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Abstract

The aim of research was to study the factors affecting quality of reduced sodium steamed mackerel
during chilled storage. This study varied the concentration of sodium chloride (NaCl) (20, 15, 10, 5 and 0%)
combined with the concentration of potassium chloride (KCI) (20, 15, 10, 5 and 0%), cooking time (1, 3, 5, 7 and
9 min). The proper reduced sodium steamed mackerel were tested by using different types of packaging
(polystyrene and polyvinyl chloride; PVC and PS), Linear Low Density Polyethylene (LLDPE) and Nylon Linear
Low Density Polyethylene (NLLDPE). All samples were kept refrigerated at 4+2°C for 7 days. The experimental
design was used response surface methodology (RSM). Results showed that the proper reduced sodium steamed
mackerel used 10% NaCl combined with 10% KC1 and steamed for 3 min had the sodium and potassium values of
5,817 uag 5,997 mg/kg and received highest overall sensory score (8.40). The values of the sensory score were no
significant difference from the control (30% NaCl) (8.25) (p>0.05). The shelf life of reduced sodium steamed
mackerel packed in PS and PVC was only 3 days having total microbial count higher than the standard. While, the
reduced sodium steamed mackerel packed in LLDPE and NLLDPE had the shelf life of 6 days at 4+2°C. The
microbiological result of total plate count was not exceeding the standard. No E. coli, Salmonella spp. yeast and

mold were detected.
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1 Y 1
ANRAUININY 4,351.70 FaanTuneauae Ty (Kriangsinyot, 2012) Aauuda ldan1izntinde NaCl 10% 1nae

I A A 3 o o d a 1
KC110% auiunanu 3 miiednwioigmsinusnlunssynuaiaiiaa q ae'l)

a = a & =
13199 3. amammmmﬂumiwaﬁﬂawuuamimmau

Dependent variable Parameters Optimum values

Y (overall sensory score) NaCl (%(w/w)) 10
KCl (%(w/w)) 10
cooking time (min) 3

2. HAYRINMIUFIYARRAUMUMaRIManwvealaHsanlwAenszHIImsfushn
@ Jay & 1 Jd = J

WAN1IATINADUAVNINVDIVTIYNUNNaUNNWAY PVC, LLDPE 1ag NLLDPE NAINHUI A1
WVTR iag OTR UANAINAY (115197 4)

) = Aa A A Y d 2 v

o11la1iaan1zNUNGD NaCl 10% 1088 KCl 10% Auilumaiuiu 3 uinussquananany 3

& a A A A = =
HUY HamsasvaeugauMnvedlaisan lufeulunssgduyne 3 ria aeodaiiaa TnAouussyly
' 3 o ' =
01a 19y PS udamiuaae PVC 15591499 LLDPE tazu339luge NLLDPE Wunsgnunusny1a pH iae
yolamilean InReuEuduming 6.30 Indidesnudamidiunszuiumsanuaugalia pH gaiige 6.34
% = o '~ 1 Y 3 o A 2
(Aubourg et al., 2013) Taslamilsanalsdouussglunssysusiiuanaaiuuazszoznann sy NI UL
A A X & A A A A
U1 pH v Tagaamialy PvcuagPs T pH tiuganga (8.26) Tu LLDPE 1ag NLLDPE s pH
A= ] = A yI & g A o da 1A Y = Ay v
uananuaniteslaoll (U7 2a) naaaliiuilamiaiundasusinuindes lanintiangn Tz ay
. 4 X & 4 ' 4 .
HaYeIA1 pH Ngeliuoiunaiiiosnnninmsdosaatsvoailotarlunguued biogenic amines (agmatine,
cadaverine, dopamine, histamine, noradrenaline, putrescine, serotonin, spermidine, spermine, tryptamine g
a A 2 a @ a 1 3 o
tyramine) 108131194815 biogenic amines INNYUAAIINMTAA1BAVDINTADLN TUIUTZHIIMINUTNEN
o & ' g o ¥ ;
(Masniyom, 2011) HAN13NAALIAOAAGOINUAIANUUHUIHBNYIOIYM TNV NEIUIUTUY a1 iean
= 4 1 [} dy a1 J 1Y ] A v o w aa A
TanReuniguganiaNuuLuisiaaaaduana wnuegnifsdagneana (p=<0.05) Tasna/asuuilas
I 1
anuutwiievestlamilsenvzduiusiunonssuvoueu ladiu Cathepsins, Ca™-ATPase W30 Mg -
Aa 1 < = 4 ]

EGTA-ATPase 1’]3JNﬁ@]ﬁ]ﬂﬂmﬁwLLN"UENI‘ﬂﬁ@]uiﬂﬂﬁ%ﬁﬂlﬁ]ﬂlﬁﬂﬂﬁmﬁu myosin, troponin-trotomyosin

complex (Masniyom, 2011; Benjakul et al., 1997)
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Surface Plot of sensory

