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Introduction

Consumption of ready-to-eat products especially seafood, has become very popular based on the lifestyle
during these years. Battered and breaded products are highly acceptable due to their attractive appearance and
unique taste. Shrimp and shrimp products are one of the most popular seafood products in many countries because
of their unique flavor, nutritional value and texture. The interactions of proteins with other ingredients can play a
critical role in the structure of processed foods. Protein-polysaccharide interactions provide functional properties
in foods especially when proteins are the main ingredients, such as processed shrimp products without affecting
the original flavor of the food. The use of gelling properties of carbohydrates in the formulation of food products
is increasingly growing. The wide variety of hydrocolloids have been examined to modify the mechanical, textural
and functional properties of shrimp products. In this regard, application of carrageenan, xanthan, and alginate have
been reported to improve the physicochemical and sensory attributes of shrimp products. In the present study,
surimi was produced and used in combination with different percentages of carrageenan, alginate and xanthan
gums in order to simulate breaded shrimp and produce shrimp nuggets with a texture similar to battered and
breaded shrimp.

Materials and Methods

In the first step, surimi was prepared from silver carp fillets. In the next step, shrimp nuggets were produced
from obtained surimi in combination with additives (including starch, salt, garlic, and spices) and different
percentages (0.5, 1, 1.5 and 2% ) of carrageenan, alginate and xanthan gums. The prepared mixture was kept at 35
°C for 1 hour and then battered and breaded after molding. Physical (expressible water, product yield, and
shrinkage), chemical (moisture, fat, and pH), color, texture, and sensory analysis were performed on several
samples of shrimp nuggets (containing different percentages of carrageenan, alginate, and xanthan gums) in
comparison with the control sample (battered and breaded shrimp immersed in salt and polyphosphate).

Results and Discussion
Based on the results, the amount of shrinkage decreased in all samples containing gums in comparison with
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the control (p < 0.05). Shrimp nuggets containing xanthan and alginate showed a lower amount of fat in comparison
with the control and the samples containing carrageenan (p < 0.05). The highest amount of pH value observed in
the control sample, and the sample containing 1.5 and 2 % alginate showed the lowest amounts of pH. The shrimp
nuggets containing 2 % alginate demonstrated the highest amounts of water holding capacity.However, the other
samples did not show significant differences with the control (p > 0.05). There were no significant differences
between the control and shrimp nuggets containing gums in terms of product yield (p > 0.05). Shrimp nuggets
containing 2 % xanthan and the control showed the highest and lowest amounts of brightness, respectively. The
highest value of adhesion observed in shrimp nuggets containing 2 % alginate and the control. The lowest amounts
of adhesion were observed in shrimp nuggets containing 2 % xanthan, 0.5 % alginate, 1 and 2 % carrageenan (p <
0.05). Samples containing 1% carrageenan showed the highest scores of the sensory attributes of taste, smell,
texture and overall acceptance, as same as the control (p > 0.05).

Conclusion
Hydrocolloid additions were found to be significantly affecting the quality parameters including fat content,
pH value, shrinkage and texture of produced shrimp nuggets. Therefore, it seems that producing shrimp nuggets
containing 1 % carrageenan showed the nearest physical, chemical, and sensory characteristics to the control
(battered and breaded shrimp), and this sample can be used as alternative of battered and breaded shrimp.

Keywords: Breaded shrimp, Shrimp nugget, Gum, Sensory analysis



olnl 213 gabeo g pole Sletrgsy 4y
https://ifstrj.um.ac.ir

AT A

;....h"' }j..\: Jlas
YYV-YYV .o AFF ji-0l0,5 ¥ ojlous Fe ol

Oy 5 ST OW3L b S 5 53 Al essw ) 65 555 <L 3L s

* IS tdll Olam s fS1 =t B la )y 0918 T gunitorr il =T (g5 5500, 9 s =T 5 0La ol
VEY/EAY L3l 5 b

