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Abstract

The purpose of this research was to study the effect of type and ratio of soaking salt solution
by using simplex lattice mixture design on the quality of squids. The combination of 3 salts; sodium
chloride, sodium carbonate and sodium bicarbonate with the total of thirteen treatments were
designed at the concentration of 0-5% (w/v), prepared and soaked the sample for 120 min at 4 °C
and then stored at the same temperature for 6 days. The appearance, pH, total microbial count,
trimethyl amine (TMA), total volatile based nitrogen (TVBN) and shear force were determined.
The result showed that some treatments for soaking the squid pronounced a better result compared

with control (p<0.05).

In order to calculate the shelf-life, each sample was then tested for kinetic equation to
determine the relationship between its quality and storage period. The data of total bacteria count,
total volatile base (TVBN) and trimethylamine (TMA) were used to calculate k constant. It was
found that most treatments were in zero order kinetics with the correlation coefficient (Rz) between

0.7655 — 0.9995. The shelf-life were calculated using the chemical and microbiological criteria.



v

The results showed that most estimated shelf-life of all treatments were 5 day storages but treatment

No. 10,12 (5% Na,CO;) had estimated shelf-life of 9 days when using microbial criteria.

However, when using these data for creating the equation to predict the effect of salt
solution mixture on the quality of squids. The contour plot clearly showed the influence of each
salt on the studied variables especially, pH following by TVBN and TMA, respectively. For
optimize the salt mixture solution, the criteria were closely set to the control sample at day 0. The
optimized soaking solution for squid was 1.67% sodium chloride, sodium carbonate and sodium
bicarbonate as the desirability of 0.439. When determining the relative error, the equation of pH

prediction had lowest error following by equation for TMA prediction.

The sensory evaluation revealed that the tested sample had significantly lower overall

liking score than control (p<0.05) which might be due to softer texture and stronger squid flavor.
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~ a A Ao I = ' 3 A ~ ~
wulugdmaduazoen vietanvasilunanllsla safy gaRon 1,465 auaaimod (M
Aa A = Y %’ ~ [ 1 Y] ~
760 Aadaasson) ganasumal 800.7 erIAFod aza1e aa 1wt 36 nTuA 100 N5U (A
gunQil 25 permIwaBed) tazazae lalesuinTuesea (Haynes, 2013)
) [ 9 I a a A I~ 1
dmivvoyan N uiyvedn1sus Inamae Wun13518911uA1 Oral LD,

TaefitSananne IdiNanReUNaU (Acute toxicity) 11U 3,000 Faaniuaen laniulunyusy

a o T A Y] 1T A

a [ J a A 1%
(Rat) 11ag 4,000 Naanivaonlaniulunyiund (mouse) 39189 12,357 Hadnsuaen lansuy

v W 4

¥ < a o J 1% ' { @
imiinaa Tunywpd (Stacy, 2004) AT UNBAINE1ITABEYIU WHO class [T ALAAIDITAL

q

< ) 'o 1 I~ a = Y 9
ANwiuneNdIuIn (WHO, 2009) 9619 15aa1mn15u3 Inanaennududugauinlaoas
o Y a A ) . A A 3 A = o
aunsaihliinaninzinge Tydeugs (Hyperatremia) W30 n11zNs1MevIainliofouny
Wsua TsRey ualasdnduar nsus Inamnae TasnalUndszuia 2 99 10 nfuaeiu azla

Ao 1MINABUAT18MDI19NE (Kolman, 2005)

a ~ J = a ]

v 1 1 a ) a 4
Lﬂﬁﬁ]ﬂ\?ﬁ\‘]Naﬁ'ﬁ)ﬂ’]ilﬂﬁi}ﬁl@ﬁﬂal‘lﬂiﬂ IﬂﬂﬁWiJ']iﬂﬂ'lslﬁ!i]ﬁUﬂ JUNTUA LY

a

a 4 ' 1 a s A
ﬁWiﬂii‘lL%iﬂJulﬁl Lﬁ@ﬂ%WﬂLﬂaﬂ%gﬁ\?WﬁGI@ﬂigﬂﬁuﬂ1iﬂﬂﬁiﬂcﬂﬁﬂl@\‘llcﬂﬁﬁ lﬁ’f]\?ﬁ]']ﬂﬂ?']ﬂl"ﬁ}ilsﬁ}u

o

() J ' o v o J
ﬁummmaza181umaaﬂzgﬂﬂ’nﬂwuﬂﬂ ‘nﬂﬁqmaQammmmazmElhl‘waﬂaﬂmﬂmaa W%i’)

=1 1 a . o 9 A v . d‘ 4
159N NANTSUIUNTT Exosmosis mldaanansvaai (Shrink) Weosnntsuasneluwaa

A [

9
ana (1393anuwUI, 2537) ﬂ1ii%£ﬂﬁ@1u61ﬁ1iﬁ1h1iﬂﬂﬂENﬂ1ilﬂiﬂlulla$ﬂ1ilﬁaﬂiﬂﬂmﬂﬁ

a A I () = Y =1 o a 3 o o a
aUNTY llll@]’t]ﬂﬂ'li ﬂ\‘]L!ll’)'lall.l‘]j%ﬂq‘]Jui]ﬂ'liWﬂJu'l'J“I/]Eﬂﬂ'liéluﬂ'lilﬂUiﬂ‘HHLa%WWU'IWIﬂuﬂ

oA

o & =< o VA Yqu < X Y A ' !
Uﬁfgﬂmm ﬁ'JiJulﬂﬂQWﬁllu'li$1JUﬂ’limuﬁﬂﬁuﬂ'ﬂﬁijﬂﬁjmu ﬂlelﬂ’liclf’]ﬂﬂﬂ@@ﬂ'NLLW514'@’]8‘111
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A A o

o zil a Y A =] A S o A
ﬂTﬁ'ﬂ@\‘lﬂu!ﬂf@ﬂﬁu‘ﬂiﬂ‘ﬂﬂﬂﬁﬂWﬂﬁlﬁ’OMﬁﬂ WAINTDYADYNITNUINHIVDIDINIT LUBDIVN

