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Abstract

This research aimed to evaluate the effects of different ratios of unwashed striped catfish mince
(UW-SC) and washed Nile tilapia mince (W-NT) on the gel properties of mixed fish gels and the quality of
fish balls. The mince ratios were varied at 25:75, 50:50, and 75:25 (UW-SC:W-NT) and subjected to two
heating conditions: heating at 40 °C for 20 min followed by 90 °C for 20 min (40/90 °C), and heating at 60
°C for 20 min followed by 90 °C for 20 min (60/90 °C). These treatments were compared with Nile tilapia
gel heated at 40/90 °C (0:100) and striped catfish gel heated at 60/90 °C (100:0). Subsequently, the optimal
formulation was selected for consumer acceptance testing (100 panelists) and nutritional value analysis.
The results indicated that the incorporation of UW-SC at levels of 50% or higher significantly increased
hardness of mixed fish gels (p < 0.05). The mixed fish gels at ratios of 25:75 (40/90 °C) and 75:25 (60/90 °C)
exhibited the highest gel strength (p < 0.05). Increasing the proportion of UW-SC tended to decrease
cohesiveness, breaking distance, whiteness, and expressible water. However, sensory evaluation revealed
that all mixed fish ball formulations received moderate overall liking scores, with no significant differences
among treatments (p>0.05). Based on textural properties, taste, and overall liking, the formulation with a
75:25 ratio of UW-SC:W-NT subjected to the 60/90 °C heating condition was selected as the most suitable
for consumer acceptance testing with 100 panelists. Consumer acceptance testing demonstrated an
acceptance rate of 92% and a purchase decision of 79%. Nutritional analysis showed that mixed fish balls
contain 14.81% protein, with low fat, cholesterol, and sodium contents, and was safe for consumption.
Therefore, blending striped catfish mince and Nile tilapia mince at an appropriate ratio represents a
promising approach for producing fish balls with desirable textural quality and high consumer acceptance.

Keywords: fish ball, striped catfish, Nile tilapia, gel properties, consumer acceptance
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geniealanilaniu YauefiAn breaking distance wax gel strength ﬁﬂ'wqﬂn’jﬁLaaUmﬁaﬁwﬁé’msmu 75:25 1ny
wavawanildidovandaisnsdiutovar 25-50 tluldaudeudt 60/90°C dien breaking force, breaking
distance waz gel strength Yoaninaavatanneaau vad erasdwluldsnAnarneulesd myofibrillar type

proteinase TuilloUandadslignidnmenisansinniesosas 0.3 (wAv) wasvihnuladngaumall 60 esriwaides

'
a

TuhliAanisaanefiveseadwaliivatamauiilddnnuudusiaaanas dedenndastusesiuves [20]
FIU91UIN @%ﬁﬁw%mmﬂﬂmﬁaﬁLauisuﬂﬂiama%ﬁm serine type proteinase 34ilAanssun1siiin proteolysis GG
gyl 65 ssmwaidoa uilinaroutieiosluwalanaufisnsdulaanesevandainty 75:25 (Uaniaes
oz 25) MnranInaaenziulii Sanduenievaiinadenmnmiuiedudavensatanay Tasiaavan
wanfiiisnduenaedalannniussdinsligungilunadnifuensautuedavarniuivuiudoduen

breaking force, breaking distance wa gel strength WalUSauiieuiunisigamaiilumsidndailiwmanzey
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Table 1 breaking force, breaking distance and gel strength of fish gel prepared from unwashed striped

catfish mince (UW-SC) and washed Nile tilapia mince (W-NT) at different ratios

Ratios of UW-SC: W-NT Breaking force (g) Breaking distance Gel strength (g.cm)