VRN 5 e st

B>

b 5o 5L g 5 ()89 S (ilusend pslatods plily 5 Sl (Ll s slastod b oS5 50 wlpld anyu Sl pSl Gidow )
VO e [b) chlie sladoys 5 o 53938l b S5 1 loys )98 sale I ol sonygm S5 J) 550 SCS o 0latisl (g)B g 950 alliie B
5 oS5 o (o3 Oltalel B8 15 b (B g alE oo YOC (slod 1 (bplsd ) g 5 505 4 15 5 Sl 3l (¥
ald b duolie )3 bajlos adS > (SS9 jhie (ol @l (oluly 28,5 pll () g 95n) 205 jloi b duslie )3 (525 slaylass o (o
(p < ele0) w3l lis 3l sgl slojless g amld o b o |) a8 o e Sl g L5 sgl slajleg (P < /40) cL hals
omicdly slaasls olis oYl 0 etnlie SlLPT Aoy ¥ gols sl 3 o (6)S5 byl e YL 5 sals jles ) PH e o YL
V sl e (D < +/+0) 15 salio Sl gols slajlas 5 Sl sols sl o anld sl les 1> iy S disns 5 b o s ol
Sl Gl 1) )l sine SHST a0l iges b awglio )3 (Jg 3,5 €dbyd 1) (J5 (hpdy 5 8l i ool (o glapadls palio cn 5YL Gl 4oy

550 C5b o6y g0 95n e (o yom ¢ 5T 1 SIS (019

3590 03938 55 b slrodjolyd g 3 Wilgs oo @lio doddo
ol anlis (65606285 (Hannan et al., 2022) 5,5 1,5 solatu! S 03l] Y guasee &y o HEALS G puae Ll 238l

35 w938l (35,1 b (slaedyglp adg g il Sl oslisel ca ISl by @bl Gyas 5 Ll 4 gy oy, 5l
slp bawly 2o (slaodygld loin & Cunl (plo (o) 9 s N game ol (91 wpied 3 Gl > oyl sl ol
tlo g Ailo Bymo odlel 5 039381 35)] b &Y guame sy Cosl G pas 03le] (glalie 393 cdnols 3131 500 slacole g
o3lisl 3)90 005 (5iluodnnsd (slmodygly8 5 CSL ¢ oalo dxgl 5 S5 a3l cblié e > (Pourashouri et al., 2013; 2020; 2022)
L bl fle 51 .(Yingchutrakul et al., 2022) 5,5 0 1,8 i Sl b ey ) 6 are Glyedy ale CudsS «hypan
Hypophthalmichthys ) slo) ;g8 aiile (o8)9 0 oldle «udgS 5 Sine dlge dayalivg Cawl 3B &S YU Sujolam 55 9 ol
0392 2k gldle J 5li)l sl 45 3 b Glgi s 1, (Molitrix 53,5 Iy pols ol i 515 oyt 3 |y dhe oy sl

(Email: shabanpour@gau.ac.ir :Jstue sy —%)
9 ($jobisS pole olRisly ¢ M &Y quazes 6)9])5 09,5 (558> Jwasdl )8 5 jpuie s obyd (1958 g pale oSl by b mlio 0Ll (M 09,5 Lokiol =Y
Olrl 5 B (b gl
Oyl csog)l cdrog,l olKisly carog )l anlyyd Clisins oaSiimg s Hbobusl —¥F
https://doi.org/10.22067/ifstrj.2023.83269.1268


mailto:shabanpour@gau.ac.ir
https://doi.org/10.22067/ifstrj.2023.83269.1268
https://orcid.org/0000-0001-6632-5893
https://ifstrj.um.ac.ir/