{ 1 1 a a d 1 1 U a a
@11’H§ﬁﬁfﬂ’wﬁlliJLﬁuW%ﬁNﬂ@ﬂWﬁL%ﬁ@ﬂlﬂﬁﬂauﬂ%ﬂﬂf’)Iﬁﬂ HASHIYAIUTIUNITIVIYUD

=

a S o 1 Y a [ 4 4
aun EJdGQIJ’ENﬂﬁ‘]JNGI’J I¥U °lummswuﬂuazNammmmmﬁﬁuq Lgaziuqmﬁmmmmmi

Pl

[

A P A a A A o P < v =
HAANND1HITNINVIBIANA TSN UVeINdRIMo Il sz aanlun T uaIsnude

22D

(Henney ttazame 2010)

= d
2.5.2 Ta@eumsuaiun
4
TasieuA1UBIUA (Sodium carbonate) (CAS Number 497-19-8, INS Number 500
3 o o N < A Y oA A ~
() minTuana 106.0 nFuAe lua1s NanbazllumInTeioUTUINHABVIMHINTAIIY
H 73 o ¥ \ A
Wudun 99 1leSidud ganmduaine1nialda (Hygroscopic) Tufinau 1¥sara (0 Neil,
2006) nwuodluglvosTuTulamsn (Mono-hydrate) ttaz 1an1 laiasn (Decahydrate) @15%1in
Lf Y 3 A o 1A ~ = 1 1 a =
Hazarelaaluiiin 30.7 nFuaedns (M 25 osrnsamea) ua luazateluesiueauazosd oy 1

a

A = a 9 = J A
YANADNINAINGUNHN 851 NGRS (Haynes, 2010) TﬂEﬁJfmuaﬂmmaumiumumﬂmw

U

= a £ 9 =¥ a £ 19 1 S < 4 a £ 9
3Jﬂ’]'ll|'1.|5q1/l‘ﬁ’g\3 ﬁ@ﬁﬂi@ﬂﬁ%ﬂ’]'luﬂ'iq%ﬁulhu@fJﬂ'J'l 98 1Wosisua HINANNUIGNITUDYA

a A 4 ' 3 s g @ 2 s s 3 2
mﬂumimaﬂummmiauq U U1 (< 1.5 11)o5isud) Tawaeunan l5a (< 0.5 1o515un)
% I 3 o J 3 J J 3 J <]
Fae (< 0.1 losiFud) uaamey (< 0.1 1Woddua) uuntimen (< 0.1 )osiIHua) tazman

s 2 2 g A a £ a s 2 Vo o a &g
(<0.004 1051HUA)  NIUANVVTINTUBI THAIUAITVDIUATUBENVINYAVAIAY
1 o ' a £ 4 ! 4
(Raw material) Tunguglsdlddmuamanuuignives Infsuasveiwainldluniainsunng
Y = a £ "9 1 J 2 4 , n = o
ADANAMUUITGNT 10N 99.5 1le31dU6 (Pharmacopée Européenne, 1996) Iai@igna15uoiin
<3| Ao <L g ' 3 SO 1w A a o 1
WuasNugns1a/uaa (Alkaline substance) 3A1 Oral LDy, 1%y (Rat) (MIAY 2,800 Hadnsuae
a o ¥ v o 1 o o < @ 3
nlanSuihmings ualagnaldudr Is@euarsveuagnldiuiagieduluemisunilu
I [ I 1 | @ (]
na1w TaelsiluasUsuanuilunsania (Acidity regulator), tHuanstleanunssiuanily
Y . 3 9 I ' ' A 9 ~
NoU (Anti-caking agent) 1oz 1913l ua U152 NOVVBILIMITIFY YUININITAVIY A, 1dUDEHT
Y
4 o 1 o
HazYUNYLIRYY (Kujore, 2009) TmRonmivoiuagninliogludmin “GRAS” W50 Generally
% i o J
recognized as safe (FDA, nd.) BINNI8DIa1TANTAAIUNITTUT09TA00IANITO1HITHAZH VD
Uszmaanigowinii awisolfanasldluemsldedrstasadis nazdiulug lusiia

PSams s w11 Hmnsuilu awdoiivua GMP (FAO, 1999)
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d
2.4.3 TaealumSuaiun

T1AeuA1S UDIUA (Sodium bicarbonate) (CAS Number 144-55-8, INS Number

J A o

.. ¥ o o ' I = = a A A A
500 (i1)) u’lﬂuﬂilllaf]a 105.99 ﬂill@f]IﬂJfﬂi i\ ﬂﬂmglﬂuwaﬂaglﬂﬂﬂaﬂﬂ] lliJllﬂfl‘Ll Nif’fphﬂ

a

o A =~ a A = 2 J [~
TAYAINYUNYY 50 NNAUFALTYT UIANADNINAIN 856 DIAUF QLT T«maums‘uammmﬂu

R

a =

A a A J FY ?7' d' [y T A d' [
NADDUUNTY mmmazaw‘lﬂiuum 96 NTUNDANT (VIQ‘EI!‘VIJ’IZJ 20 DI ALK E) "hlaszﬂ,u

U

4 2 1w { '
1PN1UBa (Haynes, 2010) AMNINYDI THINAIS UBIUATUBIA VYU IADYNIANLFIN0GTEHIN
9

v
=~

£4 4 v
15 949300 Tulnsmas (UNEP, 2002) a1s5ilsznouiidesiiszaunnuuigniniosas os wine

4

v A y ' P 72 2 4 23 2
AN agliansoue Uzu wu TeReuaivena (< 1 Weodsud), (11 < 0.5 Weoiidud), naelsa

