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Thesis Advisor Asst. Prof. Dr. Yuporn Puechkamut
ABSTRACT

The sesame tofu production by spherification technique was studied. The principle of this
process relies on the sodium alginate and calcium chloride to gelation. In this study, the sesame
tofu was prepared by adding 1.75% sodium alginate in sesame tofu milk and submerging in the
bath of 1.75% calcium chloride in order to form a sphere. The effect of the ratio of soybean to
water (1:5, 1:7.5 and 1:10) and roasted sesame (40%, 50% and 60% by weight of soy bean) on the
qualities of sesame tofu ball were elucidated. The results showed that increasing in the ratio of
soybean or roasted sesame contributed to decreasing of L™- and b - value whereas hardness was
increased. The sesame tofu balls were further studied for sensory evaluation. The results showed
that the ratio of soybean to water at 1:7.5 and 60% roasted sesame had been well accepted. The
effect of sodium alginate and calcium chloride concentrations on the qualities of sesame tofu ball
were studied by using response surface methodology (RSM). The result found that when the
concentrations of alginate or calcium chloride increased from 1.5% to 2%, the hardness of the gel
significantly increased. Moreover, the equations for predicting size, weight and hardness of the
sesame tofu ball from both parameters were well conducted. Their coefficient of correlation (Rz)

were greater than 0.93.

The state that used to produce sesame tofu ball was selected from the condition using at
least of alginate and calcium chloride concentration to receive the maximum hardness of the gel.

The predicted condition was the state that used sodium alginate 1.5% and calcium chloride



v

1.55%. This condition gave the sesame tofu ball with hardness of 2387 g-force. The effects of salt
or sugar on the qualities of the ball were examined. The result showed that weight and size of the
sesame tofu ball added with 1% salt or 5% sugar were increased whereas hardness was decreased.
SEM revealed that the microstructure of the sesame tofu ball composed of the well constructed
strands to form network. The addition of salt affected the network structure with leading to the
decreasing in hardness value. The sensory evaluation by 9-point hedonic scale was used to
examine the preference of the sesame tofu ball. The result showed that all the attributes had the
liking scores of like moderately to like very much. The results of chemical composition showed
that moisture, protein, fat, carbohydrate, ash and calcium content of the ball were 85.26%, 5.26%,
6.87%, 1.98%, 0.63% and 120 mg/100g respectively. The quality changes during keeping in
polypropylene plastic box at 5°C for 15 days were also studied. The result show that the hardness
of the sesame tofu ball did not significantly change and microbial count was detected less than 10

CFU/g. The sesame tofu ball could be kept at least for 15 days.
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https://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%97%E0%B8%A8%E0%B9%84%E0%B8%97%E0%B8%A2
https://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%97%E0%B8%A8%E0%B8%88%E0%B8%B5%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%97%E0%B8%A8%E0%B8%8D%E0%B8%B5%E0%B9%88%E0%B8%9B%E0%B8%B8%E0%B9%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AD%E0%B9%80%E0%B8%8A%E0%B8%B5%E0%B8%A2%E0%B8%95%E0%B8%B0%E0%B8%A7%E0%B8%B1%E0%B8%99%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B9%80%E0%B8%89%E0%B8%B5%E0%B8%A2%E0%B8%87%E0%B9%83%E0%B8%95%E0%B9%89
https://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%99%E0%B8%A1%E0%B8%96%E0%B8%B1%E0%B9%88%E0%B8%A7%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%87
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%95%E0%B9%89%E0%B8%B2%E0%B8%AB%E0%B8%B9%E0%B9%89
https://th.wikipedia.org/wiki/%E0%B8%96%E0%B8%B1%E0%B9%88%E0%B8%A7%E0%B8%87%E0%B8%AD%E0%B8%81
https://th.wikipedia.org/wiki/%E0%B8%96%E0%B8%B1%E0%B9%88%E0%B8%A7%E0%B9%80%E0%B8%99%E0%B9%88%E0%B8%B2
https://th.wikipedia.org/w/index.php?title=%E0%B8%8B%E0%B8%AD%E0%B8%AA%E0%B8%96%E0%B8%B1%E0%B9%88%E0%B8%A7%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%87&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%95%E0%B9%89%E0%B8%B2%E0%B9%80%E0%B8%88%E0%B8%B5%E0%B9%89%E0%B8%A2%E0%B8%A7
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https://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AD%E0%B8%A8%E0%B8%81%E0%B8%A3%E0%B8%B5%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A2%E0%B9%80%E0%B8%81%E0%B8%B4%E0%B8%A3%E0%B9%8C%E0%B8%95
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%99%E0%B8%A2
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A5%E0%B8%8B%E0%B8%B4%E0%B8%95%E0%B8%B4%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%82%E0%B8%81%E0%B9%81%E0%B8%8B%E0%B8%84%E0%B8%84%E0%B8%B2%E0%B9%84%E0%B8%A3%E0%B8%94%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B4%E0%B8%95%E0%B8%B2%E0%B8%A1%E0%B8%B4%E0%B8%99%E0%B8%AD%E0%B8%B5

M3197 2.1 AN IAFUINTVOINWHADI 100 N5N

AUAMNIAFUINT s ATL
WA 446 keal
A 8.54 g
T1lsau 36.49 g
a3 Tu'lamsa 30.16 g
dule 9.3 g
Bl 19.94 g
Fatty acid, total saturated 2.884 g
Fatty acid, total monounsaturated 4.404 g
Fatty acid, total polyunsaturated 11.255 g
Fatty acid, total trans 0.000 g
Cholesterol 0 mg
1IBI9)
Calcium, Ca 227 mg
Iron, Fe 15.70 mg
Magnesium, Mg 280 mg
Phosphorus, P 704 mg
Potassium, K 1797 mg
Sodium, Na 2 mg
Zinc, Zn 4.98 mg
U
Vitamin C, total ascorbic acid 6.0 mg
Thiamin 0.874 mg
Riboflavin 0.870 mg
Niacin 1.623 mg
Vitamin B6 0.377 mg




M3197 2.1 (A0) AUAINN INFUINITVOINUHADI 100 N5N

AUAMNNFUINT s ATL
Folate, DFE 375 ug
Vitamin B12 0.00 ne
Vitamin A, RAE 1 ug
Vitamin A, IU 22 U
Vitamin E (alpha-tocopherol) 0.85 mg
Vitamin D (D2+D3) 0.0 ug
Vitamin D 0 U
Vitamin K (phylloquinone) 47.0 ug