V¥ im0l 5 oY oylos (Yo als eyl ol lié @obiuo g pole sleiungly 4 i YYF

Uiyl Y gae )> &S (6,55 GluS 5 oy Sedes 3l (et AL, 2016
Gob 5l &5 ames obadglSy e Wad oo edlitul 03953l
g J5 @b g Sl g e laonSon b piiSen
rotse J5 oS 231t 4 SaS 9 O (0S5 S o s sl
suBle b sl (Nafiez-Flores et al., 2018) Lo oo
9355 o0 gl ycusl (Chondrus crispus) Sls g5 Gl a8 c!
D & (38 4 pais Bl 5 (SuSCes Ol Car 4
Sy @ @lo 3 SlodpS pba o il wila
P dop DL Y e 4 oL S e 8 ealil
ol (popp by 0l (Giloand (slaodygld (gmYse)d
Lo S5y 4 (5489 0 lu T (Emo et al., 2013) 595 o
sl Slogtd 2y oSy 88 ol 3,5 & lo (slose b
woug J ol by slalie o S0l S lsisar 5 bl
WSS Il dopled wile olss eyl Sl T 3ed e ool
3 cilie Sl Coa g 03 (gmadgel o g J Mg 3l
335 o0 yly8 oolatl 3y50 iris Y gaste plu g 09,1 dlge dalic
» ool eslizl 31w,y ,» (Hauzoukim et al., 2019)
s S 9381 &7 A5 asetio anyge J (Bl Sluogald
J5 St 5 Ll 29500 J5 (5 9 ST (05 ol 2l
o 28 8,8l b lj ke (Galus et al., 2013) sals’ .
gl & lute ligegsl; Sk 5l ol hwg &5 cul
Fsse 39 pEsde ll5 g 0 WJes Pseudomonadaceae
5 plle )3 (> 9 3950 Jo p)S 5 0 T 3 (Salu 40
2o HPH St A el e e Jsbe
2ol 5 Olgie a0l il b oad dlool 4l jeSuw g
Hasanpour et al., ) 5,5 solawol olie sbapims | (o)l
lagas (s K> Clids @l loly 5y ol 51 (2012
Ban b cuslio (6 8os (sla S g e 15 5 lo Pl )l
oz Sl odlial b ()l 95e arlitie (8L L 9o <SU A5
)8 edlitl 3550 doges Cilizee gladio)s b cuS 5 > aiblelsd
500 g jldands (6500 cBEST 155 ) e il ol 53 i8S
oy PS5 W9 g8 Cnyite dbgpe Slilol plx]
oo 5L Mg Car oy 505 (ale (serppe b oS5 3 ¢

D)5 o !

W yd9; 9 3190
S s 3l 9o

ayj0 jl o3l 5950 gyl g 5K iliBie (gl Lo A5 Cupx
Sl ol s le ik jlojl (sloyks y5iS (plo g 550 Syg

o & yoyhe adgl oole laicay Laa"j 51 ookl (goladl Jaj il o
(Li etal., 2021) 1l
culie Cou (o Shy g 284 paxie b Jda Ko b
ey el b cuasS 5 b KO (gjlwodlel sl oale A5
GBI I (S 5 el sa > SBIiE o & s S
dgd oo odlitwl las 5l alise bl o oS cwl ol Lol
Bpao slp oYL lols 4 5. (Gulzar & Benjakul, 2020)
e el oo eyied 3 cagyin dvo Joa Lol o) s S
4 odd gilwand by slalie wie) opl .l sad ials
Cargpe o ol b 4 4255 b 0 (Giludend SV guao lgie
b ple (g mlie jload (gilwand Y gase iladl (ool
Silond (@l odle Sy ©jgod 5 4 corygw b Oml Cueid
Sun & Holley, 2011; ) sei 0 (>lyb Vb Cuod b (w89 0l
(Hannan et al., 2022

oSl (5ge sFee and Mol Jpame Koo 5L
030 C)'Lol 9 uSL: J.:.hu dl).g WLA k_JL.S)J )i.{.) l.s b‘)o.h (I
i dgre (Slacutop gl el )b ) oS 09 (i (550 4
Syl el onimd gab g atwlis 3938 s 0 lagyl 3,8 Jo
ol e 35 o W5 Al €5 5 5B (lpls
glo g sl o ldavly s S5l J§ S5 (Ul (onyg
blite b3yl b | g sl of ploislo ) oS ol
J; 25 .(Sun & Holley, 2011) i o sloms] digy s Sy
M ly culie <l St alsyo (pSnte (Bl (1S9
(oS ChLE A5l (S5 Ll Lo o 608 by Js
Chen ) 5,8 o )8 1l cos a0l 093 5 Lo ¢ gy &yd5
Cod b & &S Oyl 5l b J5 aSs S (et al, 2021
oS Bk polss (59) ddlige (@Il loj g Lo 55
Dl J oy J5 Ky 5 2l

» e Bl b oo 03933l (conjg CBb 4 & (SlS 5
Al hios > il sl Jame (ugby 9 (8L b Sy
N rSole g CuleS p 1) jwgdgr g paiS (Slhg sl yud (3958
Sbyid (lo (opgw J| Mg 55ue G 03)90)5 5B i
b o> £ e300 Mol L e ol L0l )18 Ly 3550
b S5 s 9 (Bl olss 2 a5 pud b dslie 3 jwgdg>
Heydari ) cusly oalles 3l o (g5lodond (s6%ue 8L oy & puo