(heating condition) (mm)
0: 100 (40/90°C) 66.97+13.49° 5.77+0.92° 39.40+14.38°
25: 75 (40/90°C) 154.25+15.16 10.35+1.19° 159.69+23.91°
25: 75 (60/90°C) 94.37+22.44 6.77+0.81° 65.09+21.35°
50: 50 (40/90°C) 103.36+39.69 7.54+1.86° 83.25+48.52°
50: 50 (60/90°C) 108.66+22.73 " 7.71£1.07° 85.72+27.51°
75: 25 (40/90°C) 97.34+7.83 6.83+0.87° 66.87+12.03°
75: 25 (60/90°C) 146.02+39.29° 10.48+1.32° 156.55+54.96 °
100: 0 (60/90°C) 146.93+48.98 12.18+2.44° 188.09+93.64°

#d Mean in the same column with different letters are significantly different (p<0.05)

NAN19ILATIZI TPA vosaauainan (Table 2) wua1 taavarfiadauiian hardness (522.20 n3u) wag
springiness (0.658) g4131 WAl cohesiveness (0.692) WaeninaalataNedu (p<0.05) Fauandliiiudn
walarliadiu Tenuudaezenudandunnnni uallusameimanslueatesnineataraned lnsainuuds
(hardness) ¥alddude Aussdlflunmsilimenadsguiuanidaussilélunisnamedisseminsitunsuiie
WasugUs1siIeg1e vauziianuBaneu (springiness) Ao seduanuamnsalunsiudinduamilouduilofing
nouLsanaganllandIes s d1uAIn1sinIziI89Laa (cohesiveness) wanafsnuudaunssvasiusznislud
Aatulushedrudwiliegmuseussiinnsyireuiitedsaznrteusnsenainiu (21 deviledani
an9rinuinauiu wuln L'«aaﬂawauﬁnné’mwdaumaaﬂ%aaqamwmﬁﬁmm%wﬁm hardness g4n3aayan
4118874 (p<0.05) VugfraUaInaufisnsdau 50:50 (40/90°C), 50:50 (60/90°C) wag 75:25 (40/90°C) fan
hardness Liwaneneiu (p>0.05) warilAganinaauaniiadiu (p<0.05) Tnevavamauiisnsd 75:25 (40/90°C)
fifin hardness gafiga (773.04 n3u) ilefi915aue1 cohesiveness 11U walamawiinsnsd e siEesEny
msliirnudauiien cohesiveness sniaatananedu (p<0.05) vaiziiwalainaufisnsiasu 25:75 (40/90°C),
50:50 (40/90°C) wag 75:25 (60/90°C) fiA1 cohesiveness ganinaauariadu (p<0.05) uazdlAnggaiile
Wisuifleufumadaiwaudu 4 fasiiulid manaudeuaanelushsduiimnzauansotisusuuzseins
inzdmesalfiderFoudisutunalaiadudsdiimanzishan veienniosnmaiuvanaeadlute
Usulgdlassaaaatandalivilnuasmumudensneldfay dwsuan springness wui1 wavamaufinndasdau
#1A1 springiness gani19aUa1a88U (p<0.05) YuziiaUamaufionsidn 75:25 (60/90°C) fifn springiness
gmdmaﬂmﬁaﬁ”auuazmaﬂmmamﬁé’mm’w 25:75 (40/90°C), 50:50 (40/90°C) wag 25:75 (60/90°C) (p<0.05)
wifienladumnensanniavamanfishsnaiu 75:25 (40/90°C) uag 50:50 (60/90°C) (p>0.05) nsnauiievanides
siindsmarodnvasieduiasalsiuvannnnimsifidedarsialasiianilafissedraien Tne Yaranedae

WuAn1sinziveass luvasiivandadiediudinulasainauuduazauiavgurenas
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Table 2 hardness, cohesiveness and springiness of fish gel prepared from unwashed striped catfish mince