1301 : USDA National Nutrient database (2017)

H A o & ) ]
M3197 2.2 nsaozd Tunsuiulusmasausia

PSununsaoz i Tu
RREATALY
(grams of amino acid per 16 g nitrogen)
Lysine 6.9
Methionine 1.6
Tryptophan 1.3
Threonine 43
Isoleucine 5.1
Leucine 7.7
Phenylalanine 5.0
Valine 54

301 : Preeti lazANE (2008)
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2.3 91

A a J . T . I A '
NFONININGNANTI Sesamum indicum Linn. 08 1un35208a Pedaliaceae 1Tyl
a o o <3|
Uszan'lifdugniinugelszanm 155-185 isuAiuas (Sheahan, 2014) anvugaidwilugil
{ ' o I ! @ I 1
winen J50amenvesaian Jvulnagu luidlulu@es Gesasstwnseady ludugalla
A = 9 a a I

viaogzlluvien Uanwadalszuna 2-5 udias e171szsim 6-10 tsuANas aenaziiu

~ A A ~ A A ~ < <
ABNIAGY UNAUADNAVIIHIBAYNY TAsoonaonaiusenly nieluralimaay uiaan nuu

¥ A

1 AaA o =y o < = <= < Y AAa o
ETJLIGU 91UFAT UMD HIDAVII (WUNUT, 2549) AUV UIAEGN UITHNUANUDY URNIUY
< Ao < ] A A A Y a A vy &
mammaﬂyngﬂumamaﬂﬂam Wif]:..iﬂllsll DD ULAIITUNAUANIYDIDY
a Q-
2.3.1 FHUALAZNUTN

nigalualszinaine useandlu 3 wiia 1aun

'
o VR4 o A

o AAa A = a 9 1 o o d 4
1. ad fan)denddr wiugandnieuilgn laun O mugunsalssa un. 18
.2 uazqumwm% (AR, 2558)
PN A = o & A a Y o Y 3

2. BAnddenduin wugounndevign laun g1viugiooon 1

UMIEIAIY 60 QUATIFFIT2 tazun. ] (DLW, 2532)
o A A A t 2 aa A o
3. QIA-UAN 130 AN HI0NITENI SUNEAT aaldlIn1auas uazaalu
9 1 v A @ [~
18un swugnvos Tan wazg Tuiis (395, 2542)
232 AUAIMNIIAFUINITVINA
2.3.2.1 lwiiu
< A o A 3o g s 1 v
Tuwaaaegd luiu wieriniuilussnlsgneveggellszinmioosas 35-60
F91lsznounlensa lusiuduaI (saturated fatty acid) Yszanadosay 15 uaziinsa lviiu 'l
DU (unsaturated fatty acid) 5088y 85 Insiinsa lvsiuTotadn ¥3eTawd 9 Uszuadosas
a A 9 9 = @ 3’, (2 d’l [
36-40 oz laTuadn e lown 6 Uszanadesas 45-50 Fanga lvsiunsaesddtl ¥relums
[ A 1 o (Y <3 A ~ 1

ansTAUABAIADIBA lULARA 1Az ¥ 809N UNITTINAIVBUNAALADA AAANNIFBIABNT

] A [ QJ a 4 A
saduiluavveuden Gszdna uazd lads, 2539) wenanildalszaeulidrensathduan

nIaasesn ualogluil5uaries (Namiki,1995)
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2.3.2.2 Talsau
< % a
waaniTUsdulszuudesar 16.7-27.4 ¥alsznevdie nsassiTu
o v . . 2 by . 2
sty 18un wn 15 Tofiu (Methionine) n5U a1 (Tryptophan) Fafiu (Cystine) 815931
(Arginine) 1182 82%U (Leucine) 1115110194 (Olaiya, 2014) F91fSunavesnsaezil Tuazlinnw
Y v
HANANTUOGHUAWIANAINVBIEIOW LT HARIRIAITIAN 2.3
I'4
2323 a3 1 laasa
< % =
wanalsznoudienis Tulamsalszuadesay 18-20 Fanuls e
ﬂgiﬂa‘ (Glucose) tagn§ nlaa (Fructose) Tuil5urae (Wankhede and Tharanathan, 1976)
2.3.2.4 300U
< aa A a v Aa A A a Aa a
waanTImNuratesie wu Iauul luleau Iaay leludaea nia
a a é 1 dy ] o a =
W51 ozil Tunuu leon Feasmaitisganhgalszam Qlads, 2546)
2.3.2.5 H3579)
< A Ao o A <3 o = = = o
il andnyae saman dengd lolodu uaadon Woawosa
A Y =~ ~ 1T A v o = o T A o o
legiovaz 4.1-6.5 MiuaaBeunn NN 11 40 1 AeareFaunninwinna 1 20

1 v

a dyd Ao o a 9 a J 1
M (AUNU, 2554) S aesrialdlusgnd Ay UM Nas1ngzgn (FHNIUA, 2533) ud

Y
% 1

dy o 1 A 1 o Y o = ° v A
‘ﬁmmﬁaquaa“luamﬂmuﬂ”lummzﬁu ‘%\‘iﬂﬂﬁﬂﬁﬂﬂﬁ@ﬂ“ﬁuﬂlflﬂuﬂm%’ﬂuﬂW (%73, 2542)

U

2.3.2.6 AIMUBYYADATE

3 = o a i 2 g 9 a
Lllﬁﬂﬂl]?ﬂiﬂi%ﬂ@ﬂ%'lW’]ﬂaﬂLLuu (lignans) %QLﬂUﬁWiﬁ?UﬂHHa@ﬁig

L= a =

asanuuund A yued 2 sia Ao A131w 13U (Sesamin) HAZIFE LAY (Sesamolin) &9

Y
%

Y
msdayniaesriailiognnsssunalulszinuiesas 0.5-1 uaziosaz 0.3-0.5 ANEIAU
o % a dyd a v A v 1 1 Q' [ 1 =
war @ A YT Irial I51891UNI32 988 uIUNTIoHUTE AUV NI NN N TaWs0a
Y
(gamma-tocopherol) Tu@ealiunnvy tazrvanszauveuud InIaTlsea (beta-tocopherol)
9 v
luwdea ¥rvdudimainalieoendadyu uazanizauvesnoadinesoaludon (Fae,
v & 9 (% 1 o Y a ' [ Y [
2547) wazudamsaiuaeaaaesealudy uag livh Iinansazanlusienme mldszdy

lusiuegludadiunined (5w, 2555)