YV iy s ola T oLaihl b a7 5o (oalo (sos ygm 3 Goidsi (595ue ST Bl dgute <oy 500 9 593 lond

ol s 35 oS 5 a0 Y g VA ) /0 calisee (glacums
1 6 S B ATRAXND o5l > UK Lubatno (530 slac B >
o M odd J1)8 bplgd cas celo V e 4 YO °C (glod 3 g
WJS5 255ee GBSl ooliul b Jols e 2lpls loj (Lo
ol cov s o Job cllad o 05 6,8l
85 )18 (35 (5 Bgw 5 (IS
SLESL g 5yl g (slogSio gyl g gy (45 JolS 5l sy
e ogasio) OS] (alS () 3l edlisl b sudg (55
Moulinex ) S 5 ash Yo Gdeds (o)l ¢3S

Oygody DS Bl ax > VA gy o (Toucan ADR2
2O Sl 9 00d E g Bres (25 E w0 b9y 4 Sledie
u.»fu.s) p{ryvow 09 PHLLRLS )Lw » L;Lm)bfd e slod
W43 ,5 desmie o1 )F il dpd =Ve 5518 50 g o (gAALuy

5 Sy mwcdl (Somd lisleil pbul glateds
g oxd pbl () pdigel (Bolai jobas ilises (sbyles 5l (s
2 1SS a5 dbgrye Slivlej] chare (glod y> oldjdlessl
2 B BsKie (e ).Jbi sy cd S Oy Ltn‘_’j &9
Moulinex Toucan ) oS¢ yw ,> by ¥ Sdedy I3, S8l 9,
3545 ¢y (ADR2

@202 9 Sk pualle s pSe il

O3y e ) Ayl (g SHE ully ladiges Cugbs; lade
WT-binder ) ool 5 (5,5 Kis jl 49l 59 9 (Sis
sl YF 5l Gy 01,8 il a3 V40 sles L (7200, Germany
sy (Gerhardt, Germany) aluSgw olSiws | .o duslxe
oalaiwl b X C‘)é":'“‘" A5 el diges o2y JMde d);a)'bjl
(AOAC, 2000) 1 pbol sl Y/ (b g il podgyo 3l

PH (s 180 3lal

oo Ol i dee Ve )3 00l gy (sladiged Sl S 0 ke
Metrohm ) ypH I ealatwl b badiges PH jlads 5 A 0}u5500
A (g Sojlul (model 713

SLid Gl gl lade
3D g onds sy s AlS g0 (W) dses p)5 0 lade
Sty 3 o k3 e S (dke 0) oSl oy
Vevve g% 49,0 (Eppendorf centrifuge 5810 R, Germany)
e 5 ab (g pSojlul (WF) ladises gl 59 iy VO b

859U pole olSKtily (51,8 olStlojl 4y calio Bp b g 005
wolds (iglS 3 paS o) Nas Jie (55 ek sl
S b 3l 6 )Brgw 3] s ag lxe il S g 0SS
alStalefl a0 b oo dlge ad (g0 5 loll )b

LAb ags (Darmstadt, Germany) bXos ¢S, |

g S

g slrel Ao g 55y couditands Sl gy oy )98 sl oalo )
Cosiiuds 9 045 (scuiosS (gilwlin | s g 0nd ags ald s
o8> by ool cloals gl o Casgy cale sloals
oo dw I gy Jolbs (e e 10 gilulia S lgel
(eog AR5 polaieds DS WG ceryg g Ol b gt
M gdid (gladdy Ve JSew aw (boald Fp cdsS
390 Ol lie 353 amle ¢y (Shabanpour et al., 2007)
S9b FSe S 3 Bl b okl By 63 5l eguiitundd (6 L
O9p0 A 4 o o 4 31T il 4,0 ¥ Ol g o F > oS
NS e @Y EY sls by 5 ol bybrs gsl> 355)5 Sk
Lol aids Vo odo (ol 0 Ol g 0 Fyn bS5 13
d,,.iﬂ OY o0 cadais do b 5l edlatnl b Jols bglee s S50
Ol b b 1SS Jol dls o ilo f5 gutitd pows g pgd Al ye 03
sy ¥ S Ol i 6 e poms sl o )3 oS glis
Mg 59y b g ad (glbdlan GuS G 0 Jeol> anygu A0 ool
A (5l )5 (Bl dx )3 =Ye )38 )5 Ko S