Do,

S 3 4 o S I 4 J I 4 a
(< 0.1 wlofidua), Fama (< 0.1 odidud) uazuaaimon (< o.ulesisud) Tuglsdanuuigns
= s Aq ¥ 7Y ' s 3 ;
voelaaen luaisveoua AlFlumansunnddeaninnii99 11/esidua (Pharmacopée
Y v
Européenne, 2001) 1on91nil NMsaa1sa1igavgininni 50 o smdodvos Taaon 1y
¢ ] ) ¢ ¢ — 1 a ¢
asvauarzdantans mamivenlasenlag (Carbon dioxide, CO,) 111 tag TasiRoun1suoIUA
20NN
v wa A L o s s o q ¥ a s
meauianeusatandassmasmsveulasenlss i lmReumivoma
< { o 2 3 a o 14 { ! .
Tdhdluasniiliauy (Leavening agent) TumAadmaiiuings (Davidson 1Az Juneja, 1989)
Ea‘zw [ 9 1 o (] =1 Y = 4 =
wonnntdignialdedlusiman “GRAS” iwuReIny ImAsuasuoma (FDA, 1983) taz il
o { [ 1T W 4
MITeudeszAUneoniuldne i (Acceptable Daily Intake, ADI) lunynd Tasden Ty
4 I 1 o % [
ol uaiuilszneves Extracellular buffer ﬂlﬂﬂﬁ@nﬁﬂﬁzﬁ]ﬂﬁu%ﬁﬁ (Vertebrate) (UNEP,
1 1 (%] =) a % 1 =) o 90’ [+%) U % 1
2002) A1 Oral LD, Tuynaaaumny 7,334 Jaaniuaon lansuiiniingl 3aog1u WHO class
o I a My S
I ¥3eseaunNuilunyRauIn (WHO, 2009) tta2931n51891UU99 Fukushima tiazaaty (1989)
I 1 3 o =
Tumsnageuanuiuasnenzi5e  (Carcinogen) lTuvynaaoddg  aremswan Tadoyly
¢ sd o & s ¢ VA ' e A
asuoa 0.64 Wofidud asluermns Funar 104 dlad wamseiigni hinuiiosennioe

Y dy Aa a @
oo nAallnd luedenzaielu

2.6 MUY (Chilling)
[ =2 < [ Py a =y
NITUBLIU HUI1YDY ﬂTiLﬂ‘]JiﬂBT@TWTiﬁﬂllfJ‘luqmﬁgll 0-10 93FA L ALFIE 1MUY
o [ 3 o g’/ o <3
dmsumanuinuluszozdu (nszninnas1sugy, 2561) Tasaanarslumslianuduen
& A v < ! 3 g ¥ A v 4 < A
lﬂu 91N1F U1 Wi@ﬁ'liclﬁﬂj'llllﬂu LU UILUINTUUN Wﬁ@llllﬂig‘ﬂQllwuiaﬂglﬂuiulﬂiﬂ\?
A Y 13 v I Aax A ~
llaﬂlﬂaEJUﬂ'J'uJi@u (Rosca LA 2017) ﬂ']ill,(’]ﬂﬂuﬂﬂlﬂuj‘ﬁﬂu@ll’f)'n’i']i‘ﬂHllu')aﬂq@ WIS

o Y a A 1 a dy v o ' Y A tiy o
mlnamsuasunilaswmesana eduna HASAMAINNDTIHITUBINGA UDNIINUIITINITD

o A

o A a y 2 Aq Yo a4 AKX a
aﬂ@@lﬁ']ﬂ'lilﬁaﬂlﬁﬂsuﬂﬂﬂ'lﬂ']iUl@@ﬂﬂ')ﬂ ﬂ15l,!f]f!,EJuL‘]JuﬂTiaﬂqmﬂgniﬁmmjﬂm%@ﬂauﬂiﬂ

Q

a A o a A J

awnsosganlald mldansszaomsnsyuagiiusuiuveauni laommgyaunso

q q



18

v
= = a

¥iianos 1u'lWa (Thermophile) wag 1 Ta 11§ (Mesophile) Halgangiifmuzanluminia

E] 9

o A dyo) o = = = o 1
UHEAANNITINN 2.2 uf)ﬂﬂWﬂquﬁ'm'liﬂaﬂ@ﬂﬁTﬂTﬁ!‘]JafJuL!‘lJﬁ\WI']\‘]G])"JLﬂﬂJ“llfJ\‘]L’OUUl“]ﬁJ LLasY¥IY

9
gugimsmelaveserisaa (NaRE oY IﬁuﬂJu‘]ffJ, 2545)

a = Y

H [ o ] A a
ﬂ'lﬁ'l\‘i‘ﬁ 2.2 NQNUBDNIAUNTY 'll!uﬂ@l?ll‘lf’]\‘]‘ll@ﬂqmﬁguﬁﬁ']ﬂJ']ﬁﬂLﬁ]iﬂJllﬂ

o

1 A a 9 =
Gmwmqmwgwmmimmaﬂﬂ (GNRGKIG )]

i Qmwgaﬂ‘iﬂ’u& pumMgifins au gUNNNGIga
Thermophiles 350445 550475 60 94 90
Mesophiles 59410 30 04 45 350470
Psychrotropes 59495 20 94 30 30 0435
Psychrophiles 5995 128915 1594920

17 Fellows (2009)

o A o A a ~ Y =

A g A o A ! a S =R a s
m’l’i{]i\llﬂuﬁ%ﬂﬂ%ﬁ1 iLJﬂtjﬂﬂNWﬁﬁﬁ)ﬂﬁﬁliﬂluﬂlﬂﬂi]au‘Vl g ONLNIIAUN YATAINITD
a Y A = =2 = 1A A J '
QUNHYUBINNINAY -8 DA ALY T "l,ﬂi]um 90 DALY ALY HAAUNTEY ’J‘Llsl“rTiUu
a 4 a 9 A 1 a [ 4
mmmmmﬁqmwguﬂizmm 35 E]\iﬁ?l,“lim%ﬂﬁ mﬂﬂfqmwguﬁmmmmawammm HUHBDNIIN

1 A = Y v 1 ) A a @ 4 Y a ]
VEPIYFEADNITLADULFYLLAD EN"H’JEJiﬂHWﬂmﬂWWTIWUENWﬁﬁﬂm"ﬂ’éﬂﬁﬁ"l’ﬁﬂ (’Jh],fl, 2536) B

ganginmnzandmivemsuaazlszion taadininam 2.3

! a { (= 1
GHTIQ‘?I 2.3 Qm’ﬂ{]ﬂlmﬁigEJZ!,'Ja']ﬁl’l’ill'lgﬁllﬂlufﬂilLGHLElusll@\?@'lﬂ'liﬂimﬂ‘ﬂ@'Nc]
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LNWS
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Wodalnaa
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-1Janiluru
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Tuhu 7 eerusaimee
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TP 20 o usaimaa
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wa 1y
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Tapu 5 u