3197 2.3 AUAIMN IAFUINITVOIIA (100 NFL)

13

Q-

AUAMNIAFUINT NAAY A1) ATL
Water 4.69 3.30 g
Energy 533 600 kcal
Protein 16.67 16.96 g
Tryptophan - 0.37 g
Threonine - 0.70 g
Isoleucine = 0.73 g
Leucine i 1.29 g
Lysine : 0.54 g
Methionine - 0.56 g
Phenylalanine - 0.89 g
Valine . 0.94 g
Total lipid 46.67 60 g
Carbohydrate 20 20 g
Fiber, Total dietary 10 20 g
Sugar, total 0 0 g
Minerals
Calcium, Ca 1333 1200 mg
Iron, Fe 12 72.0 mg
Vitamins
Vitamin C, total ascorbic acid 0 0 mg
Vitamin A 0 0 U
Lipid
Fatty acids, total saturated 8.33 10 g
Fatty acids, total trans 0 0 g
Cholesterol 0 0 mg

131 : USDA Nutrient database (2016)
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2.4 9AUUA

v

a v A Id 4
aLUM (alginate) N30023U (algin) Wu'lalasnoanoea (hydrocolloid) Usean
a g 4 { a 4
woaudna lsa (polysaccharide) nihueme Tswedudgnailsa (heteropolysaccharide) 911150
9 a 1 a3 a ] Y v Aa 2 Y
nulamusssuna Ly awnsogesaaisla (Lee and Rogers, 2012) 8adtuadana lavin
o 4 ' 3 a o A I
ATUYAaV0Ia 1119711918 (brown algae) (Lai Hazame, 2006) lumsnansaduailu
1 Aq ¥ Y ' . . A o a 9
2ATIVNITU a1vsrenzianly 1aun Macrocystis  pyrifera Hoavudszuimsosas 14
Lo . T N i~ Y = <
19, Laminaria cloustoni 148& Laminaria digitata Hoadulseinuiosay 15-40 Usuunnuae

2 l a 1 1 { v a a J 1 g Y o
Yuegnurlavesdmsle gania tazuvasna it aay Ia amiemaiiing lanag 1i

i\ a v Aa = % o 4 4
luTan Uszimaindaoadiuauin Ao o15N1 0INGH HIUAT du U516 LAUWIAT LA

D.

' a a o
Q1 (@101 nazlfns, 2557)

v a 3 a

909U unbranched binary copolymer U®NNJ mmugiiuﬂ (1,4-B-D-manuronic

. A A A a 4 v A 4 A
acid; M) Haznsanglsiin (L-guluronic acid; G) woamesvesdaduaszosulanenision
1 A o 1 Y o aa Y
serian I luwesfd e ¢, nag C, aronuse lnalagan lulwanalsznovdle
homopolymeric ¥0IN3ALUUY T31iN (M) taznsang 15in (G) NFENIT M- 118 G-blocks
o w Y U <3| [ =
MuaIAY tazdalunaaIuved lnanaily MG-blocks A901WN 2.1 (John tagAME, 2014)
o 1 Y 1 dy I ) wAa v Aa [} 9 =
dadIuved copolymer ttaz Iassasiuratazitluarmvuaauinvedadime 1wy a1Ina
4= a A = v ol A g 19 a I a
woestniagglatn (G) lwlsmnangeesiantinduaanuie uad Indwesunsauuuy lstin
=\ 9 d' a d' 1 1 = a d' 9 1
(M) U5iage aziuun luunszinananesudy tazlian1iz lumsnananniani
[ 1 4
M block UY3znovao B -D-mannuronic acid N13IUAUIEHINNOUDINDT 1U M block
I @ an a =%
viihuiuse B-1.4 Tnalasan aewedweilanbazinu (flat)
9y . . a =Y Yy
G block U5znoune Ol-L-guluronic acid AENDANOTNANH UL 17990 (buckled)
MG block 1/5¥neuaI B -D-mannuronic acid (16 Ol -L-guluronic acid
v a 1 { g @ { @
TueneTuanavesdudwe damily G block Hanvaz Inwengniinldnagal inw

<= A A v A Aa a o Y <3 AN Y
ISINI9N] L%amﬁimﬁﬂﬂ@ufﬂm@ﬂllﬂﬁﬂt]@jiuﬂlﬂﬂ%31/]111(??1’313“&‘511QLLi\?ﬂJENLi]ﬁQN ma‘n"lﬂ

@

< 1 1 ' < o { a {
AU TiTANuEangu ualu M block dzitludnyazuuy (fla)) wanlioadiuai

)}

A Y S A 1 1 = A 1 1 < = <
LLNUHISuﬂNWﬂ fnzalmcliam/mmmaamgu NANHIA Y uazﬁlumuua@ﬂ MG EUANVLUN


http://www.foodnetworksolution.com/wiki/word/1101/polysaccharide-%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%81%E0%B8%8B%E0%B8%84%E0%B8%84%E0%B8%B2%E0%B9%84%E0%B8%A3%E0%B8%94%E0%B9%8C
http://www.seaweed.ie/descriptions/laminaria_digitata.html

15

a { ao’ [ 1 1
aathunas Taedaduaniusunar MG block 110 azauTnaza1euil laa 9as1aIUTZHIN

v J

M/G dziianuduiusnuanuansolumsuanasulseyoeeu lane (335010, 2549)

]
A Aa o = wa

v Aa I o ¥ A ' o
savnuaNraaTmbeiumsminarseyiussslauiansazaelusiiuanaienu
1 v J Y a %
U OYWUS YouNao Ca”, K, Na', NH' uazdawanlugzaues propylene glycol alginate 4’14

v J Y

9
mﬂﬂ;]ﬂiilﬁlﬂﬂ alginic acid AU propylene oxide mMelannuau 21 utimarezazane lans
2y I A v Aa A s)dy % a Yy 9