9520 0SL 9 (5,1 g (5 5500 wal 53

A5 ol oad (6)Bgw JolS (555 Wy slp sSee ]
i 32 2 235 V0 (55l (S Jplons 3 (55T o g
aady ¥ooode 4 oS e vy ¥ ol b clawd Ligy o
oty AL Ol Gl 535 O b gt Sl ey 2505 jgabgé
Sl )3 5gebst gl 350,] Alp ot i iy IagSe caiis 0
o3litl 3)00 Ol Jgo 8 a5 )15 (g)5 0w 3 b w3 sy 5
Y (ol dopd Vo diwlids dopd Yo paS 3l oy 00 Jolis
S dlge S Canns b a5 D90 Kb 2o 2 ¥ g y0g0 SiuS duoyd
Jamshidi & ) wi bglsce (31,5 slo dxd V+) Ol o g S5 g
.(Shabanpour, 2014

S5 b sl 155 ale g 550 <56 155
o)y /)y doyd VD) Sas oy V) amolis wle
P 2o /N gan Ger g doyd ) je)E Jall) Clraygol
b ol o Sl (L3l lages 5 (109 V) o5lisd (55500



VT o010 ,5 oY oyla (Yo als oyl ol (1 @ibuo g pale gleiamgy s pis  YYA

OB b @lie 5 (55)5laS oltily (hgoetils I )85 V0 Lawgs
el 3 odlizl bz 8 )18 syl 5yse (Jle Yo B YD o 03))
ol oluly (s laadls & olbj)l (slas e 4 Sgan
(i le coledee o)y caleda) 13 el 46 S 1ol

(Nino etal., 2022)

Sylel 3aIlT
one way ) 4é,bcSs Ul 5l wals o b b loss aunlio cas
Sls duglio 5 15 odlizl SPSS 58l 5 SaS | (ANOVA
=o/00 Jlais] pdaw 55 Sl glasals sin 9050 51 o0kl b Laosls
il cloigasl s cglmosls U (ol b8 plool @
9> dulie gl ) (g 9 (09,5 Nz dlie gl ) udllo Sy S
Cygas HLSG Y L oy bt 0)5 eolatwl (a8 b 0g)S

ol 035 &) Jno Bl il £ 5 Sileo

EX RS

5 95ee U Gl glajlo (22 9 Cush) polie ) IS
S re BMS] sald Hlows md o L 1y (L5, o §5u0) Bl
SBT3 2o VB g5l e D> +/+0) 318 oLt ey il b
< e fah) ol ol bjles plo b duslis (0 1) cugby jlade oy YL
Cugby polde jd (6l gxe AME] lausglSs um o yd (io158l (D
Casby Yo 45 Jlo 5 ol Lt ol 5 Sl cols (slolos
WslSe dop ke Ll b Gl ol bajles 5
S5 J5 a8 Yaasl Lp < +/+0) €l gy ine Ligl3dl
Ol pls 4 b slisil glod § S dewo (iiSwa 5l (8L 03
D Em b s ooy g3 3 o ol slass
g Sl b al (b YL o) L 4 x4 335
o938l & woby 5,155 56 (Zhang et al., 2016) Ko
Ji lle s Shy 9 <l dgme el Sbus 5 Gl
b (g0 g0

AW a8 o ol o ol s N JSS elwly
cilize gladop ol clajles 9 wald jlag le sz
Ssb jleg @ J 3 p > +/00) s eaalie Gl
awlio 1y (6108 oy ke ol 5 ol calise (class)d
slojlos o o il cde (p < +/-0) Wby ol sals Hles b
4 3l on (Il gl slaless 4 Cans 15 g Sl ol

3- Blade displacement

Ramirez et ) us dwloe (V) dolee olul p jlid cod cugb,
(al., 2010
Wi-Wf

oLgJ»,léJ(%)z( - )xlOO ()
SS9 Il 9 Jgrans oujls (5 puSo
Sledde oud Fyw diged (Jaaze 035l (samolre (gl
Er 2l 5l a8 caslosl o) (A) adgl 159 5 08 (pjg
(V) dbolae ol g 60 (12595 (B) sa0m0 Wadiges caled 025
WM Aol Jgazs 033l JMdo
Jgazo 03} (%) = G) x 100 (v)
o 9 (A) 0205 e J1 U dige p (T) s 4 (D) 5las
SHS 92 e 9 28 xSejlul (B) ol (8 e 2l
:(Jamshidi & Shabanpour, 2014) wé auwbxe (V) dslee 3.