ETRE NITNTNAHITUFYV (2561)

2.7 MI9NUUUNIINAADY (Design of Experiment, DOE)

< A Y)Y a o Jaa o <
ﬂ”lii’)f’JﬂLL‘U“]Jﬂ13V]ﬂa6\‘lL‘].]‘L!ﬂ"Iii’)ﬂﬂLL‘]J‘]JLW’E){lﬂllﬂNa@Iﬂm“ﬂﬂiJ‘nﬂc] ﬂmaﬂymzzﬂu"lﬂ

auideImsuniga Taemsmidaduimuzauiga (Optimization) A20M15E3NANAITNI

4 =

a 4 a [ @ { 1
ABAPEATUIDTUIIANNANWUTYD998 (Factor) NilNanBNandUaUBY (Response) H30DN

9 Y
(3 % 4

& 3dA a 4 2 A = Y A
TUINAD AUNWUYDINAANUN UUDI YNU FIUITDINUNUNDANHINAUDIN AU 11998 130

@Q

ansnasuszniatadelunanfernudie FaazmliaiusnaasiuIuTInaaod ¥io Nia

Yy =X v 1

s vy ' = ~ o 3 an s v ~
wud asldidosnnnsAnuinazaveld Fsmseenuuumsnaassdaindluismanudoeyai
=\ =) a = [ 1 (%] ] = ] d‘ U d‘
Niszansain un1sdSuarvesifade sgralgayanuianedunanisiasuuilasves

Aa 2
WAL UDI NINAYY
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Aa o 1 A 1 o Y . ..
N3ZUIUMSNUY 0 X) a9 NAINANDAUANYUSATUAUNIN (Quality characteristic)

Aa Y] d A o o Y I A [ v Jda
VIINAAAUN 1TD NANDUAUDI (Y) I uaeanaaouuluss Uy oM IANNFUNUTLF

aa 9 [ v I Aa an o 1 [ a ?z‘l
qdeUY Y ias X uaﬂ%mmauwumﬁﬁmam \1ﬂa'l]gl‘LlfﬂT]J5Uﬂ§ﬂﬂ§$ﬂ3uﬂ1iﬂﬁ@1uﬂlu

o A Y Y a o o A o A v A
ﬂﬂllﬂ !W@Glﬁhlﬂﬂaﬁﬂmm Nﬂﬂ!ﬂ’lw Wi@ﬂmﬂﬂﬁﬁgﬁTNVI@@QﬂTill’lﬂquﬂ

2.7.1 MIVBAUVUMINAADINVUNAN (Mixture design)
AFONUVUNITNAADILUUHAY AD NITNAABINATIEHAINANDU AU
{ g ) s 3 ' o s o
(response) Ml ulansuilesiuavosaiuilsznou (Components) Hinilszasanodisrama
A [ a 4 [ 1 A o Y a0 A A I
Aol oldszainammsiimeivesuaazdiulsznou Nz ldwaneulinwiniga vaedlull
) Y
MUNHNAADIABINTT
I ¥ a
A599NLUUNINAARULUNEN 1T UN1T00NUUUNURIABUEUBY (Response
v ] o w @ o (I~ a (Y]
surface) Us£ANKI uANTDTINAAD SEAVVDTY (Factor) 32 Tl udeaszaenu Tasnasinued
] % 9 Y J I of N 1

uaaz 9z unIny 100 osiFua 3o 1 @311 (Myers Lazane 2009) lagdsznnuoanis

DINUVUNITNAADIUVUNT Y Tﬂaﬁa”lﬂﬁgmmmummmmums‘nmmﬂ'ea 4 11yy Uliﬁg]}!!,f‘i

- 3 | e . .
2.7.1.1 FUABHNANDY LaAN (Scheffé simplex lattaice)
Aa A < S & Aa 1 1
N300NLULNMTNARDIMVUNEY FUAFUWANS taand Tasdaulng
a 1 Ay ¥ . 2 = g .
1A2ZDTUIBAINBUAUDIN IARIGANNITNHUIN (Polynomial function) WA (Coordinate) 13 ©

J

v [~{ 1 1 a o
p9nlsznau (Component) “?QLﬂMﬁ’JHNﬁM@Nﬂ UBINITNAADN (q%um, 2548) #1815 DATUIN

Taaa

Zle

X.=0,1/m, 2/m, ..., 1
1 I 1 ~
Taon i =Wudunauin 1,2,3, ... q
< o o 1 AQ Y= (Y
m = Hususzavvesarunaunlgany (L 0%) : 2,...
A A A = 1 s A Y I
ATAUNN q=3%30 U 3 @IUNAY 110 m=3 89Adsznauh batdu
[ I o W ) o
amlszneuved X1 X2 tag X3 23l 0, 1/3, 2/3 4ag 1 MUAIAY LazaIamuINTINIUYA
Y
lumMsnaaoanavuaIn

M

(m+qg-1)!/m!(g-1)!

q(q+1)..(qrm-1/(1)(2)...m
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13,3} simplex lattice design
xn=1

{4,2} simplex lattice desgn
=1

=1
1, 4,0,0)

xn=1
ol

QPURA

4 A ) [ a a 3 J I a
cﬂTINﬁ 2.6 MNTINAADIFINITUNITOONLUUNITNAADILUUNTNYUAFVINANY LLanNe

1: Scheffé (1958)

a a I < 4
2.7.1.2 BUAFUNANY (FUNTOYA (Scheffé Simplex centroid)

I aAa 1w q 1 o A

WUNTOONLUVLANUNITNAADY HaInaaoun1ny 2° — 1 unazifavedl
o 1 A 1w o A 9 A g 1 A '
dadrimmnunnilate anaassllszneualsganiluaiunaui@gd (Pure components) 9149

= A A 9 3’/ S I d A L./ I [

WD FINAaoINUTelY 100 1oIFUA ¥TOIMINY 1.0 1AL 0.5, 0.5, 0, ..., 0 LU UK Y
9 (Binary mixtures) Hag 1/3, 1/3, 1/3,0, ..., 0 d1MSVAIUNAN 3 ¥HA 110% 1/, 1/q, 0,..., 0 G195
AIUNTULUVAIUTT (Q-nary mixture; centroid) 1Az ANINAN (1/q, 1/q, ..., 1/q) LAAIAININN
2.7 (gaua, 2548)