Tuhfounaziingu anuvilavesasazaredadiuai laduegnugungl aududu
Y
miin Tuana uazn13d Tavzaszquan (Phillips and Williams, 2003)

v Aa o 7q Y ] Y 9

gavuagnilszgnaleed1ainingwne Taem iz lua e s o1 uazgaarinssy

v A v 2 a < A ' o
L‘W:iwaamumﬁmmmmmiumiﬂﬂmum N1INALIA Lﬂuﬁ’lﬁlwuﬂ:}'ﬂlﬂﬁﬂ HAgBIYINHI

v a v o v A a g 4 '
ANUAIAIVDIBNAYY (John LiAzARY, 2014) aamummmmm@Lﬂumahlﬁlﬁaag“lumiazmﬂ

[ v
o

< a S 1 A $
il lovouveslanziidluwoarnaudi wu Ca’ Ba® cu’ uwag Al lovousiiailszquiniisin
T¥dmSumsonwanndadiug fo Ca” A WT0IUND G block laa Tas1ldunui H,0®
v a { g @ [ ] 1 A8 9 { 1 {
Yoo RUANATIN UGS ba Tasnunumy oo mallu Tnsaas19nisonii egg box (NN 2.2)
a v w U A Y v Aa A a 1
uanlosouaziamssadanudiunilszyaululassaiedadue Aonsagg lstinasany
J aa Z _ ' Aa a J Yy v Y o
AT VINFAN (carboxylic acid) Hazny —OH Niog luemenadiuoi 1nas AUABIA 1Y AIINUTE
- J . [ Ya g 1
loo0iin (ionic bond) v lvinadlus 13ty
Y 12 ] a v A o Y A d
t'lifilesauved ca’ Tumisazarwaz hiflimsinawa sadtuaszirinniluiie

1 A 9 1 g’; v Aa 1
ﬁﬁ"lf’JEJLWNﬂ’Nllﬁﬁﬂ lyasagaremuu mMsHea C212+ m‘lﬂiummzm&mamuw WUHAAD

= Yy 9 < a

] A ¥ [ A I dy =\ o 1 a I

ankaclaan ta iﬂWﬁiJ!ﬁ’]Lﬂull‘ljﬁ]aﬂllﬂﬂglli]@]@LuﬂﬂlﬂULu@Lﬂﬂ’]ﬂu !L@%ZLﬂﬂLﬂu@ﬂ (spot
. dy A a v Aa I A o [ 1 Y A Yo Y

gelation) VYU  HAZLIANINAIINDAILUA Lﬂu&ﬁ]a‘l/]WUﬂﬁ‘]JhlﬁJllﬂliJE]llﬂﬁUﬂ'J'lNi@u

(thermoirreversible) TuAsNUasANTow (luazary) (3ssaIua, 2558)
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(a)

p-o-mannuronate (M) a-L-guluronate (G)

()

00C OH  00C 00C,

oH  00C OH
G G M M G
(e)
MMMMMGGGGGGMGMGGGGGGGGMGMGMGMG
L Il J )] L 1
M-block G-block G-block MG-block

MNN 2.1 TATIA319U99609311A (Alginate) AR

311 : Phillips and Williams, 2000

MNA 2.2 na lnNsIAARaved calcium alginate (Egg-box model)

31 : Lee and Rogers, 2013
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2.5 M3YugUnsanan

X | & a a J =)
Msvugduuunsanauiuniianatinvedluanlrarsuna Iasi (molecular gastronomy)
= o [ a 4 G Y 4' o Y a g
e mahranmImaInemaasinilszgndlylunsisznevenaielinaily
o3 gUuunmlan lminazih 1wdus Inalinnuandsznanala ludnuazalsinguesenms
a dy o G Y a a 3‘, =
matamsvuginsanavgnilszgndlylugsnsnsnmsermsasusnluil 2003 910

Y = "o 4 = 2 A
Frwemsueayd Usemamilu Tagvieni s anuie o oudss nsvuginsanay A

[
2K A

] Y Y Y I I a ’q ¥
NIzUIUMIHINVOUHaIAIgalniunsInay whumalanienihaulylumsszgnaly
Tuemsenis v (modernist cuisine) a11150911 19 1ae 14 TmAsudadiuaazarslue1misvad

J = S A = o I ¥
neadIUNaNeIITIMalat luansazaeunaTFeunas 158 WIauaaFeuLananin 1 1ansa
< Ay ¥ = 1 dy v @ 9 1 A Jd A ] =\
nauana nsanawi IdvelizUsw vazilodudaade llanidesvsonssnanaualnajaz il
o Y o Y o 9 v A o ) I
anvagamnugnuna ansarihunleiaaiuo s luuannualsnuy molecular Tagily
Y
arm1lszneuliuy 01113 NIAIAZ I (Myhrovold HazAE, 2011)

9 1

49! = ad
nsUugUnsanand 2 35 laun
i I A e Y 1 A PR =) v A [l
1.) External gelation 1JumAANADIINIBIAINTODIMIIMAINT lyAendadiuaog
= a = v Aa I A A
adluaisazanguAalFey NTTUIUNITINADAVDIUAAITINO DU UNTZUIUNITNNADIN
1 ~ Y a < [
msunsvesunagey looowhnielunsenay el Tas491918 (egg box) (John HazAME,
4 3 A A ° v § g s iy ¥ A
2014) (nnd 2.3) Humaiindausoi 1ade leuanaveanssnavi Idazlinnumse
A o o Y Y1 ] < a a
waziiloSulszmuilinsanauian 1ade o813 lsnaumsinamamelunsinaymuniana
Y A ] o & A A g Yy g ° Yy A
Idaoiiios wiziiiamasonainaisazaleuaaFeunIoaduaInan M lidouasw
A o AW Y < VY v o = y = P oAy
HARA NN 140819370152 vn lideeans 1 nsenaniisnyaziumanadia nanfodeanis
o 3 a
Tosameludinuiluvearal (A5aIua, 2558)
. | A A a . Yy 1 . A .
2.) Internal gelation Humatin Ay calcium source MALA calcium gluconate Y139 calcium
lactate 23 11 1¥1THAINY TsAgUOAUUN LA HIADIHMTIMANAI 1Y A1TaLaeNUNTADLFAN
F)
(glacial acetic acid) (John ltazane, 2014) vasvntuusznamsdaailaes Ca’ taz Ca’ vz

v w A a < J ] < {
cross-linking NUDAIUA ety Tasesreavie (egg box) meluveudansenaw (ﬂTW‘ﬁ 2.3)

(Lai ttaz e, 2006)



[ External Gelation ]