_ (TB—TA)+(DB—DA))
0, — - - > -
L;"\"S9)> (A’)) = ( (TB+DB) x 100 (\”)

S

CAM-system, England 500, ) Lovibond 5wy
ool eSSy (gl yielyly (5,80ill ol (Amesbury, UK
Voo b (Lol dm) + 5l olidey (ot ls by (glp LF juaie .0
) oS dm ol glp @ el (e M)
Ol slp D* (asll 5 (5w odimd Ll —8% g 5308 odimd LS
2L (5 ol oaimdyLis —b* ¢ 53,5 eaimd oy Lis +b%) JT-3,5 sm
.(Nino et al., 2022)

il

Texture analyzer olKuwss jl solatwl b ladiges suwwcdly
diges ialej] ol cga b plosl LFRA 4500 (Brook field)
b 2 o e V iy b )b G (TAT) US98l gy Loy
8 (Sl Jold AD (e oS el g pte e Ve
(Huda et al., 2013) wogy (onw g o yid ¢ JS

e il
SSEre 4B ¥ Sdets (55 $5en SRESL IS Gt
9 BAD Fpw 0, 0k8] ng, 40 oS Sle a3 VAL lad co

1- Load cell
2- Trigger force



Y4

oll5 5 Sl IT L3 b a5 50 (oalo (so1 ygm 3 Godyi (595un S Bl dgute <oy 500 9 593 lnd

Ol s o jlailen ud (08 Ep ulp (b i (g,
P ol Cugby G Ole et L) an3 o0
5 b i o oyl o5 5 atnlie ollj (gols (sloles
Chen ) oylSen 5 s 5 (Gibis et al., 2015) San g ussS
Ew sdlo 426lS" (cgy y adlles b i gay a5 24 (et Al., 2008
Cagbo) (28l (s (awgSias L3I 253,87 (B)135 ol 5L 5 0ad
S35 e 35 G Al (b o bl ple (i R

o1 JSui5 (J5 s b bl 5 baadolSg)am (505,118 (s0920
Wl b ) S plSotl g Lain el a5 g pghy sl bgsye
O3S e gloj (b ) By e cales 3 9 3580 )5 E
Mer 5 bt b L oaols wls e als
550 <8 1y bageus (934381 431 48" (Haghshenas et al., 2015)
).\ol> d,‘bé' 90 dwy o0 )Jaadu sl L;)bm IRVATY) b.); X
oS by (g aSmiume syl 1) g ol T clagons 5,

S i g Cugb) gos Bl Sspsbar widh S gaype J)
¥ Motsture Cugb, FFat s
a
50 A b
',i bed R bed o be be d bed be be be
b
&%
k)
s
3
E 30
E
-
g
E
z
e 20 4
g
S
e
E
= a
g ab a a abe s 2
<
é 10 A d d d d d ¢
0 J
¥ a3 A3 Ny 3 \,ﬁ\ @'3\ \)3\ e R LI LU
Pl N T T R i R
& Q" » 1-\9 Q"' o ¢ \"v\ ?‘\ \"’» Q'ﬁ > \f= >
C D & N & & & & o« s &” o y
& & & & o RS & ST
& o8 & & &s’ ‘*‘&’ _‘,& *,& ¥
VA
e ha +
< Treatments L los

Cilises (gl )3 b cuS )5 55 cotyom Il Jols (5550 CEU glaylosi 5 (551 g 95u0) 0L Jlowd 13 (22 9 Cugby padlie Y UK
W15 5 Slal e izj1,8
Fig. 1. Values of fat and water of control (battered and breaded shrimp) and shrimp nuggets obtained from surimi in
combination with different percentages of carrageenan, alginate and xanthan
(p<0.05) 1L o yloss cpu Jb sime BMuS] oy LS ¢ldgas > (-0) caliso g ys . Llosd )by Hlme Bl youil F )1)S5 ds (1Sl & jgody odls
The data are expressed as the average of three replicates + standard deviation. Different letters (a-c) indicate significant differences
between treatments (p<0.05).
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Table 1- Values of express water, pH, shrinkage and product yield of control (battered and breaded shrimp) and shrimp
nuggets obtained from surimi in combination with different percentages of carrageenan, alginate and xanthan