3 component simplex centroid design

=1

4 component simplex
centr oid design

-1

3 A 0w A a 2 o s
ﬂ]‘l/‘l‘ﬁ 2.7 ANAINAADNFIHIUNITODNUUUNITNAADIUUUNTUFUAFULNANY LEUNTDUR

A17: Scheffé (1958)
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2.7.1.3 SHaFWaNT 1dnFea (Simplex axial) (g3UA1, 2548)

A

4
MINaRUMInaaedil wmiugandudiuilsznouangvesnnilde

[

d‘ é é 1 1 1
A93UN 2.8 FILAANYANINANVDILAAZTIUGDY

u q

B=1 =1

3 2 ) @ a a 3 7
cﬂTWﬁ 2.8 MNTAINAADIFTINIUNITODNLUUNITNAADILUUNTNYUAGNLNG N !l@ﬂl%ﬂa

17: Cornell (1990)

a < JdAa a
2.7.1.4 A 10NYTN 19950 (Extreme Vertices) (FaUA, 2548)

2 ANY o o d o . i .

WunrumMsnaass uuunNvednauaadIu (Design with constraints
g 1 A dy o 1 [ To & 9 I

on proportion) NA13A8 UHUAITNAABLLUH seavIuunazade lusuiudeailu o- 100
< 3 4 I = 3 o A =
1Wo51%HUA (McLean a2 Anderson, 1966) lage1911)u 30 99 40 1lo5ua (0.30 -0.40) ¥50 15 4

25 oS ud (0.15-0.25) 15l udu

(v (¥ v d q'J

2.7.2 mﬁﬁnmanymzﬂ31uauwuﬁ1u§ﬂzsu‘u’%msmu (Regression model) (31a1,

2548)
a ¢ A a [ YA =) o o [
ﬂﬁi’)&ﬂ‘ﬂgﬂ!,‘W'O‘]J‘igl,lluﬂ'ﬂiJﬁlIWuﬁﬁlugﬂllﬂﬂilﬂiﬁ%uﬁ'l?i‘i‘1Jﬂ1i“l/'lﬂﬁ’f]\1ll,‘1ﬂj

[ g’; @ a @ [ 4 4
TIUNTY (mixture design) U Unazdszuanuduniusvesnenilsenou (Components) U84
1 1 [ 1 A 1 9 1 9 .
TIUNUANG ﬂ‘ummuauaﬂugﬂgmummmuiumamm llﬂuﬂ UUUFUATY (Linear) YUY
o w . o w a . . o w <3
Nae 0 (Quadratic model) HUUNANTINNLAY (Special cubic model) AL HUUNMAINTULULIOY

s ' ° s : '
(Full cubic model) Tagaz 1¥04R1/sznovvediunay 314U 3 03alseneuda Tumaniee 9l

Y
sUuuvasae 1
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1) Linear model U5 £NOUAIY Pure component L‘I/hlijlu
Y=Y BX,
Y =86,X, +B,X, + B,X,
2) Quadratic model Y32n9UAY Pure LAY Binary components
Y=Y 8X.) B,XX,
Y =Linear + B, X, X, + B, X, X; + B,; X, X,
3) Special cubic model Uszneuale Pure, binary i8¢ Ternary components
Y=Y BX+ ) BX X, D By XXX,
Y = Quadratic + B,,, X, X, X,
4) Full cubic model
Y =D BX* D B XX+ 2B X X (X —X) + ) B, X X, X,
Y = Special cubic + B,, X, X, (X,—X,) + B, X, X; (X,-X;) + B, X, X, (X~
X,

o v

v ! Yo
GluﬂﬁﬁiNﬁ'llﬂﬁIiJma%3%1’”@\‘]%1ﬂﬂ1i’JNLLWHﬂTi‘ﬂﬂaEN “lli);\‘illﬂﬂﬂfiuﬂ

v o =2 [ ' W

v o d ' @ A A Yy 9 o A
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] I

Yy A
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2.7.3 Msmmimnzay (Optimization) Toesl% Desirability function
5, . I 1 =< a o oA (= 1 o
DeSIrablllty Lﬂuﬂ'lﬂ'J'INW\?W'E)Glﬁ]GU’ENWaiﬂﬂm"ﬂ‘ﬂ VUHUIY 10191 UIVULLYN
I U A A U s 1 slg}a 1 = [
Lﬂumuq NIDNALAINDUTUBDI (Response) Iﬂﬁlf;’fﬁJ'lﬁﬂilﬂ'lulﬂﬁ\Hm 09N 1 LUaga@IWITDATUINY
' Y ' ' 9 ' [ ' K A = Y ' . .
FAIUNUUDILAASATIND U UD %z”l@ﬁﬁﬂ%uclwmﬂum D BIUAT 0 D9 1 1B UNU AN Desnablhty

function ﬁ"liJ"Iiﬂﬁ”l‘L!mellé’{i]"lﬂﬁiJﬂﬁ

n

D = Hd;’"

i=l

v o

AWINTFIUVOA Desirability NFUWUTADTZAUANNNING Y LazhuNIWUDS

NAANN LEAAIRINITIN 2.4
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v o 7

M13199 2.4 11ATFIUVOIAT Desirability NFUWRUTADTZAUANNNINE TaUAZ AU NV

Hansua
Standard estimates Desires Quality of product
The ultimate in satisfaction or quality and
1.00 Excellent improvement beyond this point have no
appreciable value.
1.00-0.80 Very good Acceptable and excellent. Represent unusual
quality, or performance well beyond anything
commercially available.
0.80-0.63 Good Acceptable and good, represent an improvement
over the best commercially quality.
0.63-0.37 Satisfactory ~Acceptable but poor quality is acceptable to the
specification limits, but improvement is desired.
0.37-0.20 Bad Unacceptable. Materials of this quality would lead
of failure of the project.
0.20-0.00 Very bad  Completely unacceptable.

