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Abstract

This study aimed to develop a high-quality baked cheese mussel product with added value according
to Good Manufacturing Practice (GMP) standards to provide diverse new alternatives for consumers. Four
formulations of baked cheese mussels with different butter compositions were evaluated: Formula A (pure
unsalted butter), Formula B (margarine), Formula C (blended butter), and Formula D (salted butter). The results
showed that the products had water activity (a,,) values ranging from 0.90-0.95 and energy content exceeding
200 kilocalories. Consumer preference evaluation revealed that Formula A received the highest satisfaction
scores in all aspects, including appearance, color, taste, and overall preference. The 30-day product storage
study in different packaging containers and temperature conditions found that using opaque round plastic cups
and storing at -20°C provided the best preservation results. Quality analysis of product showed pH values not
exceeding 7, maximum TVB-N content of 15.23 mg/100 g, and TBA at 0.45 mgMDA/kg. Throughout the storage

period, no microbial growth was detected. The final product contained nutritional values per 100 grams: 246.01
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kilocalories of energy, 15.57 grams of total fat, 17.28 grams of protein, 4.94 grams of carbohydrates, and 526.35
milligrams of sodium. This study concluded that it is possible to create a high-quality baked cheese mussel
product that is safe for consumption and effectively adds value, presenting an interesting new approach for
consumers and the food manufacturing industry.

Keywords: mussels, baked mussels with cheese, product development, value addition
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Table 1 Baked mussels with cheese - ingredients

Ingredients Weight in grams
Formula A Formula B Formula C Formula D

Green mussels 100 100 100 100
Allowrie Premium Pure Butter 45 - - -

Blue Band Margarine - 45 - -

Allowrie Compound Butter - - 45 -

Allowrie Salted Butter - - - 45

Minced garlic 15 15 15 15

salt 2 2 2 2
Dairygold Mozzarella cheese 50 50 50 50
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Cooperatives, 2008) Anwardanariinanauandavesdrunaumdnililunisudn Inslomzuearisaadadudy
wAnSstanthuslaanfiinunssurumandssukuud iy dwaliiivsinasdasylugag 0.90-0.95 davinlvianswaid
msdssrionndendouiazsiunszuiumslinidound (Chanakot et al,, 2022)

Table 2 Effect of formulation on water activity (aw) of baked mussels with cheese

Formulations Water Activity (ay)
A 0.94 + 0.0°

B 0.96+ 0.01°

C 0.95 + 0.01°

D 0.93 + 0.03°
P-value 0.22

Mean + standard deviation.

(a-c)

Different letters in the same column indicate statistically significant differences at the 95% confidence level (p<0.05).

Values with the same letter © are not significantly different (p=0.05).
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Table 3 Texture analysis of baked mussels with cheese in 4 formulations

Texture

Formulations -
Hardness (N)  Cohesiveness Springiness (mm) Gumminess (N) Chewiness (N-mm)

A 1.67 + 0.19° 0.54 £ 0.07° 3.65 £0.19° 0.90 £ 0.08° 3.27 £ 0.36°
B 1.32 + 0.05° 0.41 £ 0.05° 3.33 £ 0.02° 0.52 £ 0.05° 1.80 = 0.17°
C 0.79 £ 0.04° 0.38 + 0.04° 2.88 £0.28° 0.30 £ 0.02° 0.86 + 0.04°
D 1.28 + 0.24° 0.40 + 0.06° 3.34 + 0.06° 0.51 £0.11° 1.68 + 0.34°
P-value 0.79 0.60 0.64 0.92 0.99

Mean =+ standard deviation.

(a-c)

Different letters in the same column indicate statistically significant differences at the 95% confidence level (p<0.05).

Values with the same letter @ are not significantly different (p=0.05).
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Table 4 Chemical composition of cheese-baked mussels with 4 formulations per 100 grams

Formulations

Chemical elements P-value
A B C D
Total energy(K cal) 24457 £ 0.71° 27294 + 1.66° 254.52 + 0.46° 268.76 + 0.61° 0.03
Total fat (g) 15.61 + 0.35° 18.90 + 0.09° 17.12 + 0.08° 19.12 + 0.01° 0.35
Protein (g) 17.22 + 0.01° 20.84 + 0.11° 15.74 + 0.11° 17.64 + 0.18° 0.79
Carbohydrate (g) 8.80 + 0.11° 4.87 + 0.08° 9.37 + 0.03° 6.53 + 0.07° 0.65
Ash (g) 2.86 + 0.09° 3.38 + 0.13° 3.02 + 0.06° 3.97 £ 0.01° 0.77
Moisture (g) 55.51 + 0.09° 52.01 + 0.03° 54.75 + 0.08° 52.74 + 0.06° 0.94

Mean =+ standard deviation.