(UW-SC) and washed Nile tilapia mince (W-NT) at different ratios

Ratios of UW-SC: W-NT hardness (g) cohesiveness springiness
(heating condition)
0: 100 (40/90°C) 522.20+66.34° 0.692+0.062 0.658+0.052°
25: 75 (40/90°C) 523.93+82.29 ¢ 0.814+0.024.° 0.682+0.055°
25: 75 (60/90°C) 610.99+174.16 > 0.727+0.069 “ 0.679+0.105°
50: 50 (40/90°C) 668.66+44.51 0.801+0.021 ™ 0.665+0.056 °
50: 50 (60/90°C) 713.30+67.10 0.752+0.024 <% 0.723+0.052%°
75: 25 (40/90°C) 773.04+99.95° 0.724+0.023 % 0.726+0.063 *°
75: 25 (60/90°C) 647.47+43.79 * 0.764+0.057 < 0.817+0.339°
100: 0 (60/90°C) 282.81+101.68" 0.883+0.034° 0.562+0.107

*€ Mean in the same column with different letters are significantly different (p<0.05)

2. navasansdruldavaraneuazianiiasoA1n1uv1iuas expressible water ¥a9taauan
NANITVAABUAIAIILY LAz expressible water Uasaatanau (Table 3) wuil lwalanagiudaAiau
1331099 (p<0.05) InedlA1ANY LYY 85.00 druauaranegduileimuvntssninaalaiia (p<0.05)

=

Tnefiawviniy 82.24 eiosnuandadulandoruaziunanismidevarvisnsdadevan 2 ads &
Peidndaduazdensoniunniidova wusiivaransfideddusousuuns liiumsdradovaun Weduile
Uanaeseieumaisdmaliiaalawauiisanuimanaudndesmudaduievaans lnswavamauian
AruvTaglutag 81.99 - 83.66 d1niurn expressible water (EW) afuariivsuanisniuausalunisguni
youaa A EW Sentiosuansdt wafinnuanansoduinléd thidaigndsesninanaladsduiuslasn st
arwdvenioduia nansvaaounyin wataifiaduden Ew gefian (Fesay 75.65) muneaiudn 1wadins
aydthanmamniign sedenadululdilaseaasaiaealiufusaenadosiuiauuiusaaaes
wavaladudifians dwmaldliaunsofniuil36R szfnalaansdudan Ew silan (Govay 61.33) uas

o '

fndeatanfiadau (p<0.05) Fauansi walmaneduaunsaduthldinieavmiadiu arwanansalunisdu
ihiifuansisenuannsalunninaaiiivedusiudaenadosfunammaaouamnmiuiodudaiinauaans
Frufdranuufaussaauagnisinigdigeninaadaniadau ssdauaunsalunisguivonaalusiud
anuduituslaoassiulassadnavonaa lnswaiflassadiaudussningannsadndvilfIdunuazden
expressible moisture s [22] devilevanieomiaumaniu wui maiiatuvesdnduiiovatanerila
wavamauiien EW anaadliisuisuiunataiiadau ldesmnnssamioaiifaruaunsalunsifoeg
m"’wﬁ"uLﬁaﬂmﬁﬁmmmmsalumsLﬁm'«aaqqLsﬁ'wé’aaﬁ’u naAneaIzlsiunu Usinaideuaiifiauanus
TunsiAnieas WesanTusiu laleduanuaiiagn s (suwari) liliannsaduiulusivluleduanvaniiin

y113l6d [23]
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Table 3 Whiteness and expressible water of fish gel prepared from unwashed striped catfish mince (UW-

SC) and washed Nile tilapia mince (W-NT) at different ratios

Ratios of UW-SC: W-NT Whiteness Expressible water (%)
(heating condition)
0: 100 (40/90°C) 85.00+0.83° 75.65+3.24°
25: 75 (40/90°C) 82.49+0.54 < 71.71+2.04%°
25: 75 (60/90°C) 82.71+0.98 63.17+2.30
50: 50 (40/90°C) 82.97+0.60 ™ 68.24+1.15"
50: 50 (60/90°C) 82.23+0.45 63.87+5.06
75: 25 (40/90°C) 83.66+0.21 " 67.12+3.74"
75: 25 (60/90°C) 81.99+0.69 ° 63.18+1.42
100: 0 (60/90°C) 82.24+0.45 < 61.33+1.90°

