) slony Sl (b e slacl> s gils SRS

J s PR "93555

MCopyright: © 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed

under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.ora/licenses/by/4.0/).

Yy


https://creativecommons.org/license
https://isfj.ir/article-1-2837-fa.html

[ Downloaded from isfj.ir on 2025-07-23 ]

OlKan 5 aliss g JT

gl (e 5l (S Sl (ol e ot G
A oLy Gl o] po jledian Jled ey ol S 5
aies oo JSis 1) sl Glals Sl g JS 5l ae o
OB WS adg ()5 L (S Wi 4 s e 4
S 51 (Meillisa et al., 2015) wgis o Cgmne by
YL polie b olyen (5 J5 o5 slolic oSl (glasdss
ooty dacpelng (olde Glayod ((Joxe olge
Sl cplpedle ais by Jsd L g lailass,
G g Gl g g ad, el Ghygn bl
b eeiS bae o (6 Ss b 5l ol el
5 bSCl> oyl e (Kuda et al., 2002) os,ls )45 5
(el sbostitul p opdle Wl 5l Jolbs @lus s
K, erlad (il R mlio o Jlsld slao S
pole « ilagr iyl o3l o oulSe slaelid 4 «sl
CiS glalame and ((SOplis (gilugly (S
adsl GacdB 5 (n9)ls slacu b da o5 and (29,50
(Polat et al., 2023) u,ls ;s

3 st Jlabnns oS 5 g5l oSl IS 5 &
(Kadam et al., 2015) swn ooy, Slo by Jd
LSl Jokw o)les j0 6ob; ol @ oy Lo L
LSl 5l a5 alaoy ,Blo dy teds Wigd oo 28l
oS aites L8 g olo sl BT Jels was gl 5l
Olye 4 (ol Vgame ;0 0058 ek 4 o)l
S5 ookl 3 50 g licadgal ooims pled waiS ol
(Rajapakse and Kim, 2011) & .5

Blg slaoySlo ooy Lo 5 6,5 amws
Sl (ezres it Dl3szge il 5SL aS Wi
(2l sl )ls w oSl e B sla Sl (sloged
oo gl el GliSes sladas 5 slale Cews
WgS gy a4 ary b bay Bloly oleed LSl
oy L L baisd 51 S o 5 anils oo b glacslis
5 oy Bl b tale o Gglas .w)ls 9954y pgass
9 Fdian) Codled (e 5o Dyl cely Wl o ules
(Mulloy, 2005) ss,5 Ll 0 ,Sdec

Sl Sk 5l ons zl sl wilidges slany 5L L

Oy Slalllas g oo (6,105L Hlll (g o G

Aonio

S8 0905 5 Sl molex ol gaio s 4 059
8 pas oolel 5 guds solel (slalie Byan j 5 oy (sl
b5 (slmod,gl bl axdly (il (5 ,Saiz b 4,
lalde cpl cn pogoe 51 WIS 5 g ¢ 5 o i
by g 9S50 ead adse 5 gy5lE bsS
CsS S jeb  aiis € 0 ST g 30,8 slaclieS
e qlio Sl 4 LT onds (551,83 SV gammo g €50 50y
ez slacul glnl e O slaaul b 5l OY game
plo g cluSlas oluS s (olie slo s (g,9,8
Ghafouri-) aiee 88 (Jd Cow s Slas oI5
&y3l,8 SV game YL L ae (Oskuei et al., 2020
Blgge ddl oz Vb 5ime 4 dazgi b (dsS oad
s slacs Lo 059 (ilises slags Lo 90 4 e
Desmond, ) 00,5 (BFosSlas o Sl g Sgpe
OBAS Gy 3 sl o g,cn! 5l (2006
LSyl dBlas oolaiwl b g el ol oY gamxe
bl Gl iesoe w5 ) ol 0ad IS
SR b sk Jd ey DLS 5 Gl st
95y |y loanslid axgi 3] o o jo (Su5)laesS
Olgre Cow snas PYYEN eeplply cwl 00,8 >
slalie s Gb w3 S el wedgald slalic
Lg‘:b.\.’u uo|9.‘> » OB)LC aS D u.:l.b‘.\s: ..\_..oow\)s
039 085S 8 s (gl rSuCed ;)‘9 shylo w8 )leie
IS5 ey slas Lo @ Dl s el s
ol 5 .(Jimenez-Colmenero et al., 2001) s
Eiel by 5 5SS ool 5 olalS il
g