AN Lazic (2004)

(Y [ a (Y] a o d
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v d‘d 1 Y a o d
2.8.1 ﬂi]‘iltﬁ’luwaﬂ@ﬂ]EJﬂ'li!ﬂUﬁﬂ‘leﬂ"llﬂ\‘iﬂf]ﬂﬂm“ﬂﬂ1ﬂ15
3 o = Ao o q 9 a v
BIYNITNVINHIVDIDINITT U] 585%!;'3'@11/]8@‘1/]']1??ﬁ]'lﬁ'liﬁ?ﬂ'liﬂﬂiiﬂﬂhlﬂ
I A LAY [ = =) a A J
(Doyle, 1995) L“]J‘L!ﬁg‘(’J$L'Jﬁ'l1/lf]'lﬁ'liuuEl\?ﬁﬂ'ﬂllﬂﬁ@ﬂﬂﬂ HAUNTNNTUAN NIYNTIN JaUNTY I

ldeguammalszamdudanda

3 [ a 1
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wan 2 7990 ulﬁlllﬂ Tavenreuen nazdaveniely ¥y Aemesuenn’ (Water activity, a,,)

A J Y v Y

a dy a dy 9 I [ 9 [ P 1< [
ﬂimmm@i}auﬂiﬂmamu Lﬂuﬁu ﬁjuﬂi}%mﬂuaﬂ Ulﬂl,!,ﬂ Qﬂ!ﬂﬂllﬂcl"]fsluﬂ1ilﬂﬂiﬂkl'],

U

Y <3 dy o v 7 1 a 1< I Y = g v A
ﬁmwu’maaﬂumimu, ANUFUFANNNTIEUINWNNITINAALASNITINDU L‘]J‘Ll@]u Gﬁﬂﬂﬂﬁ@ﬂﬂﬂﬂﬂﬂ

9 1
Ufnsendeny awnsaduduaznszquliinanmsulasunlasaieg luesld @leawa, 2557)
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2.8.2 duauveslfnsen
= 4 a X 1 S o

mslaguuasvesemisiinarulusgnianszuIUM UYL @11150
a (% 14 I { aan {a X 1 '
a1 1d lneldvansaumans Taatlunisudsunlasvesdfnserimatuluszninesis

& a X aaa A J 3 o o 1
szeznalanamis manevuveslgnsenaulalussniemanusaw awnsadaeglugll
v ] 1 4 H Y

Y048 UAVUHN3 81 (Reaction order) ¥4 Taen lmalasunasiugiuinaruluemisineg
I aaa v 4 (Y : [
Wul§A5en8uaugud (Zero order) 1Az SUN NI (First order) Taoamnsoagy Iddsaunislu

d' a o 4
A1TNN 2.5 (INU, 2553)

M3190 2.5 auMIVeIdUALIRAIeIR90 murdnIaumans

duvelfnaen aumsmvsulgnaen
0 AO — At -~ kt
A
1 In l—ol = kt
At
1 1
n#1 ™= (Tl 3 1)kt

&1 DN <
At AO

N1 A998l (2549)

2.9 MINATOUNIHONFUVBINUILNA (Consumer Acceptance test)
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1 [ a a v 4 a, a
w%maﬂymzwmmmwammm (Resurreccion, 1998) ﬂTi‘ﬂﬂﬁﬂUﬁl’JﬂTJ%ﬂ1§‘]Ji$Lll‘L!‘V]"N

Y32 MAURE (Sensory evaluation) ADIBNMINMIINAMTAT NAAAMNTANAUMMINT TR MT

v
A a [

a 4 a [ v o ¥ 1
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<3 A 19 % ]
MIueuHY M3 lanau mMIdude MISUTE uazms AU (Stone tag Sidel, 1993)
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Y ax A A

a I Ay A I A o Y a A ] = a
Waf m“nuuLﬂuﬂﬂmmiﬂﬁatﬂuwﬂamummQuﬂﬂﬂma”lu Tﬂﬂumiﬂﬂﬂua‘ﬁmiﬂﬂ Unu
4

a a A A o ] [ Y a Yy a <
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4 o [ a a o ? Y
iwselolumMIiagumn gaIdNYUEHI 0N ANLAVOINAAN UMY (FUWYUN, 2556)

2.9.1 MINAaUNINNYOU (Hedonic scale)

o

MINATDUANNYDY (Hedonic scale) Tumslsziiinganimmialssamdudia
3 ax =X A = o I [
WuAsHilumMInaaeunNUwL H3D Preference test 1A8NNMIMUUATNAANUFRUITUTZAL
' Y A A o a Y 9 = Y (S
A199 01919 5 ena 7 dina W3e 9 atna lasliaieTuieainaliiAnadaIaendIAIINy
Iy [ 2 d' g . o 9 1
ANUFANNUADININNGA UBNINT Hedonic test a3150 N IFlUMINATDUANNLANAIN

A . = S o o & v
1130 difference test Iﬂﬂlﬂﬁﬂuﬁﬂﬂﬂ’ﬂﬂ%’@ﬂlﬂuﬂﬂ!ﬁf‘l’]elf,lwLﬂWTS‘VIN’IJi%ﬁ"I‘VIﬁ'iJNﬁ‘VW]@Qf‘l"li

nagou lduny @uwyn, 2556)

2.9.2 msnageumsseniulnemslvanalannuned (Just about right scale)
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1Y) = O~ A 9 Y Y A A 9
BIGRERERFNIRI Lﬂuﬁlﬂﬁﬂi“ﬁ ﬂﬂ’JTJJﬁ’f)\iﬂﬁ“llf)ﬂ@Uiiﬂﬂﬂuﬂ@ﬂ’nm%mﬂlﬂﬂ

(% v o A a @ d R v I ax & A @
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a o J 9 Y a 1 1% 2 [~ A @
HAANUMATNANABINITVOIRYS Inaae 1)) enatanuneaenvgnuiailu 357 vie 9 szdu

(3, 2556)

2.10 MINATOUANNLNUEN
1 o o & 9 o A~ ' o Y w Y
mInaaouaNuui Mdlude i Tumaniinnuuyudutiula (Model best

v 9 g Y Y o £ 1 1o a £ v v 2
fit) MuveyaN 1¥uMsas1auUTIa89 (Model) Hugaga uadulszd@nsanduiing (R u

a 4 [ g‘ll o f ) [
MIIATIZHANNITNADDY (Regression analysis) HAIDINUUHDUT 099z T nadeuny
NQUIoYADNYAN NN IVNIA1954 (Actual time) HADINMTHIIETOYAYA 11 (Predicted time)

o o 1 4 o 4 .