*9 Mean in the same column with different letters are significantly different (p<0.05)

3. Nawmé'mﬂd'amﬁaﬂma'mlLLa::Umﬁaﬁiaqmmwmwixmmﬁuﬁmaegn%uﬂmwau
fmﬂmiﬂizLﬁuqmmwmwisamé’uﬁamaagﬂs?iyuﬂmwamwdwLﬁaﬂmmwSLLazLﬁaﬂmﬁahé’m’ldw
§14 9 (Table 4) WU AzUULATITEUALTAMATOIYNT UM HANTISHIIdIY 25:75 way 75:25 Tuvsaosanios
mslaudouldsuasiuumuvougsningniulariiadueseiifeddy (p<0.05) waziuuluazuuugani
qﬂ%uﬂma’mﬁau Tnongusnsidsnandazuuuedseglussiuseutiunan (7.12 - 7.20 azuuy) sgndlsin
dofansanandnunziusnuussng & nau deduia wagenuveusan nud manawdevaisaesialuyn
Snsduvesisananmrnisliinutou (40/90°C uaw 60/90°C) laifleuuansinaitu (p>0.05) laglésuazuuueg
Tudsweudnies G geuluna
Lﬁaﬂﬁmmwami‘vmaauqmmmeismmé’mﬁaﬂizﬂauﬁuNamimaaué”mﬁaé’mﬁa nu alaia
fudANV1IGER Tdnvarieduianiinuuduuundausie (high hardness, low gel strength) uaziaading
giylﬁaﬁmﬂ’ﬂdw Yugfiaatanane s nunsiieduianiiaumioinazanuudwsaean (high cohesiveness,
high gel strength) aflauanunsafniuinles uillanuwntesnieataniadu devifevaridesiing
wanfuRIBSnTIdmAe 4 w1 walamailidnune dedudaiid anundeuss Sanubaveuuaznden 1a
aunsndudldd wasdinzuuueuvousidliuandsingnsdu q ldu grsgniulamaudnsndau 75:25 4

60/90°C FsdmFangnaulanaugnstanarielilunmaasunissensuvesfuilaassly

Table 4 Sensory quality of fish ball prepared from unwashed striped catfish mince (UW-SC) and washed
Nile tilapia mince (W-NT) at different ratios

Ratios of UW-SC: W-NT  appearance ™ color ™ odor ™ taste texture ™ overall

(heating condition) liking ™
0: 100 (40/90°C) 7.76+1.09 7.68+0.94  6.88+1.36  6.24+1.59° 7.04+1.37  7.00+1.00
25: 75 (40/90°C) 7.80+£1.04 7.80+0.91 6.92+1.11 7.12+1.30%  7.60+1.19  7.40+1.15
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Ratios of UW-SC: W-NT  appearance ™ color ™ odor ™ taste texture ™ overall

(heating condition) liking ™
25: 75 (60/90°C) 7.84+1.03 7.72+0.79 7.16+1.07  7.20+1.50° 7.52#0.96  7.52+1.08
50: 50 (40/90°C) 7.68+1.14 7.56+0.82 7.04+1.13  6.80+£1.47%° 7.28+1.31 7.24+0.97
50: 50 (60/90°C) 7.44+1.36 7.32+1.43 6.68+137 6.44+1.76° 6.96+1.64  6.96+1.57
75: 25 (40/90°C) 7.60+1.29 7.36+1.32 6.80+1.29 7.20+1.35% 7.68+1.18  7.52+1.00
75: 25 (60/90°C) 7.76+1.13 7.56+1.19 7.04+1.31 7.20£1.38%  7.322+#1.37  7.48+1.23
100: 0 (60/90°C) 7.56+1.58 7.24+1.59 6.32+1.86  6.72¢1.72°° 756+0.77  7.32+1.11

** Mean in the same column with different letters are significantly different (p<0.05)

" Mean in the same column are not significantly different (p>0.05)