(a)

S£n E-Elr!,"
(b)
SEN ErDF!,."
(c)
R
SEMSOrY

d‘ dy a an a o & 2 1 v @
31]7] 1. ﬂﬁ"W\IWHW'Jﬂ"Ii@?J“U?Tu?JQ?T"IiJlJ@ W15111L§]f’)i‘U'EJ\T“]Jﬂﬂ(l“uQﬂﬂI“ﬁlﬂﬂuﬁ@ﬂglluuﬂigﬁ"lﬂﬁuWﬁiﬂﬂi')ll:
(a) NaCl concentration (X1) and KCI concentration (X2);
(b) NaCl concentration (X1) and cooking time (X3);

(¢) KCI concentration (X2) and cooking time (X3)
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Y wa a o A
M3 4. quauniAavesilannlilumsnaaes

auun Hie PVC LLDPE  NLLDPE
ANUHUT pm 0.030 0.075 0.099
Water Vapor Transmission Rate ) R
g/em™.d.(x107) 6.318 0.970 0.124
(WVTR)
Oxygen Transmission Rate s
Cc/m'.d nd 3.907 7.125

(OTR)

=Y a A a I 1A A a 3
ﬂsmmﬂm"lﬂam%umvimmw (Thiobarbituric acid, TBARS) 1Hlusnuaasanuiunmayuly
a o J A % = 1w 3 o = [
nandu/iSua TBARS vesilamiiean Ta@ey wua1iunsnveamsinusnyImuiin1 TBARS 110D
A Aa o = S 1A o = Y 2 @ A Aa o =} g
0.057-0.060 Haansuulavad leaasnlaniuaelndifsanulamen (0.045 Tadnsuulaiadledae
a o A 3 o 2 =& 2 A
ﬂIﬂﬂill) Llli‘)igﬂ$L3ﬂ1ﬂ15Lﬂ“]Jiﬂ‘]sﬂUTHﬂlUlEiﬂm TBARS mﬂﬂﬂiﬂ‘ﬂ“uﬂﬁﬂi“ﬁmﬂllﬂlunﬂ‘]éﬂﬂl?)Qﬂ151/]ﬂﬁﬂ\111ﬂ1
A é’ [ A v o w aa 19 9 o A < [ = ]
MyIuedNtsdAYNada (p=0.05) Tuganie (I 7) Y@M uAUTNYITI U TBARS voalamian
TmAenussgluussyiual PSuazPVC, LLDPE uag NLLDPE MR 045, 0.26 1ag 0.35 daaniuu latiad
J1Aa @ A J 5 =2 @ J a1 J
leaaonTaniy (nni 2b) TasaA1 TBARS vosamilsan TmReuussyluussyimual PSuazPve fiamnnm

Tun5595 9 LLDPE uag NLLDPE tifesainlumsussqlanyilaluoia ps uaz pve liannsoussy Ididu

=

hifesnndnuarlsvesinlauas launsadineendinueenldiuiaiivesamelundaninia
Feildy PVC mavoallSuiar TBARS 910MINAABIA0AA30InUNaN1TNAaBIY8d Tone & Maria (2016)
NUNSua TBARS mmﬂamﬂmmﬁm%uiuiwiwmilﬁui"mgﬂumigﬁmwﬁmm&mﬁuﬁﬁnmﬂ@iwﬁuﬁ
osnndampiuiudanifiluiuge 3.53%  gunumsussyiinaden TBARS Taoranisnaaeeilal Chub
mackerel U339111 MAP $1/31101 TBARS 14100 311/a1 Chub mackerel U3 squungayania Tasnsussqiidi
sondauluussysuaiiesiausovzaslfisoieendiaduuealusiuld (Erkan etal, 2011)
wansnaaeeinlTmamy o, uaz co, nuhilimadsunlasmalusgniumsduioui
uvigil 422°C JaryiaanTmRenlunssgdast pS uag PvC fmma o, Lﬁuﬁumﬂﬁqw damiisan Tnfey
lun539m97 LLDPE iiag NLLDPE Tif 1% 0, anaiif 11.56% Lag 11.47% 1110491005395% LLDPE
iaz NLLDPE A ms@ur1ueondau (OTR) 19111 3.907 1ag 7.125 CC/m’.d R400ndausansouns
it uazeanmeluussysusidamilfifusnmn 1318 dwmsvlsname coveslamisaa Tandonlu

o @ o @ o @ a { o { y a
UITYNHUN PS&PVC, UITYNHUN LLDPE UagUIIYINUN NLLDPE flﬂilﬂﬂlﬁﬁnﬂﬂlﬂaﬂ 0.36% Lﬁi‘]ﬁﬂﬁﬂﬂf‘ﬂﬁ
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A Y 9 o a o & ' A y A 2 v I
Lﬂaﬂuuﬂmmmwmummmclf CO2 ﬂﬂiiﬂﬂm"mmﬂG]NW“]J’ﬂllﬂ1LL'L!’JTHMLWJJ*UuLLﬁzLLﬁﬂﬁNﬂu’OEJNM
v o o = o 9 3 o o A & o @
HITAYNNYAVDINITANY (»<0.05) Tﬂﬂ?ﬂ’sjﬂﬂmﬂlﬂﬂﬂﬁlﬂﬂiﬂ‘lﬂ un7) ﬂamuﬂumﬁ;nmm PSuag