1.5 %wiw Sodium Alginate

20 mM

CaCl, _,[ Crelation ]

Rinsing

(L15 M NaCl

D] water
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[ Internal Gelation ]

1.5 %owlw Sodium Alginate

80 mM CaCO,

0.2% viv glacial
CHCOOH

paralfin conlaining
[ Gﬂ'fﬂﬂ.ﬂ'ﬂ | 1.5% wiv Span 30 +

Rinsing

Tween 80

D1 water

Qil soluble acid Oil soluble acid

Interface

Oil soluble acid 2+ Oil soluble acid

, Ca
Og ° 90
Oil phase @

a 2 Y an 3 Y 4
NINN 2.3 mﬁmugﬂman External gelation (D1W¢518) 148 Internal gelation (NIWVI)

131 : John BazAML, 2014
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2.6 '3%‘msuamwamuauammu‘ime%nﬁuﬁa

Y
AmMsuaninanoUauouy InTaa 19N uAY (Response Surface Methodology; RSM)
a 9 = I ax Aq ¥ a aa a s A o
Annulag Box 1wl a.d. 1948 Hudsmsnldmatianeadd uazadiamaasnonmuIN
~ A Y a [ 14 @ a [ o 1
ANNZHUAUVDINTLUIUNT W30 1F IUNITOONULLNAAN UNUAL WA INAAN DN L]
A o a o Ja o ) Yo 1 Y A o
violSuljamdanudiauansnihunlszgna ldnugaamnssuaien 1aa erauanyme
a o P 1w
VONAUNIN (quality characteristic) VOIHAANUNNGTEN MR TADVAUDI (response) W30
v J =2 @ -] Y Y =~
Haans IaglumsAny1IANUENRESAUTIeMINAaDs 32ADINNITINUNULIAZ DO NI L
9 v W 9 vy a Aadq Y v J
MINAAD IHMINZANAUENYULYITOYAAIY IMATIANINADAN IFUNUNINADUIIIS (contour
plot) (84393, 2552)
N1500NUUUNITNANDINIYIT full fraction factorial NOIABAINANVBITDYANINTZA
JateRdenanomnoUaLoIgIga TagllgueeniuuN1INAaDY 2 35A0. Central Composite

Design (CCD) 8¢ Box-Behnken Design (BBD) Tﬂa“l%’minizmﬂizﬁu%yaaaﬂﬂm

o 4 @ o A 1 1
AUINAN Lﬁ@ﬁﬂ]&lﬁ%ﬂﬂﬂlﬂ\‘lﬁﬂﬁ]EJﬁﬁ'\‘iNﬁG]@ﬂW]fJ‘UﬁU’ENQQQ’ﬂ NI1TBNLUUUNITNAADILUUD

=

9 { 1 1 1 % . R 1
BBD g1iuiigasous anan laelisauaiminizaiolussaunni (axial point) ttaz a1y
A . o Y A A ] @ @ K
(factorial point) W11A1neNN 18 linsounquligauosszauilade duiunseonuuuns
Yo a 1
NAABIUUY CCD 3 1a5UANUHINNINAIT (Myers LazAME, 2009)
o a o amxy 9 o =
HUUTIAINWANAFTAT VDD RSM 33 ouaad laaaaunisn 1
Y=TX, %7 ... JX)HE (1)
I ' X < H (% {
TagT Y AoA1nauaued (response) Wudlugdanilsaiu uag X, X,,... X, Asdu)snaula
é I~ % 9 U v J A d v Y é o 9 o w
B uA11/59U E = error term UDIANUFNNUTHIoWINTFUVIA T Faun lFaunisainy
A = A o w A A A ~
HUN (first order model) HIDAUNITANAUNTDY (Second order model) WIoaumsIna lulea
Ql:' Aas o

I J a a @ { {
(Polynomial Model) 1flua20311s Tagasminnananldne 15iasdesitiooNga (The Least

4 1 a Jd
Square Method) !ﬁ@ﬂi%uTmﬂﬁlﬂﬁWTﬁ'liJW]’f]'iﬁNG]
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U

a c; c; 4
2.7 YNNIV

a 1 2 < ' a
233U (2558) ﬁﬂH”IN@EUE’NizEJ%!’J@WﬂWiLL%ILlunflu@@ﬂ"ﬁ!ﬂﬂﬁ]ﬁsll@\i!Gglj"l‘izijﬂiﬂﬂall

v
=1

' ' ] A X J H @ ' J J <
wu'mzﬂznmﬂmmﬂumwumwﬁu ﬁ\iNﬂiﬁ)ﬂJHWﬂ HUINUD ATAINNAIN LALAIAITNLLU

) A X ' < A ' = & 4 o
VBUATUNTINANNNYU amq”liﬂmmmmflumwu 12 9219 mstlasunilasvesanyay

'
A v o o A A

v Y
Vl’lxiﬂ’lﬂﬂ’lwlhlﬁﬂ’liLTJEEJ‘L!LUJENE]EJN?J amﬂmmanmmimﬂwﬁu uazﬁﬂmwammmm
Yy 9 = v A = S A 1 a Y Y ]
mmumaﬂmmﬂuaamummmmm%maa"lmmuwamﬂmﬂﬂmammmngmmau NUI
A A ¥ 2 v a A Y Y Y y 9
ANNENNUIZTY AD mﬂﬂwmamamummmmeumuiaaaz 1.96 UAZANUIUVNUVUUD

= Y
memﬂmaa"lmsaﬂaz 1.59

o @ a 2 9 Y
DUYNT Llagv\liiﬁﬁ (2559) ﬁﬂ‘l&l’lwaﬂla\iﬂ'lilﬁuu’lgnaiaEla$ 5uag 10 l,mzm’ﬁ@iﬂﬂaz