4. wan1snagaunseaniuvauIlnadagnulaiilonsy

£

Han1IVIAFeUNsEaNsuTewuIlna $1uan 100 Au (Table 5) Wud1 fradeuiduinaAnguazinAy oA

Y

1%

Judewaz 51 uaz 49 nuadiv dwlvejdvaaeusglungueiguinndt 20-30 U (Sewaz 52) sesaunfenguiuilng
919 41-50 U (3ewaz 20) nqueny 31-40 T (Gevaz 16) nguetgandy 20 T (Fevay 8) uaznguengannnin 50
($oway 4) muainu lnesegay 65 ﬁﬂniﬁﬂwwagﬁisé’uﬂ’%mﬁgwm§ J9RFREINITEAUUTY RS TeUaY 24 dau
T Bunquitnizew/dndnwiosazaz 48 sosawn laun enTniusivnis/sgiavna (Sesas 26) selddulngjves
Hnagauieea 38 agﬂiﬁlﬁaaniw 5,000 UMF LAY SR9a9K1AB T51elaunnn3n 20,000 UnsaLiau (Sauay 26)
dmuramvagauANYeU (Table 6 ) wuln guslaalvinzuuuanuveulunaudnuueiudnuueUsng & savi
dloduia uaraureuT ey fisEAUTaUTIUNAS (7.06 - 7.6 AxkuL) T finzuuumvaUf UNAuegTisey
youdntos (6.71 Avuuw) maveusuuasnisinavlatondnfusivosinagou (Table 7) wut fuilaalsinissensy
wAnfueisosay 92 wazdnaulatefenar 79 dwiumanalunisdadulatodesddunnunlumies fo sanid
o308 epnnaassuslnandndnet finuudanlmivestdndust fnuamalavuinisiifreaunm uazagninse

muslan Andudesas 26.75 23.57 21.66 16.56 wag 11.46 Aua1AU Snuar10mgnTUUaHANLAAIR Figure 1

Table 5 General information of 100 respondents in the survey on consumer attitudes and preferences

toward mixed fish ball

General information Percentage
Gender Male 49
Female 51
Age < 20 years 8
20-30 years 52
31-40 years 16
41-50 years 20
>50 years a4
Education level Primary school — Secondary school 5
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General information Percentage
Diploma / Vocational Certificate 6
Bachelor’s degree 65
Higher than bachelor’s degree 24
Occupation Student/ Undergraduate student 48
Civil servant / State enterprise employee 26
Private company employee 2
Business owner / Self-employed 9
Others (e.q., Research Assistant, Homemaker) 15
Monthly income Less than 5,000 Baht 38
5,001-10,000 Baht 16
10,001-20,000 Baht 20
More than 20,000 Baht 26
Table 6 Consumer preference scores of mixed fish ball (n = 100)
Attributes Average + standard deviation
Appearance 7.64 £ 1.29
Color 7.55 + 1.52
Odor 6.71 + 1.72
Taste 7.06 £ 1.72
Texture 7.29 + 1.57
Overall liking 7.13 £ 1.67

Table 7 Consumer acceptance and purchase decision of the product with reasons (n = 100)

Factor Percentage
Product acceptance
Accept 92
Not accept 8
Purchase decision
In the case of purchase 79
Because they wanted to try the product * 23.57
Easy to consume * 11.46
Nutritious and beneficial for health * 16.56
Novelty of the product * 21.66
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Factor Percentage
Delicious taste * 26.75
In the case of not purchasing 21
Because  they disliked the appearance of the product 12
Unfamiliar with the product * 24
Unpleasant taste* 52
Fishy odor * 8
Unpleasant texture * 4

* Percentage is calculated by dividing the number of responses for a specific reason by the total number

of responses, multiplied by 100

Figure 1 Mixed Fish Ball

5. AMNINVBIGNTUURINEY
AN MYBINTUUamWaNHAalAINUataneuazUandla dnsdiu 1:3 Tanueui 60/90°C (Table 8)
NuUI1 FUSHuANT Y AU LTy 160 wazasiulawnsnsesay 79.65, 14.81, 0.43, 1.43 way 2.53 AIUAHU

anduuan 100 nSu Tndsnuranun 73 flawaas iududs 0.17 nSu AswadaLwasea 29.86 Jaansu Usunatinna