(a-c)

Different letters in the same column indicate statistically significant differences at the 95% confidence level (p<0.05).

Values with the same letter @ are not significantly different (p=0.05).

Table 5 Sensory test scores of cheese-baked mussels with 4 formulations

Formulations Appearance Color Aroma Taste Texture
A 7.50 + 0.53° 7.40 + 0.70° 7.00 + 0.67° 7.40 + 0.79° 7.40 + 0.52°
B 6.70 + 0.48° 6.50 + 0.53° 6.50 + 0.53° 6.40 + 0.52° 6.70+ 0.48°
C 7.40 + 0.52° 7.30 + 0.48° 7.10 £ 0.74° 7.20 + 0.52° 7.20+ 0.42°
D 7.20 + 0.42° 7.40 + 0.52° 7.10 £ 0.57° 6.10 + 0.88° 7.10 £ 0.57°
P-value 0.35 0.04 0.12 0.008 0.53

Mean =+ standard deviation.

Different letters in the same column

(a,b)

Values with the same letter © are not significantly different (p=0.05).
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indicate statistically significant differences at the 95% confidence level (p<0.05).
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BEUNANUNITLA
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AUUNNIE 119 2 998799
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U

usnufiuananeiu 3 35 laun nisiiusnulaeussyludrenatafinnaniivuas ussqldgalndlniidu
aufigamgil -20 sarwaldva uazussyluvanuiaUniaingniiuiigamall 5 esrwaded

Wuan 0, 15 wag 30 Ju nuszeznainsiiusneniluanent pH egeiitedidamieani (p<0.05) Tuiui 15 uay 30
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viesuuasfouTaiussglurnuilndainiigumgil 5 ssmwadoa ernrundunsassiivuliuanas fewiniu 4.24
way 3.14 luvasiivesunasgeudaiussludrenanadinnauiiuuas usselunsindlwidugaginie iufigumgil -20
psmwaldoa iy 7.12 uay 7.06 Tutudl 15 uazdid1vin 7.08 uag 7.04 Tududl 30 auddu Tuduil 0 lifiaanw
uansnsuegudAyM1saiia (p=0.05) Geaenadesiu Thanakrich (2020) finaninsiiusnwifgumndunifonuds
GU"JEJET‘Ugﬂﬁﬁ]ﬂi'ﬁwuaﬂL@ul%ﬂLLﬁmﬁu%%Ej vilvinunwuemaninusinail was Wongwichian et al. (2019) fis1ga1uinnis
‘U‘i'ﬁ*’\]ﬂﬁUﬁU’]ﬂ’]ﬂSU’JEJaG]ﬂ’]iL‘UaEJULLiJanNLmJLLauﬁd’JLﬂﬂumﬁﬁﬂm%@’]ﬂﬁﬁ%uLaLL“ULL‘Uﬂ wansAnwiuandidivinniniy
$nwifigaumpiudidonudssuiunsussafimngauiian pH Adnimafuinuigumgiiiu

Table 6 pH values

Day
Baked Mussels with Cheese
0 15 30
Packed in opaque round plastic cups (temperature -20°C) 7.10+0.02° 7.12+0.02° 7.08+0.07°
Packed in tightly sealed glass bottles (temperature 5°C) 7.12+0.50° 4.24+0.23° 3.14+0.04°
Packed in vacuum polypropylene bags (temperature -20°C) 7.18+0.03° 7.06+0.09° 7.04+0.13
P-value 0.07 0.006 0.008

Mean + standard deviation.

(a,b)

Different letters in the same column indicate statistically significant differences at the 95% confidence level (p<0.05).

Values with the same letter @ are not significantly different (p=0.05).