e MglSg b glaso S Cod Cugb, pH S92 Jgazme 035
Treatment  Hydrocolloids percentage  Express water (%) Shrinkage (%) Product yield (%)
sl - 7.0£12.222 6.0+95.012 8.4+49.702 91.1+81.09%°
Control
0.5 6.0+19.01% 6.0+£77.01° -1.0+39.85° 90.0455.37"
Sloshls 1 6.0+85.01® 6.0+85.01° -1.1+86.03° 91.0+34.18%¢
Carrageenan 1.5 8.1+14.51° 6.0+80.01% 0.0£01.56" 90.01+49.11°
2 6.0+02.16® 6.079.01% 1.1+09.1%® 93.10+32.46%
0.5 6.0+82.06® 6.0+78.01% 0.0£78.43° 93. +83.50°
ol 1 6.0462.21% 6.0+74.01° -1.0+11.37° 93.0+14.32%®
Alginate 15 6.0+11.09%® 6.0+60.01' 0.0+01.66° 91.0+87.41%
2 4.0+44.19%® 6.0+61.01' -1.0£27.97° 91.0+82.45%°
0.5 6.0+01.29® 6.0+67.01" -2.1+54.30° 93.1+14.35%
ol 1 6.0+13.12% 6.0+£71.0¢ -0.1+55.01° 92.0+10.13%¢
Xanthan 15 6.0+16.32%® 6.0+80.01° 0.0+88.6" 92.0+£17.34%¢
2 7.0£13.51° 6.0£79.0% -1.0+30.65" 92.0+19.35%¢

(Pp<0.05) sl o ajloss oy ylo sixo SRS sl (i ¢ygiw 5 iy 4o 3 (B-C) calisee By > . losd o Hlre CBlyoul 1 )14ST s (1Sl & jguody laoal
The data are expressed as the average of three replicates + standard deviation. Different letters (a-c) in each row and column indicate
significant differences between treatments (p<0.05).
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1- Adhesion



VFeY i-010 5 (¥ oyl Ve ade> oyl ] (2138 2o luo g pole Glecddrghy 4y pis

Yyy

=L* "yt "a*
70 1 a
-~ " d
be be be . S = P be be b
£oli
B
E
2
i
S
e
-
B 4 4
E : ave abe abe % abe be = abe abe g abe
»
£
{ a
X 2 4 abe < be abc be
3 " ¢
‘4
“110
o 4
v 4 R e & A A ) 3y 3 N 3
SN I N I ST R I
008 . \\D N ‘y‘ ' @\\ . ‘:" ‘Q 3 Q\ ?‘ "
d o> f ) & & & o o & o jr
0’~f'¢‘f§*w$’é’#’s’<
A A AT & 1" ¥
%4 & Treatments 1a Los

S0 )3 b S 35 45 (oo ygm I Juols (55500 CSU (gl jlon 5 (5L g 9500) WAL Lo )3 (2R Sy Glapad Wi ju3lie -Y UK
OWl5 5 Syl (1, oo
Fig. 2. Values of color analysis of control (battered and breaded shrimp) and shrimp nuggets obtained from surimi in
combination with different percentages of carrageenan, alginate and xanthan
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The data are expressed as the average of three replicates + standard deviation. Different letters (a-c) indicate significant differences
between treatments (p<0.05).
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2- springiness

b)) e IS e el Bl b)) laygs
blo)l (JSs o oblg b jlade g oo odliinw] cunsll culild
aslllas 4> .(Bechtel et al., 2018) 5)ls atwey (635 b oouiiiuno
9 ols log e B oS 556 3 (5l Sl Sl
ul)&aﬁ 9 d)l)ﬁ R d)b}w GQLO 41».9 dalllas » ..)9;:.3 (_?Ol>
o S s asls &S WS 5155 (Moradi et al., 2009)
POl i s b a8 ad Giliel jled Sleade 0,8 Fpw
Ol calae
oad aBld 5 ehe Sy Jl (S T cuols
oS 3b ) Jaasee (oblgs (glime 4y g Cawl 0ads olplod Y guace
» (Noordin et al., 2014) cuwl s s algl clbs
GrYL Coyd Jlde o5 as Y gl slajles yols adllas