Y

o
[

71991Un 1.06 ASU LLAey 62.04 Gadnsunanlansy lnwnaey 313.60 dadnsusanlansy kazhaalday 43

v
a a o 1 o '

fadnsuse 100 nFU dnSuAIAIINYT Tein 81.99 wazdlUTuuRAunTINamuAWNiY 5.70x10” CFU/g 9InNan1s

a I3 ' < < ' a o« o = ° ° v Y oa o
PAIIEH WU @‘ﬂsljUUa']NallLUULLW@Q@?V??IU?WU ll‘lsﬂllu ADLIALNDIDA LLaﬂ"ULﬂEJQJm LM@J’]%?‘WW?UF&Ui‘LﬂﬂVﬁﬂ

v
7

quan gniuvanflenauiildfinnuvasadeseduilaa iewiniiviinadunidvmuaduluauinasiuinsgu

v
o

wARATusIgTY gnAulan (Unv. 328/2547) Fsrmundruaugdurdviaunsadlaiiu 1x10° CFU/g [24]
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Table 8 Quality of mixed fish ball prepared from UW-SC and W-NT in a 3:1 ratio with heating at 60/90°C

Quality of mixed fish ball Average + standard deviation
Moisture (%) 79.65+0.04
Protein (%) 14.81+0.05
Fat (%) 0.43+0.00
Ash (%) 1.43 +0.02
Carbohydrate (%) 2.53+0.03
Total Energy (kcal/100 g) 73
Saturated fat (g/100g) 0.17
Cholesterol (mg/100g) 29.86
Total sugar (g/100g¢) 1.06
Sodium (mg/kg) 62.04
Potassium (mg/kg) 313.60
Calcium (mg/100g) 43
Whiteness 81.99 + 0.69
Total Plate Count (CFU/g) 5.70x10?

dquna

nswasioUalusrmaniivnnyanlaonsligamailumadviiimnsauiusiavamiofiugmnin
wald lnenauainauidnsnau 25:75 (A 40/90°C) waz 75:25 (7 60/90°C) Itien breaking force waz gel strength
gefian (p<0.05) lwafifidunauvonievaanefouniosay 50 ulU 1a1 hardness gega Tnsnisifsidavan
aMeTIeLfine cohesiveness vouaa lunagiiidouadarioifiueuudaasarmdanguronaa nsfisUiinn
devaameiivunlduinldiauwanasdntios eghslsfimu Yananetielfiaaila expressible water anas
Fauamsienruanansolunsduhiinay etgniulamauiuualdusunuminveudusaniganigniulaia
& Tnogasiivmnzauiigniie gniudardnmaiu 75:25 Wanane:dana) Tiausoud 60/90°C Lioannliiide
dudtartudauss Bavgu wilen SuhldR uaglisuasuuummmeulassaugs Wethlunaaeumsseusuanguilae
72l (100 Aw) wudn fnnseeniudosas 92 waziinisinduladodosay 79 Tnsgniuvamaniiusiugs Fesax
14.81) uifllosiu powaawmesen warledews daruasadotenisuilan dfunisnauievanansuazdaiia
Fesnsdnimnzaniaduuamsdmiunindngniuafidauamduidedudaifuesduiivensuuos

uslaala

AnRNIsUUTZNIA

ya o

adeveveunmaIvITImAlulagnisyseas avdvinalulagnise ms uag awndvmalulagdinm

s a

anzinalulagnisinens unminerdeniwdug Aadvayugunsal iatesile waraniunlun1sviinisveasiasell

q

“oidesest nsunisatuayuainnaau duasuineteans Ideuasuinnssy Yauuszuna we. 2568”
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