nsiUAsuuUasesUTunm TVB-N (Table 7) iuuaaLLmaaq'aU%aﬁ'Lﬁ‘u%Jﬂ‘wﬂ,uuiiﬁ;ﬁmﬁmazamwmaﬁ’uﬁ
aunguan 3 Jade Ao gauvndl wdaussydue wagszoznailumsiiuine Jsaeandesiuauideves Bekhit et al
(2021a) fioSu1831 TVB-N Lﬂw"fsuﬁﬁ']ﬁz:giumﬁmmmmmﬁamﬁmaﬁuaaLﬁaﬁmfﬁLﬁms‘ﬁuMWMﬂ13LﬁU§ﬂww waydl
AwdusUTadesne 1wy ssezinan oumgll uazusIsTaset (Bekhit et al, 2021b) navesgamgiisonIsdsuulas
299 TVB-N LLamﬂﬁLﬁudﬂmﬁLﬁU%ﬂmﬁqmmﬁ 5°C dawalan TVB-N iisduegaunnann 18.23 me/100g tfu 40.98
mg/100g Tufudl 30 vuzfinnfuinuflgamgd -20C A1 TVB-N Wiuduifissdntes siifosngmgifiadudese
nsvhaureseuleineluidedniuazninivlnvoniunididesaaslusiu wanasusznevlulasiouiissiveld
9ONN N13ANYIVDY Bekhit et al. (2021a) Buduin nsvuileuvesuuaidonasnafuinufigamgfldmnyan Hu
HadudrAivinlviuTun TVB-N iindusgiann TnemsfinuniussydusiqyyinauansUssansnmiaigaluns
AIUANAT TVB-N TaglvanBuduil 12,56 me/100g wasifiadudy 17.11 me/100g Tuiuit 30 %&ﬁf’]ﬂdﬂﬂﬁﬂiiﬂuﬁw
wanamnfiunas ndnnsiidenndesiunisinuives Goulas et al, (2005) fifnwvesisas wuih vssafasiagyinie
wazussyAneivdadauUasussenaaansadnengnisiiuinunasezasnisidoaansldfininnisussquuuialy
iesnmsanuinueendiauiiliannisiivlavesgauridiidedldonndiau (Goulas et al., 2005)

Table 7 Total Volatile Basic Nitrogen (TVB-N) (mg/100g)

Day
Baked Mussels with Cheese
0 15 30
Packed in opaque round plastic cups (temperature -20°C) 13.50+£0.07*  14.21+0.06  15.23+0.04°
Packed in tightly sealed glass bottles (temperature 5°C) 18.23+0.04°  30.67+0.08°  40.98+0.08°
Packed in vacuum polypropylene bags (temperature -20°C) 12.54+0.09° 15.62+0.13° 17.1120.12°
P-value 0.78 0.015 0.009

Mean + standard deviation.

Different letters in the same column @

Values with the same letter @ are not significantly different (p=0.05).

indicate statistically significant differences at the 95% confidence level (p<0.05).
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¥ '

USmnansalnlounsdnin (TBA) Wuidtarudiuiifedulundndust 1nuaveansinen TBA vasuanasi
vesuuasgevTanussgluvssyfariuaraniiefinnatu wanads Table 8 nudilutud 0 Tuvssqstasi fis 3 sliauazyn
an1ignsifusnunduaron TBA 991 TBA LS uduog 7 0.53 -0.69 fadnTuuilatadladsdonlany
W oszezinainiaidusnuiuiud ua 1 TBAwuTwmesunasn sudavssyludaonaradnnaufivuauas
vsslugalndlnidugnnie Liviigamgd -20 esrueados Tuultuanaudnios Tuiuil 15 a1 0.55-0.57
fadnsuunlatiadledsenlansu uazluiudl 30 a1 0.45-0.53 fadniuuladadleddenlaniu Fsflnruunndisegied
Toddayn19adf (p<0.05). Fern TBA flanaslugrsineremsfiving e1adlesanarsdalavadles daduansidu
asfUsEneulosiuresnninuiseeendinduredluiudlumuiiuansdu wu eendinuilesoenies asusenou
arsvetia ninflnddn Wiy mslulawmsn vieasdusenouvesdadled viliAnujisen cross reaction Fuduanive
1% T8A Tuszminamsifiusnuniiandudulutiesresnamdwaranas lugasinevesnisiiudnw (Yuangyai et al,
2023) lurniivesuuasgeudaiiussalumnuidaradniuinuiigungfl 5 ssmeadoa Tutufl 15 Jauiuluegi
3.15 fadnfunlatadledroflanfuuasfiutugaaeluiudl 30 egil 5.74 fadnsuulatadleddenlanu osna
TBA Wusviinsinnsidedeaanmyesluhilundniost e TBA 0.1-03 fadnsunlatadladdenlansy nuiiluiu
fnsideudeidnios usiih TBA fa1unnnin 3 fadnsunlatadledsenlaniu fualviguilaasuiinauuvanUasums
Uszamdudasoomsleusddrdaiuinndt 7 fadnsuuladadledsenlansy lufuiinisidenamnineg1sguuss
(Lohalagsanadet and Kachenphakdee, 2011)

Table 8 thiobarbituric acid (TBA) values (mgMDA/kg)

Day
Baked Mussels with Cheese
0 15 30
Packed in opaque round plastic cups (temperature -20°C) 0.55+0.02° 0.57+0.03° 0.45+0.06°
Packed in tightly sealed glass bottles (temperature 5°C) 0.69+0.03° 3.15+0.04° 5.74+0.22°
Packed in vacuum polypropylene bags (temperature -20°C) 0.61+0.06° 0.55+0.04° 0.53+0.09°
P-value 0.40 0.009 0.038

Mean + standard deviation.