Dldg>ge £95 5 obj g 4 4295 b (2b)d slalae
S 5 gl el sl oot Sl e Wl o0 53]
30 a8 pds O e Sladllas eiSU Lol anil Jd cus
3wl 0oy eSS A S Clalae 4 S o) (ol

YA


https://isfj.ir/article-1-2837-fa.html

[ Downloaded from isfj.ir on 2025-07-23 ]

T () V6 sl oMk pale elas

GRS ddye Wi Pl Gl 655, sk 4 Dos
gl 5B sl 5B gl b (6,255 plasl 5l am s 5
Gl > Ll jo 0 eols giciwds (ygiwl b g oo lox
352 53 Jae slod o Cele YT Gue 4 0uls (6,55,
Vg Sid 5 7,5 Ll Pl B o sols 13 LY

(Alboofetileh et al., 2022)

1 32,5 oy o

) S 4 yhate Ol boad L iy Sl sladiges
drp B0 sles 5 5 bolie (i e 4 )9 ¥
ools 13 Sl (yiep (g9, el ¥ a4y o 5 il
5 gl iid sloolaal b asle 51 cylog ol 51 o s
(4235 0 Soe @ 4o 0,50 Yeor) S le
Wwéiwxd)bs)o&wdhyjomts)jiév
Lolss mle o2 2l aw @ldlgw slaoy Blo y bk
Sae a4 Jeols balses g oo aslol o Jgilbl )] a5 oo
Sladises dolsl jo ol ools (18 Jlxzy o 5g 4l S
lasl o gy (glasds ) JSi 4y a8 4l Cguny slaay 5L L
b e g 00 5000 S boglse olfiws jl eolazwl b
b (a3 10 590 Ve 0) e il olliws 5l oolaiu!
JobIL o e a0 (nizr 00l 25k sladiged aials
b obl e el SaS vee o e, Ald Sy
g Sp bl ool bsas Sis sl 5L
a0 VA L8 e bsiabel pbxl by B g oo
(Rahimi et al., 2016) wos 5,005 of 5 il

O g Al
Slye asts SThe 5l Sy 5 (27 s £ 0B BT
(Sl o 0ol Gupmsgas dng (sl g 00l Antd (e Fg
3Ol Lol b oad 22 5 98l (sl mrmages 4045
@l ooliid (Y 51 Johaz) ciliseo (glosygons¥ 08
a g aiky, S LIAE o dlse eled pshate oyl
2 g g dualo] 5o aials bogle K050 L addo ¥ o
Vb L (S sl idg 0 s Do
Ve lod 5l dagupsn ooy gl Wad e ile

Y4

s 5 Olell ailidga laoy Loy a5 el l SSL
Pl Jed 5l goanie Jlda ) sl dld sla S5
(SrpPRS (emgpgnd 2l Sbas (ciluSlas
At SSsm S 9 (o e pelaid (solinilas
shls sy Bluhy ool ( Jd sy slo Sy 2 odle
5 ol ol (Sausas (SauS el la Sy
g0 5l (Kazemietal., 2023) aien 55 o84, wds>
gamo o oslital gy SV Jewilty oS5 ol
Slos =iz Olsie 4 alagr o2l 5 o)l (2l
O Yoo, 30 0o b cpl leslatul  Jl>cpnl Lo yls
axdllas 5l G pobol ol 2 sl S0 i Y gama
slackle 5 iz sloggaYyed Sl (ou)p pol>
Ulva Sile 5l o glysed olell oy Slo Ly calises