1- Deformation
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Table 2- Values of texture analysis indices in control (battered and breaded shrimp) and shrimp nuggets obtained from
surimi in combination with different percentages of carrageenan, alginate and xanthan

o S5l 0 slaao S S S gt Cu o S
Treatment  Hydrocolloids percentage  Adhesion (%)  Deformation (%)  Springiness (mm) Hardness (N)
aald - 55.5+7.42b 14.0+9.01* 128.8+50.08° 3200.681+16.47°
Control
0.5 48.7+2.29° 14.0+9.01% 223.31+66.06% 2506.198+83.96%
Sleshls 1 49.3+2.43° 14.0+9.012 238.57+71.84% 1966.242+16.11°
Carrageenan 15 68.8+4.90% 15.12+8.10* 121.29+25.01° 2308.60+66.78°%¢
2 72.745.83% 14.049.01% 289.47+76.12° 1879.147+66.83>
0.5 48.4+8.29° 14.0+8.01% 202.19+47.96% 1591.8+33,98Pcf
byl 1 67.5+5.55%® 14.0+9.01% 172.25+37.06® 750+90.85%"
Alginate 15 72.5+8.57% 14.0+7.012 121.24423.12° 479.46+50.6
2 112.3043.84* 14.047.01% 105.14+25.32° 537.55+50.71f
0.5 64.10£19.97% 14.0+9.012 159.24+16.17® 1525.105:+50.09Pc"
sl 1 59.10+38.51%® 14.0+8.01% 207.28+38.43% 1248.181+33.24%f
Xanthan 15 78.3+17.65® 14.0+7.012 203.8+75.98% 743.42+66.35°
2 44.10+13.13° 14.049.01% 121.11+16.95 1157.138+83.40%

(P<0.05) sl o oyl oy 45 imo BB oaimd L g 5 cndy yo 4> (B-T) caliseo Bg > s Ly Hlre Bl il )15 des (1Sl & yguody laodls
The data are expressed as the average of three replicates + standard deviation. Different letters (a-f) in each row and column indicate
significant differences between treatments (p<0.05).
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1- Hardness
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Table 3- Values of sensory analysis in control (battered and breaded shrimp) and shrimp nuggets obtained from surimi in
combination with different percentages of carrageenan, alginate and xanthan

o Mgl g b (S )3 $2b U b ¥ cdl oK ot
Treatment  Hydrocolloids percentage Appearance Taste Smell Texture Overall acceptance

aals - 8.0+33.15% 8.0+9% 8.0+46.16®  8.0+13.8% 8.0+40.13%

Control

0.5 7.0£93.112  7.0#40.13*  7.0460.19° 7.0+73.11% 7.0+73.15b

obushs 1 8.0+£40.16° 8.0£53.132  8.0+73.11*  8.0%73.112 8.0£80.102

Carrageenan 15 7.0+86.13%  7.0£80.10°  8.0+45.10%¢  7.0+66.12% 7.0+73.15b0

2 7.0£93.11°  7.0£60.16™  7.0+86.13  7.0+60.13" 7.0+26.15¢

0.5 8.0+80.09°  7.0£66.18>  8.0+13.21%° 7.0+86.16™ 8.0+13.16%¢

ol 1 8.0£75.10°  7.0+33.15"  7.04#86.13% 7.0+53.21°° 7.0+26.15¢

Alginate 15 8.0£70.128  7.0466.12°  7.0#86.13% 7.0+53.21%° 7.0+40.19¢

2 7.0£86.13°  7.0453.13*  7.0+73.15° 7.0+66.12 7.0+33.23%«

0.5 8.0+33.122  7.0£80.17°  8.0+46.16®  7.0+60.13% 7.0+66.185

okl 1 8.0+13.122  7.0#66.15"  7.0£86.19°  8.0+51.12 7.0466.270

Xanthan 15 7.0£93.15%  7.0£86.13%°  7.0+86.16°  7.0+86.09> 7.0+40.19%

2 7.0£93.15° 7.0£26.15°  7.0473.18"  7.0+33.12° 7.0+80.020«

(P<0.05) w3l oo laylass 5l sine OS] 01imd (LS (g g i3y > (A-0) Cilisen Ly blosd o jlme Gl )5 dur (pSilia g0y bnodls
The data are expressed as the average of three replicates + standard deviation. Different letters (a-d) in each row and column indicate
significant differences between treatments (p<0.05).
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Fig. 3. Values of sensory analysis in control (battered and breaded shrimp) and shrimp nuggets obtained from surimi in
combination with different percentages of carrageenan, alginate and xanthan
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