(a-b;

Different letters in the same column ®® indicate statistically significant differences at the 95% confidence level (p<0.05).

Values with the same letter © are not significantly different (p=0.05).

NAN15ILATIZAANINNNNRATIINGT (Table 9) nudn wosuuasgeuTafiussqludtonaradniivuauazda
gryniasegalnalniay awnsafuinufigumgil -20°C 1Wunan 30 Tu Inglinunsieigiiulaues Total Plate
Count, Yeasts and Molds wa Escherichia coli A1qaunIgfinsanuegluinnsiunnsg uasmnsgIunan Ssiguy
atfuft 314 (w.@. 2553) (Thai Industrial Standards Institute, 2010) Arwunls f\hmuqﬁw?é‘ﬁwm faglaiiy 1x
10° lalatlsia 1 N3 Escherichia coli fioatiaenin 3 siod0819 1 N3U Yeasts and Molds fadluiiu 100 lalatise
e 1 ndu Tadudrdniidmasonanim liun nseuaunszuIumInda msdmdeningiu mssnwigudnuasly
anuiingn n1ssieussatasinouussy weemaiuinuigumgiivh Ssthedudinisaiyiiulnvenaunis Tums
psafudm rdndasiiusselumaniuazfuinuiigumad 5°C Wua 15-30 u SUSugaunidiAunusiunnsgu

NnMsiesginuimdarnsemansusivesuiafeudaiiAuinuluaniizuruds (Table 10) wui
Tuv3inas 100 n¥u Wndsusn 166.01 Alauaaed Tnedndsnuainloifuandu 77.13 Alowaaed luuiemua 857
n¥u uazluiudud 5.08 nfu Faduluiuiisasuilaeludinadieauduugiihvesesdniseunsiolan (WHO) e
Jostuanzluiiludengauazlsaala ognalsfnu Weduinanuimamianieuilaa (70 n3u) nuiwdsay
segiiliies 50 Alauaas’ Tusulusiu wuinduiina 17.28 n3use 100 n$u way 4 n3udendmneuilng Ssied
oglussduigadeifiouiunansusionnsialy vugieflulansauasloevsedd 4.94 uaz 233 n3ude 100 n3u
iU uenandsamuuiinalefengeis 526 3 fiadnsu Fenrsiarsanlasiamzdmiunguduilaafisitanis
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U3lnande USunaiussindu 4 wu weaideu (137.14 fiadnsu), s1amdn (14.98 dadnsu) uazlnuvai@eu (81.11
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AU NATISsavResesmudmiudusmisitmisemsiian uimsuilaalulinafinemusiieniuaunissy

ledunazlofey

Table 9 Table of microbial count

Types of

Baked Mussels with Cheese

Packed in opaque round Packed in tightly sealed

plastic cups glass bottles

Microorganisms

(temperature -20°C) (temperature 5°C)

Packed in vacuum
polypropylene bags
(temperature -20°C)

DayO Day 15 Day30 DayO Day15 Day30 Day?O0 Day 15 Day 30
Escherichia coli <3 <3 <3 <3 <10 <10 <3 <3 <3
(MPN/¢)
Total Plate Count  <2.40 <2.40 <2.40 <2.40 7.57 9.20 <240 <240 <240
(log CFU/9)
Yeasts and Molds  <0.70  <0.70 <1 <0.70 3.67 8.53 <0.70  <0.70 <1

(log CFU/9)

Table 10 Nutritional analysis of cheese-baked mussels stored under frozen conditions

Nutrient Amount per 100 g Amount per Serving (70 g)
Total Energy 246.01 K.cal 50 K.cal
Energy from Fat 77.13 K.cal 0 K.cal
Total Fat 1557 ¢ 0¢
Saturated Fat 5.08 ¢ 0g
Cholesterol 71.13 mg 5 mg
Protein (%N x 6.25) 17.28 ¢ dg
Carbohydrate 494 ¢ 9¢
Dietary Fiber 233¢ <lg
Sugar 0.55¢ <lg
Sodium 526.3 mg 125 mg
Vitamin A (1g) Not detected 0.00 (M)
Vitamin B1 Not detected 0.00 mg
Vitamin B2 0.20 mg 0.00 mg
Calcium 137.142 mg 37.03 mg
Iron 14.975 mg 0.39 mg
Potassium 81.111 mg
Ash 252¢ -
Moisture 66.69 g -
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(Premium Pure Butter), g5 B (Margarine), gns C (Compound Butter) iag gn3 D (Salted Butter) wuin vlinvediuey
finadtonainyasmssyamdilauazaunimeminiusiedieiidudiiy ludussamdida gas A (Premium Pure
Butter) l#¥unzuuumureugegalunndiu Idud & ndu saui Snvasidoduia uazauveulnesiu ablueIaus
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