[
S 1

1 w Q'} T = 9(: o 1]
0.5 uaz 1.0 Ndwanenanmues luynuutmass wumsamiaiaiesay 10 vl liyn
@ A ' 2 9 A a A 5 o Y1 < '
unoamaeshigmsoduzlld uaziodmnaonaziniaszildainnundsves liyn
TP N R ST N AR TV (A L IR
= A a =3 v A Y Y =S
Ana 1azAAL (1999) ANHIDNTNAVDL LHASNOAUA HAZANNIVNVUVD LA AL
X a 1 a (] =\ v A A ,5 v Aa
Aao15a lumsAana nuImMsnanazeglugdvewnadoudasma MU0 adIUA
! Y a Ay s ~ 2 2 Yy
N9 1MIAAN15AAAIY0IAN NN UIVRUBDHUIFAR THYMLNNTINNIUYDINNWTUTUVDI
= o o 9 A 1 9 a d é‘
unaseunan lamazinfinanisnedivoslauuvy
= o a Jd dy A . vy
Lee 4a¥ Rogers (2012) ANHINAUDINITNIAUIYTUVUNUIIU (basic caviar) Taela
v A {1 a @ F) 1 4
Tw@eudadiua uazuaadounaayiany laun unaFaunas 158 uaadeunanan uag
=~ = 1 < a = v a ~
uaaFeung Taua Fnudn1wE lumsamaved laaeusaduanneaasludisazale
= I [ [ 1] 9 9 = < =
upatFe Nl uadaaIu IaeasIN VALY UVDILAALITEY AITNUVILTIVUIANNIT
~ ' ~ AqQ YR ' 9 = 7 Y] aa
wasunlasmmmrasvesaaFeonnly sawunmslduaadeunae lsdaz Iinadnga msy
9 ds! a = F) = 9 dsg
Tgnarlumsvuginsanan dszuna 100 310 mwdrsuaa@meutaamn lsnarlunsayu
a = = Y d%'
JUnsenay dszanm 500 N vazuaameung Tatua lynarlumsvuginsanay sz

a a o g =y 2 I Aa A 1 9 S S A
2,000 3UIN ﬂQLlLlLLﬂﬁL“h’fjllﬂaﬂlliﬂﬁ]ﬁlﬂuﬂuﬂiﬁﬂﬂﬂﬁ;ﬂ mei“lmmawamaa”liﬂmmm

Wyt s e



21

e =® a d v A 9J a 14 d‘
Liling tagaae (2016) Anyianuruivesiansadua lagldnisiimeinisyoulog
{ 1 [ v ) [
1529 (crosslink) MaAnA1iY An Mn™, Zn™ uag Ca™ wui1 Ca”™ i ldalinuuiusauin
A o A 2+ 2+ o w Y2 Yy 9 A o o
e dauAe Mo’ uaz Zn” mud1ay uaz ladnuanududuvewnadounao lsa luszay

Y Y A v o A Y v a A
ANTUVUUUNUANANNU AD Jo8as 1, 2, 3 Las 4 @]6538&3@111&ﬂTﬂﬂﬂL"]f’ﬂllIENllizi]

' v J v .
(crosslink) WUNTEAUANURUTUVDIAATNAaD 15ATPAZ 2 52821781 2 UIN 1A tensile

'
=

strength Hazal elongation ¥1NNFA

= d' a a =
Nuchanart tagaae (2010) AnkINT)aesuualasvessaiu wan Tuau vaz Inlasea

%

< a @ 's ’é 1 o A
Tuaan tagluwdasuainiualudssma ing Wwua1n15032 18R 1UDITNTIFF U 15967

Tuau nazInlatlsoa TwaaILmIAY 1.55 mg/g, 0.62 mg/giag 50.9-211 pg/g AMNEIAY

7Y o

dulundanuaiiniunelarsaaniy wan Tuau vaz Inlawlsea 1110V 0.93-2.89 me/g
0.3-0.74 mg/g 11a% 304-647 pg/g MUAIAU

A = Y 9 =] an ~ A
Jimoh QAU (2011) ﬁmglwmﬂwmmmuuﬂma@ﬂ Iﬂﬂ?‘ﬁﬂ1i@ﬂﬂqmﬂgll 180

=

~ < A Y ) Y A A
RSN L’]Jul’)i?ﬂ 5, 10, iag 15 UIN Llaﬁﬂﬁiﬂﬂ’ﬂll‘i@uiﬂElﬂﬁ@]iJ‘V]ﬂﬂ!’l’i{]iJ 100 93¢0

a

2 I = ' Y 2 Y IS '
Iy HJL!L’JﬂW 10, 20 i@ 30 UIN wmmwﬂwmuﬁauiﬂﬂmmmmzmiau UHAABNIT

(%

= ) s oA A ' < o q. ¥ )
Lﬂﬁﬁluuﬂﬁ@ﬂ%ﬁﬂﬂmﬂﬂﬂi%ﬁﬂ’E]‘U‘VIN&ﬂiJ‘V]LﬂEJ’) VAUAIN NI 1TUDILNAAN Llﬁg‘ﬂﬂﬁ Anti-
nutrient composition RGN
=2 Y Yy dAa1 a < C]
Eva tlazaue (2012) ﬁﬂywammmﬂwmmmummammu “lumamMancn uaa
o 9 4 1 v Y = =~ ] a
1911 L!'ﬁ%"UTJll‘iclf W‘U’NﬂTiGh’iﬂ’ﬂiJ‘i’ﬂuﬂ 100 @Al a i]x'luﬂaaﬁmaammu Iuag

I @ 1 Y 1 v 9 Y 9 A = v 1
”lﬂaTﬂ"le“lumafnmm A TUN AT IDUNINNIT IHANINTOUN 100 DIFTATIFAVAI0E1

a

H ;2 H
nlianuruge whliinamsgesaarsvesdnuui nazms liANuTouNguygl 250 09N

U

= o ya L < 9 4 @ 1 <
Ay ﬁ]$‘l’]ﬂ°ﬁﬁﬂlluu !,Laz"lﬂaiﬂ"lcmslumaﬂm !LﬁZ"’UTJUlﬁ“])' AAWYAIDYITIALT Y
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(%4

d axl o A
Jaqainsamazisautiumsnaaes

Y U
3.1 Jaquazginsas

3.1.1

3.1.3

3.14

U

Jagnl#luminaaes
< A v A [l < A 1 A R A
3111 oamaesiugmealni 60 umedluszniudeunguaay daliguisy
A v A 1A 1
WAL 2559 nguiIveny 15T v
o o d s A = [ a A '
3.1.1.2 QEiug U0, 18 1N NEAABUAUEIBY W.A. 2559 91NNIATHINY 1511

AUZINYAT UMINSOINHAIT TS

R U S ARG R B LR L A
3.1.2.1  lapeueadiue (Food grade) 3INUSTEN 523A% 1986 3109

'
@ 2 [

4 a a A o
3.12.2  uAaieunan 158 (Food grade) 91N UTHN HIA%¥Y 311A

] a
ZT15‘IJ§Q!WN§ZT‘UW]