D1 E o g S Ss » Tigida

Bigy 9910

Sl (s3lwoslol g (5,10 paigas

Sl dibie 51 UL rigida 4568 s > sladiges
Obzsl 5 Ol bl 5o &l el Gl
N RRVAPRWS Cils p Sl sladiges 250 L;)s]éa.?
aQ Jua.m ‘5[—%&./\—\3‘5" 9 L;Y 9 Jf 0l ool W l%)o
s ol 5l eolatul b ladiges o 29,5 lax Lyl
Bix 5 il 4 e Ses a5 0l B oo ools guiciunds
oot glod g sl jo lal Sl sladiges dnlsl jo .00 5
38 (gl a2 )0 Fr (slos 5 0yl 50 w55, T De
Ldigad ¢y S 5l am ol SUis g, S Do
C‘)M‘ UL") by 9 00 ;09 u.isb UL»...;‘ )| solawl b

SIS (OIS il az )3 VA) )58 50 laoy Sl

e

5 LAl a5 cul a3Y oy Sl bzl 5l 13
Sl ol jslate (pay 00,8 Bl b SUl> slo o
Vo ) Cand 4 20,0 AD gl 4 euds Sz sl
5 el Y Goe 4y g oa adlal (i) o 4 6)5)
ol b el ool 18 Sl en (59, daore (gloo


https://isfj.ir/article-1-2837-fa.html

[ Downloaded from isfj.ir on 2025-07-23 ]

OlKan 5 aliss g JT

5 Aoy /b cdale by Lo b e slecdale
A pdy > Sl S 59 ka5l E e g (e g0 )8
Slayless ab end le cSie Jlad Glyie 4 g 0ad
Gloo o celw YT Coe w agd 5l d coie 9 vl
ol Gilisie sla Shy e 9 00l (5l (Jl

IRV C S I PRI A PO UM

aSepl b oolainl celu pud Do 45 0l )5 il ax (o
diges .aws o o5 il az 0 VY @y ecsgus 55 50 sleo
KERWIRYW é{/gT‘DLQ})OQ&LwMQMQQ&Lé)"m
S5l oo ags (sla pewwgw (LUO et al., 2017)
o> bl bl 8ol o)l cem sla Sy
Er0 g Blide laggeVse b o 5l Slonie
Ot 3108 S ) (o Lol (i F (geY g

O yguo d olacl & w0 g dut (5l 00l coliiwl Ulva rigida Sud= 1 olgll oy )5l L sbacdale g b ygawY 90,8 ) Jous

R ST o yo

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 55 5 4
Soy protein isolate 6 5 4 2
Egg powder 2 2 15 1
Vegetable oil 10 10 10 9
Mix of spicess 15 1.5 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 1.5 1.5 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 15

* 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 1.5
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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 7.3740.45% 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+1.152 6.64+0.912 7.89+1.052
Texture 6.27+1.272 6.45+1.312 7.23+£1.722 7.94+1.342

Overall acceptance 6.63+1.62° 6.37 £1.47° 6.92+1.38% 7.65+0.66%

(P<0.05) cesla Lo oy o sme BB oaumolis s, jo )0 Cilisee 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 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? 7.451+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+£1.272 6.52+1.722 6.11+1.34°

Overall acceptance 7.65+0.66° 6.20+1.24% 4.43+1.38%® 3.01+0.66°

(P<0.05) cesla Lo oy o sme ST oimolis (s, jo )0 Caliske g >
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
Chemical Peroxide value 0.71£0.03 0.500.04
(meq O2/kg oils) TBA T B
(mg MDAV/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) 871+46 962+54
Textural Cohesiveness (mm) 4.82+0.14 4.77+0.12
Springiness 0.91+0.02 0.9240.03
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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