2MINNIAIUIVAINNUADIAAAOUTUNNT (Relative error) Tageuisouaadlugilaeq

s A v o Y . o2 A Ay =
Lﬂaimuﬁmmmmma@uﬁnwmﬂﬂ (Relation error percentage) REINAIUDY VS UUIYDIANUNT

9
uuqﬁmmmuuué’mq (AUKE BagAME, 2552; UINNTT LAY cI/ﬁ‘l/\l’cﬁ, 2555)
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2.11 NNV
2
Leblanc @z AME (2000) T1041UNAUDUNADADNITIATYUDNUTD S. putrefaciens 1u
Y J 2 Yy v A O { .
UauyaudusuATL WU MIHUANUTUTUYeUNa 1u01M151a891%0 MB medium 198
P-4 3 v 1 o
YSannuudu 3 Wediud TasvimiinaelSuag (wiv) e1u1508aT282Wn (Lag phase) 310
I < A )
1 T3l 2 s Tua 18 wazmsiiua it uveunas 1101115 MB medium a1N1508ATEHLNN
P ~ Vo & ~ Yy v A P ) v o 4
18490 Tasliszezi1iad 48 ¥ luanaNuduiunae 6 11a515Ud doandoINUNAADIFD
Escherichia coli 910151891UU09 Abdulkarim HAZANY (2009) FIANHIAMUAUT UUDILNAD
- @ S { i i ~ Y 9 a
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P o A P-4 ' o v A A A A
Aan'l5A 3 52A A0 0.5, 1 uay 1.5 1oHua nuHaINUureiguugl 37 osAusaidod
< 3 a ¥ e { A sl o2
Wuar 24 92709 Usuande £ coli luorviisasusanimasdudy 0.5 losidud au'lyl
UIUANAY

. J a A o = J ] £
Degiam tazAmMe. (2011) 51091UNAADYAUNT OO IHRONAITUDIUA FINATOUOND

a S Y

Y a = J 1 Y- =1 4 Y 9
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I J a o & - Aa oy ' J Aa A = <
iosiyua ﬁ]ﬁilﬂﬂjcﬁuﬂ'ﬁﬂ‘ﬂﬂﬂ (Inhibition zone) NUFURIUAUINAN 12-15 HAALNAT I?“IEJ?JE]‘VI‘E
N Klebsiella oxytoca, Staphylococcus aureus W0 Proteus mirablis

1 9 2 4 Yy 9 9
Janes lagne (1999) 31fJ\ﬂu'Nf‘ﬂﬁ{15])'?”3ﬁ$anJI“]fLﬂﬂNﬂTiUﬂLu@]ﬂ’JTNHﬂJﬂluﬁﬂﬂﬁg 1
o Ail Y A A
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4

2 X . A v 9 s 3
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. ! 9 = 14 Yy 9 a A
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Qﬂﬂﬁﬂ!!!ﬁ%?gﬂ1§ﬂ1!uuﬂ151’lﬂa'ﬂ\‘i

%

3.1 JngAunazansadl
= v 1
HUNNAIYLLBLLUN
Sodium chloride (NaCl)
Trichloroacetic acid (TCA)

Plate count agar (PCA)

Sodium carbonate (Na,CO,)
Sodium bicarbonate (NaHCO,)
Peptone

Methyl red

Bromocresol green

Sodium hydroxide (NaOH)
Sulfuric acid

J @ a 1
Ulﬁm’f]ﬁ VIAANTTY FUAU

A oA d
3.2 !ﬂﬁﬂﬁuﬂ!!ﬁ%q‘dﬂim
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Auto pipette waznil
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Houdunud, Uszme ' ne
A a £
RATIMNITNINADLTANE, Uszime Ing
Fisher, Y521nAariigonan
Becton, Dickinson and Company,
Uszmaanigonan

@

aniriusiail, Yszmalne
McGarrett, U5zing lneg
Merck, Hseimeeosuil
Merck, 1szimeeosuil
Merck, 1seimeeasuil
Carlo erba, 152maAona
Merck, Uszineneosail

Kao commercial, 15z 1ng

Kartell, U52madaa
Micronware, Uszimalng
Mettler Toledo, UTNAANIFOILIN

Stable Micro system, ﬂizl“l/lﬁfﬁﬂﬂy
Boss tech scientific instruments, szma’lne

Hunter Lab, UsgmaAanigomam
Biichi, UYseimeeasuil

Mettler Toledo, YsENATHIFOINTM
Mettler Toledo, UsEINATHTFOINTM
Mammert, 1/58neE0IN

Eppendorf, Uszimeieasuil



30
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a 4
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A = {2V o
M1319N 3.1 ‘niﬂ!uuﬂm‘“ﬂ]ﬂ]ﬁ‘nﬂﬁ@@

Treatment NaCl (%) Na,CO, (%) NaHCO, (%)
Control 0.00 0.00 0.00
1 0.83 3.33 0.83
2 0.83 0.83 3.33
3 5.00 0.00 0.00
4 1.67 1.67 1.67
5 2.50 0.00 2.50
6 3.33 0.83 0.83
7 0.00 0.00 5.00
8 0.00 0.00 5.00
9 5.00 0.00 0.00
10 0.00 5.00 0.00
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Fudi o MUN 1 Fudh 3 Sudi 6
Control 3.11+0.047"¢ 3.17+0.17"¢ 5.39+0.03"" 6.40+0.03™
1 3.16£0.01°"° 3.69+0.06"° 3.06+0.03" 6.87+0.02™"
2 3.14+0.08>¢ 3.39+0.02°¢ 4.31+0.05""° 6.66+0.11°"*
3 3.13+0.05°"¢ 3.75+0.18"¢ 4.39+0.107° 7.24+0.05™"
4 2.69+0.01™ 3.3940.02°° 4.88+0.09°" 7.15+0.01**
5 3.04+0.01”" 4.35+0.01*° 5.18+0.01>" 6.57+0.04""
6 2.58+0.10"% 4.23+0.03"° 4.76+0.09""" 6.69+0.07""
7 2.54+0.12%% 4.2240.01*¢ 5.0740.01>" 6.85+0.06""
8 3.3540.01*¢ 3.04+0.00""" 4.13+0.06"" 6.61+0.03°"*
9 3.18+0.03"* 4.21+0.10*° 4.59+0.03™" 6.67+0.03°"*
10 3.10+0.04"" 2.93+0.01°¢ 3.2740.03™° 4.50+0.04""
11 3.36+0.01"° 2.71+0.13™ 4.19+0.08°" 6.01+0.06"*
12 3.26+0.01""" 2.60+0.04™" 2.51+0.03" 2.68+0.04"
13 2.99+0.02" 3.85+0.00™¢ 4.69+0.00"" 6.27+0.00™
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TMA (mg N/100 g sample)
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UN O AUN 1 IUN 3 IUN 6