Y
3.1.3.1 U1I1aNng1gv1l ATINATHD

A a a o
3.1.32  na0UInn a31ganng

gilnsaiililumsnaaes
3.14.1  nsgilesegiitiend M uNIAINAY (Aluminium can)
3.1.42  109an2u%uY (Desiccator)
v £ .
3.1.43  29n321U99 (Crucible)
3.1.44 AU (Tong)
= J
3.1.4.5 UNNDT (Beaker)

3.1.4.6 n33U9NAN (Graduate cylinder)



3.1.4.7

3.1.4.8

3.1.49

3.1.4.10

3.14.11

3.1.4.12
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UAALAIANAIT (Glass stirring rod)
1uTasthtla (Micropipette)
15115105 (Volumetric Flask)
Kjeldahl flask

Boiling chip

mﬂgﬂﬂmyj (Erlenmeyer flask)

3.1.4.13 n520uM (Glass funnel)

3.1.4.14 156 (Buret)

3.1.4.15 V91159 (Stand Buret)

3.1.4.16 auvusames luiines (Infrared Thermometer)

3.1.4.17 191RAY (Syringe) Y11A 10 ml

3.1.4.18 neazidduauLae

3.14.19 Fouarsvua 1/, Foulaz

31420 Fhamuwaid

3.2 @l

321 aetules an Fawla (Cuso,) (Merek, Germany)
322 Iwunadsusanla (K,S0,) (Merek, Germany)
323  NIAUDTN2 % (Merek, Germany)
324  msazmemasgunialelasnasin (Merek, Germany)
325  @15avasduUAIANes (Merek, Germany)
3.2.6 lxdsylans E]ﬂulﬂb'@{ (NaOH) (Carbo Erba Reagenti, Italy)
327  as@eudmos (Petroleum ether 40-60) (Thailand)
3.2.8 105au0anedon (Merek, Germany)
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A A A CA
3.3 1AT99UDUAIITH
33.1 1950999021009 2 @119 (Ohaus Balance 2 decimal Ohaus §1 ARC120, USA)
332 1950999021009 4 @19 (Sartorius JU TE2148S, Switzerland)
3.3.3 é’auau%’ ®U (Hot air oven) (Memmert §' 1 UNB400, Germany)
334 13939808 115AY Gerhardt (Kjeldatherm Digestion Block ju KB (KB-8S),
Germany)
33.5  1A509nau 115AY (Gerhardt Vapodest VAP30, Germany)
33.6 1A309A512H luaiil (U SOX406 SOX406 ; Soxhlet, China)
3.3.7  1A30993AA1d (3U CR400 ; Minota, Japan)
33.8 AIeiailodusa (Stable Micro Systems Texture Analyzer, TA-XT Plus, UK)
339 ATevtamianuilunsa-aa (Schott Gerate, Germany)
3.3.10 K1 (Muffle furnance) (Nabertherm LT40, Germany)
33.11 nesmieaainles (Vernier Caliper, China)
3.3.12 Stomacher (Bag Mixxer, 400 interscience, France)

3.3.13 1A309tuHAY (Philips 31 HR2118, Netherlands)

1 ~

9
a o
m%@aum 8 (Kendro, Heraeus, Germany)

£§3E

3.3.14

3.3.15 1011990 10 (Tomy, Es-315, Japan)

3.4 SMsauiuau

3.41  MSABNNINN
MMsfaaaanlsnoona1nda taziilnd 100 a5y A luvloauauaadu

1 4 a 2] J o o
Huguanas 15 wuawas Taeldawnalieou auandmldninasanal 1nalszua 20

I3 = a

= <3 = g Qy Y 3
WIN Az leuallszuim 120 R salsoa (Noel uazae, 2016) mmﬁlmﬂu

Q Rl

' ° a a Aan <]
Uszanm 20 Wi iemeanuiousen wazussynm lugawaradn Ind Insiawnu 13141y

a Yy v o o
NTTHAANTNIAN 19U
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Yy 9 o
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Soybean : Properties
Water Appearance Color™ Texture Flavor” Overall”
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Sesame Hardness ~ .
Springiness  Cohesiveness ~ Gumminess Chewiness
(%) (g-force)
40 2295.90+186.88°  0.93+0.01°  0.75+0.01" 5.32+0.94 4.94+0.86
50 2566.60+57.07" 0.94+0.02" 0.77+0.02" 5.57+1.08 5.24+1.07
60 2778.53+112.98°  0.93+0.01°  0.74+0.01" 5.46+0.73 5.05+0.65

WA : NN mmaamawam“luummgmﬂ@mﬂuamq HedANana (p<0.05)
Aunde + daudeun AN 91NMINAae 3
ns = 1 A 9 3}; 1 [ 1 Aaa
Wede Anndsvesteyalunuiawanaenuedslulivediagnieana

(p>0.05)

Y
Tumudnyauzilodudgveud1jaidmsanay Wu1A1 gumminess Hag chewiness 14
= 1 o [ < Yy 9 o Aq ¥ o ¥ A 1
Hanuuana iy (p>0.05) uadiANuuieud s msnannlFadiosas 60 inwin

q’ﬂ Aolim 2778.53 NTN-TY i@ﬁﬁﬁlﬂﬂ@ﬂ?ii%’@@i?ﬁ’lﬂﬂl@ﬁﬁﬂTﬂ’Ji@Elﬁu 50 1A 40 WA

=).

< [ Y [ o w { {3 1 { A
AITULUY INNY 2566.60 Lag 2295.90 NIN-LII AUAIAY (Gnﬁ’]\ﬁ?l 4.7) m'i‘ﬁl,ﬂm%uﬁmmm



38

A A o v K o Y 3 A H H o A o A K
WoNUS A NN VI11‘”‘]J%3JTEI!sll'E)\1LLGU\1‘VIa8?31811&1.!111!1“1!%0%1’@@\3\31@1LW3J5U°L!