A Vo 4 aa K]

PVC, LLDPE, NLLDPE 4fa101% CO2 NN 3.56, 2.13 1ag 2.47% lﬁﬂﬂﬂﬁﬂUﬂN’c’fQQW‘UﬂﬂW CO2 Glumm
[ A ] 1 [l A v o w a 2 2] o %
ﬂm“ﬁ LLDPE ttag NLLDPE llﬂWVliJLmﬂGlN’f)ElNlluﬂfﬂﬂﬂJu nmwﬁmjmﬂw CO2 Glu‘].liii!ﬂm“ﬁﬂﬁWﬂqﬁ\i’m%

4 a a 2]
Lﬁmmﬂﬂmi}itymawauﬁf‘fuaza%’nme]f CO, (Gram & Huss, 1996)

9
ﬂﬂlﬂ1W1/lN"ga%’n°VlElWli’Ji]ﬁ’t‘)ll"liﬂ!’«]ui]ﬁlﬂlldi‘c’T‘VN“HlJﬂﬁWlIlIWliﬁﬂﬂli‘)\iﬂill’J‘VlEﬂﬁK‘ngﬂﬁLLW“ﬂET
9

(Department of Medical Health, 2017) fmualiemsngialgagnaesiisiuiugaunionavua liifu 6.0 log

a GaIL

& 2 A 3 o A X & =
cfu/g Waﬂ’]ﬁ@]i?ﬂﬁﬂ‘uﬂqﬁurﬂﬁEJG],UTJﬁ'WIUUQﬁﬂT“]ﬂﬂﬂﬂlu@ﬁzagnaﬂﬂﬂﬁﬂB’]LWN"Uu ﬂﬁ’]uu\iﬁﬂicﬁlﬂﬂnﬁlunﬂ

a acd 2

Ao 2 3 o = = 3 o ]
FANINAADINITUIUTAUNTIVNNUANLVY (p S 0.05) fﬂﬁ!ﬂﬂiﬂ]&ﬂﬂﬁWﬂvuqaﬂjcﬁlﬂﬂulﬂuanW 7 AU NUN

acd

@ s o o a % @
FunsnuesmsnuSnTiIT AU SN IUA 2.85-3.14 log CFU/g Uailsan TsRenluussysuad PSuaz

a A o

PVC Bismugaunidinuinasgimluiui 4 fe 6.48 log CFU/g @auamilslunssysiausi LLDPE iy
3.47 log cfu/g tazlamilalunssyius NLLDPE i uniiy 3.32 log cfu/g nansinamilaluussysusi ps

~ S o ' @ v A = S o
1azPVC fo1gmstnusnuioonit 4 fuuaidioussglu LLDPE ag NLLDPE 101gmsinuinyiuiuauia 6
o A a A A a o A S o o X a Ay 1 a
Fu (ilesnintinauAalndluiui 7 vesmsnusne) Usmanyeqaunsdnanua lumuwasgiu (6 log CFU)

9
Tinune £ coli, Salmonella spp, S. aureus, yeast e mold Ta®8 Gram & Huss (1996) FIeNUNHIAT U
< a a dy a A A < Y A 1 AA A 9 9 ~ ] dt;’
1N INNAINE Y uFBYaUNEINNUAN 1A ienquuewuaisen lildeimauaziad aalunsaitidany
& = 1A ) A o =] ~ =< A a a
taan TReuaunsoninde Idvindeaina1nsnsiimsfny unuaudn
Wy a ' = a v
wamsnadeuaureulasiin  (luldnaaendu) wuinlamisaalwdeulunssyiaviLLDPE
1 @ A 2 o Y @ 1 1 ' Ao o w
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& = = 1A A A A a o A <
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@ % = 13 J A 1
Sown uaziamiean TwRenluussynust PS uaz PVC uaz gaaiugu IA1anauana o nmsussylu

9 [l
LLDPE ttag NLLDPE muua1qmigfd1mmgwmﬂamﬁmﬂimmﬂﬂumﬁ;nm% LLDPE ttag NLLDPE l,fdﬁJ

a S S o o =
1 4°C 21MINUTNYI 6 T (319 2¢)

agiwamanaaea
= dyd a = = Aaa A Y 9
HaveIMsANEINARANIzMIHAAailsan TuReugasnanga ADAMMTNTUYDY NaCl ey
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