Control 2.10+0.59°° 2.94+0.59""" 5.04+0.00™" 6.30+0.59°"
1 1.68+0.00°° 3.36+0.00°"" 2.52+0.00"" 3.78+0.59""
2 2.1040.59°° 2.52+0.00"* 3.78+0.59°° 6.30+0.59°"
3 1.68+0.00°° 3.78+0.59°"°  3.78+0.59°° 6.30+0.59°"*
4 1.68+0.00°° 6.30+0.59™" 3.78+0.59"°" 5.46+0.59"""
5 3.36+0.00™" 3.36£0.007°%"  3.78+0.59°" 12.60+£1.19™
6 2.1040.59°°° 4.20+0.00°" 4.6240.59""" 9.66+0.59™"
7 1.68+0.00°° 4.62+0.59™" 4.62+0.59""" 6.30+0.59°"
8 1.68+0.00 3.36+0.00°%  4.62+0.59™"° 6.30£0.59*
9 2.5240.00" 4.62+0.59" 5.04+0.00™" 7.14+0.59*
10 2.5240.00"° 2.94+0.59""" 2.9440.59°"  5.04+0.007"""
11 2.94+0.59"%" 2.9440.59°%"  4.20+0.00""  4.62+0.59"""
12 1.68+0.00° 2.52+0.00™" 2.94+0.597% 3.78+0.59"
13 2.94+0.59"%" 2.94+0.59""" 2.94+0.59" 7.56+1.19°"
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- . TVBN (mg N/100 g sample)
IUN 0 IUN 1 IUN 3 AIUN 6

Control 7.98+0.59™¢ 8.40+0.00™° 9.24+0.00™" 13.44+0.00"
1 7.98+0.59™° 6.30+0.59"¢ 6.72+0.00""° 9.24+0.00"
2 6.7240.00"" 7.1440.59°" 7.9840.59%" 11.34+0.59>*
3 5.04+0.00"° 7.984+0.59°" 8.82+0.59*"" 14.70+0.59°*
4 6.7240.00"" 6.30+0.59°"" 7.1440.59"" 9.66+0.59""
5 6.30+0.59°" 7.98+0.59"%" 7.1440.59"" 18.48+1.19**
6 6.7240.00"" 5.0440.00""" 7.1440.59>" 21.84+2.38™
7 4.62+0.59™° 5.46+0.59"" 7.9840.59°" 11.34+0.59*
8 6.30+0.59°" 7.1440.59°" 7.9840.59°°" 9.66+0.59""
9 6.30+0.59° 7.98+0.59"%¢ 9.66+0.59™" 15.1240.00°"
10 5.46+0.59"" 4.62+0.59""" 5.88+0.00"" 7.98+0.59%"
= 4.62+0.59"° 4.62+0.59""" 6.30+0.59""" 6.30+0.59%"
12 4.62+0.59°° 4.20+0.00"° 5.88+0.00"" 7.14+0.59°"
13 6.30+0.59"" 5.04+0.00""¢ 6.30+0.59""" 10.08+0.00"""
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[]
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v A

[]
w A

[]
U A

aniie IUN 0 IUN 1 IUN 3 IUN 6

Control 21.7242.99™" 21.63+1.94™" 21.3242.93™" 19.98+1.11%"
1 13.61+1.83"" 14.19+1.24™ 13.96+1.76°>"  14.98+0.25""
2 18.19+2.91™%°  20.39+2.54™™"  15.76+3.31°*  14.17+2.78"¢
3 17.30£2.39™%"  17.77+0.12%°°™  17.23+3.34°°"  16.93+0.09"""
4 20.06+3.35™™  17.2041.73"%"  17.8242.57°7"  17.28+2.64"""
5 17.53+1.72"%"  18.68+3.17°°°™  17.60+2.33°°™  16.80+3.90"""
6 17.49+2.18™™"  16.65+0.95"°°™  16.824¢1.92°>"  16.19+2.28"""
7 19.13£6.69™"  17.29+6.25"%°"™  17.20£1.71°°™  17.55+2.00"""
8 17.8546.99"%"  17.50+5.23"%"  17.28+1.60°°™  17.33+3.84"""
9 21.23£2.96™  17.45£0.20"°°"  16.79+2.89° "™ 18.86+2.64™"
10 17.85+1.98™ 15.38+5.18°°% 12.76+3.67°° 16.79+1.58"%*
11 20.24+2.49™* 14.19+£1.24%° 18.92+3.91°" 15.0441.32%"
12 17.24+2.44" 16.02+4.77°°% 12.77+2.77°° 16.09+2.40"%*
13 18.87+3.73™ 17.80+2.11°% 7 (1411098 14.03+1.52>°
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Critical Number of Correct Responses in a Two-Sided Directional Difference Test

(Entries are x,)
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Eatrics are the minimum number of correct responses required for significance at the stated ar-level (i.2., column) for the
corresponding nursber of respondesnts, & (ie., row). Reject the assumption of “no difference”™ if the number of correct
responses is greater than or equal to the tabled valuve.
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Note: hnhsdnuilu&h.m:-(t-uaym.mthhmdmm
Compare the value of z to the of2-critical value of & standard normal variable, i.c., the values in the last row of Table T3

(Zan = lan).

a1: Meilgaard azaue (1999)
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