~ = Y Y Y o ~ < A 2
( 138, 2552) ﬁNfNNﬁ114mTij\iWHTIi\iﬂﬁ?JiJﬂWﬂ'ﬂiJ!HN!W?JEUH

M1 4.8 wamsnadevanyaznilszamdudaueudfudimsanauiielFadinalu

Usnmae
Properties
Sesame (%) - -
Appearance Color Texture Flavor Overall
40 7.50+0.86 5.14+1.16" 7.16+1.61" 6.62+1.29" 7.18+0.72
50 7.62+0.81 7.16£0.89" 7.46+0.86" 7.18+0.92" 7.38+0.53
60 7.66+0.80 7.26+1.18° 6.52+1.23" 7.24+1.08" 7.3240.62
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(Response Surface Method, RSM) 89ALULNITNAABIAIIIT Central Composite Design 108
o Y A Y 9 =) [ A Yy 9 = 4
fmuald X, Ao anududuves ImReusadua uaz X, Ao Anuiuduvewnadounas lsa
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Alginate  Calcium Size Color Hardness
RUN Weight (g) springiness ~ Cohesiveness ~Gumminess Chewiness

(%) (%) (cm) L* a* b* (g-force)
1 1.50 1.50 5.61 2.24 54.45 0.36 1.26 2309.20 0.9187 0.7296 5.2753 4.9778
2 1.50 1.75 4.69 2.17 53.28 0.45 0.86 2734.79 0.9245 0.7300 5.2873 4.7530
3 1.50 2.00 4.48 2.07 53.62 0.46 0.84 2522.00 0.9230 0.7324 5.2834 4.8780
4 1.75 1.50 6.19 2.41 53.38 0.37 1.36 2074.02 0.9265 0.7376 5.3672 4.8970
5 1.75 1.75 5.52 221 53.34 0.45 0.85 2325.78 0.9243 0.7322 5.2898 4.7170
6 1.75 1.75 5.08 2.15 53.46 0.46 0.83 2540.59 0.9311 0.7340 5.3168 4.8462
7 1.75 1.75 4.94 2.13 53.15 0.46 0.86 2522.00 0.9312 0.7410 5.3922 4.7796
8 1.75 1.75 5.38 2.21 53.47 0.46 0.85 2493.41 0.9332 0.7416 5.4522 5.0568
9 1.75 1.75 4.81 D12 53.53 0.47 0.86 2542.31 0.9307 0.7415 5.4160 4.5320
10 1.75 2.00 4.92 213 53.61 0.45 0.88 2849.33 0.9139 0.7237 5.1594 4.3036
11 2.00 1.50 6.83 2.63 58.51 0.33 1.78 2556.62 0.9020 0.7024 5.0716 3.4800
12 2.00 1.75 6.56 2.59 58.49 0.32 1.67 3049.03 0.9406 0.7804 5.7156 5.3726
13 2.00 2.00 5.97 2.36 58.67 0.33 1.72 3161.14 0.9379 0.7585 5.4618 5.5736
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Hardness
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4 a d ' o
ﬂ1§N‘ﬁ 4.10 wan15AAsIEHAR N5 UsInvesmneuauesveedY

p-value
Source Prob>F
df weight size L* a* b* hardness  springiness Cohesiveness Gumminess Chewiness
Model 5 0.0004  <0.0001"  0.0003 00001  0.0003  0.0005 03008 0.2024 0.3566 0.1388
A-alginate 1 <0.0001 <0.0001 <0.0001 0.0001 0.0001 0.0022 0.4544 0.1642 0.2066 0.9538
B-CaCl, 1 0.0008 <0.0001 0.0240 0.0022 0.0103 0.0003 0.4259 0.4190 0.8094 0.3771
AB 1 0.5880 0.1722 0.1912 0.0206 0.1796 0.0919 0.1353 0.1382 0.2361 0.0341
A’ 1 0.0197 0.0001 0.0006 0.0002 0.0007 0.0014 0.9418 - 0.5326 -
B’ 1 0.0347 0.0079 0.0042 0.0012 0.0043 0.5903 0.1123 - 0.1840 -
Lack of Fit 3 0.9226" 0.9162" 0.0014 0.0091 <0.0001 0.3429" 0.0102 0.0051 0.0268 0.0284
R’ - 0.9398 0.9755 0.9449 0.9579 0.9434 0.9338 0.5177 0.3860 0.4847 0.4409

NUBLHE : * Significant at p<0.05

ns . .
not significant
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o v o yJy 9 = v Aa = I A
asnhuIANUFNTLsveInNuTUT UVl TnRendadua tazuAaTsuAan lsANIHa
' Y Y o v & R '
anummuead s imsananld Taglunmsnaaetigumsiiuneszudaegluglauns
o w . [ A = J o o Y
MA4ae (quadratic model) 11AAIAINIT1IN 4.11 Farlse Tewivesaunianaay i lvanse

o A Ay A Y Y o A v < ¥ o
ﬂ?ﬂ?ﬂlﬁﬂﬂﬁﬂ?fl%ﬂﬁﬂﬂﬂ?iﬂﬁﬁLﬁ?ﬁﬂWﬂ?ﬂiQﬂﬁN“ﬂMﬂmﬂTWﬂTLJﬂ’NiJLL"UQ VUIA LASUINUD

q

aranu'la

1 4
a

M99 4.11 qunianinneldainms 1siunfneuauotveaazlade

Dependent 5
Equation quadratic models R
values
Weight =31.99-14.45A-17.03B+1.08AB+4.35A°+3.78B° 0.94
Size =8.19-4.56A-2.53B-0.45AB+1.71A*+0.83B° 0.98
hardness = 12881.87-12921.35A-583.35B+1566.86AB+3098.52A°-343.37B° 0.93

A 9 9 a oA
A A9 ANUNILYe xRN U

A Y 9 = J
B no ﬂ’JWNLﬂlﬁJﬂluﬂlﬁ]ﬁlLﬂm%ﬂNﬂa@qiﬂ

M990 4.12 M3vinneaaMziivinzaylunssaadigadinsanan

Optimization of condition

Response
Predicted
variable Goal Lower Upper Weight Desirability
responses
Alginate  Minimize 1.5 2 1 1.5 0.636
Calcium  Minimize 1.5 2 1 1.55 0.636

Hardness Maximize 2074.02 3161.14 1 2387.29 0.636
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Total Plate Color
Storage time Total acidity N
pH Count X Hardness (g-force)
(day) (%) L* a* b*
(CFU/g)
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¥-2 MRS (AOAC, 2012)
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d a

¥-3 mynsizrSanalilsau (AOAC, 2012)
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w-4 m3anzvidSanaluiu (AOAC, 2012)
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U-5 MIIATEHUSINAUNIANIHNA (AOAC, 2012)
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