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ABSTRACT

This study aimed to investigate the effect of lipids and emulsifiers on pasting behavior and
gel properties of Namwa banana flour. The lipids used in this study were stearic acid (SA) and rice
bran oil (RBO). The emulsifiers used in this study were distilled monoglyceride (DMG) and sorbitan
monostearate, with the trade name of Span® 60 (SPN). The lipids and emulsifiers were added at 1.0,
2.0 and 4.0% by weight of flour. The pasting behavior of Namwa banana flour with the addition of
lipids and emulsifiers were investigated in this study. The gel properties of Namwa banana flour with
the addition of lipids and emulsifiers (texture profile analysis, color, and syneresis) after being stored
for 0, 3, 7 and 10 days at 4°C were also explored. Regarding the pasting behavior, addition of lipids
and emulsifiers caused a decrease in peak viscosity. Addition of RBO and emulsifiers induced a
decrease in breakdown viscosity. SA fortification rendered an increase in final and breakdown
viscosity. Addition of RBO was proved to cause a decrease in final and setback viscosity while SPN
incorporation prompted an increase in setback viscosity (p<0.05). Addition of lipids and emulsifiers
resulted in a decrease in gel hardness (p<0.05). For color of gel of Namwa banana flour, addition of
SA caused a decrease in the gel whiteness and yellowness indices after being stored for 0, 3, 7 and 10
days. DMG induced an increase in the gel whiteness index of the stored gels. SPN addition rendered a
decrease in whiteness index and addition of emulsifiers caused a decrease in yellowness index of the
gel stored for 0, 3, 7 and 10 days (p<0.05). Changes in syneresis of the gel upon adding lipid did not
possess a consistent trend. On the other hand, addition of emulsifiers resulted in an increase in

syneresis of the banana flour gel.
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(BUCHI K-355, Bangkok, Thailand)
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(Gerhardt, Konigswinter, Germany)
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(CR400, Tokyo, Japan)

Texture analyzer

(TA.XT2i, Stable Micro Systems, Surrey, UK)

1290 P/100 1951 texture analyzer

(Stable Micro Systems, Surrey, UK)
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miﬁ]lll,i]a"ll6\1‘1/\161’J§ﬂ€‘138u1311ﬂ8ﬂmlﬂﬁ\1ﬂ1ﬂ’3‘ﬁﬂl®\‘] Muadklay  and

a

S o { a 4 wa
Charoenrein (2008) (NAXNUIN N.3) lﬂﬂiﬂ‘H’lhl'a,ﬁQﬂlWﬂiJ 4 f]\iﬁ““])’ﬁl%ﬂﬁ HAagAUATIEUTNUA

U

o 1 2 o A 3 o
aaae 113 a1 YuR 0, 3, 7 1ag 10 YBIMFIAUTAN

b )
sULL AT (texture profile analysis, TPA) TNTILHAVIATO texture
(] a &'
analyzer (TA.XT2i, Stable Micro Systems, Surrey, UK) (A1AKNUIN N.3) AMUIUNITNNDI AU

Y . o . .
uiaanns1l TPA laun hardness, adhesiveness, springiness, cohesiveness, gumminess Y

chewiness
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[

& 3AA281AT99 Minolta chroma meter (CR400, Tokyo, Japan) Tagdann L*,
a* b* U521V CIELAB tagf U2y ua (hue angle, H°) ANMUAINE (chroma, C*) A%HAYU1)

(whiteness index, WI) HAZAYTIANNINIADA (yellowness index, YI) (MAKNUIN N.4)

o 3 . a o (% a,
M5UVU (syneresis) UAT12H Iaoaaulad91nI5U09 Verbeken et al.

(2006) LAY Wani et al. (2014) (MIAKNUIN N.5)

a v Aa Jd 1 a a o va 4

323 miﬁﬂy1wammauacv"lwgaamaqusmisumﬁmmwamazﬁuumamammﬂani
Yy 3 9
NAYUTN

a v A

o o [ 4 A R a 1Ta A o
dmsumsanu luaiuil vlsyiiaveadiiad lvoosiilu 2 viia 1dun aanad u
P s A ¥ 4
Tundire 154 (DMG) tazwos tunu Ty Tuafiesadaiiyeon19msal Span” 60 (SPN) u1l5Aw
a v Aa I I @ 1 %} Y] J o
Wutuvedad loesilu 3 szau 1dun 1.0, 2.0 uag 4.0% Taguimiinvearalns mvuald

A Aaov A

@ s ¥ 3 g Ay P T
maﬂNWaniﬂmaunm"lmmauam”lﬂmanﬂumamqmmu

a a 14 A @
ﬁﬂ’]&ﬂWf]ﬁﬂiiiJﬂ?ilﬂﬂLWﬁml’d%ﬁ’ll‘llﬁéllfNLﬂﬁ@]TJJﬁTEJﬁ%L%ﬂﬂnluﬁﬁ"lsl}ﬂ 3.2.2. 1108

3.2.2.2 MUAAY
3.2.4 MSTUAUNTNAAD WA MIIATIZHToYANEDA

1 Jd [
MWAUNITNADDIUVVFUAUY T (completely randomized design) NIN1TNAADY

2 a ' D) v . .
3 %51 ’JmiwwmmuﬂiﬂmumawayaT@ﬁflﬁn analysis of variance (ANOVA) meﬁamﬁaumm

[ %

1ANA1UDIALNA0 TAg 1Y Duncan’s new multiple range test NszAUTTDA1RTY 0.05
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a o a J
NaN13IIBUASIVNIUNA

¥
o Y

d
4.1 waldwaalansnalenith

a

a 4 90} %’ a 1 [ Y L4
Tumseaanasndre1ininannd1e1u1 Ay nuka Inny 18.88% Ha latiaate
[ :3’ 9 d' Y 1 1 9 Z, =\ (% = dy 1
Autiendae (ManuIn n.1) Msiwa lalaneud sl auguananmsgadonNudusznag

9 = g d‘ [ 1
mseuuiaazmsgyderansann luiuazunsesou
Pl ¢ be
4.2 9antlszneumaniiveanansnaleinn

7 a s v ? v o A '
i’NFI‘]J'i$ﬂf’]‘]_l‘i/l"lx‘llﬂllIﬂEJ‘]Ji%iJ"ImGU’t’N‘V\Iﬁ"I’Jiﬂa’JEJH"I’N UAAIAIANTITINN 4.1 WU

¥ 1 a M
pentlsznounanveslanindreinh 1dun miTulamsa TaoiidSuagededszuna 90% nah

Y Y
latiaeanananuaIuITenounTIH @I98191%U Suntharalingam and Ravindran (1993) 5189147
¢ ¢ 5 i H y X
Wasndredszaeudieanisys 70.0% uaziiiarafaraleriila (soluble sugars) 2.8% 14l

P4 = L)) dg! [ v J Y Y
E]Qﬂﬂizﬂ'ﬁ]ﬂ‘]/]’NLﬂiJsUwaaW'Jiﬂa'JEJGIJuE]gﬂUWU‘IEﬂa'JUﬂ'JEJ

~ s ~ s v ¥y
AT 1NN 4.1 E]\‘Iﬂﬂigﬂ’rDU‘VINLﬂWU’ENWa1’J§ﬂa’JEJ‘LlTH

aanlsznoumarndl U330 (% Tﬂmimﬁ’nﬁJﬂn)
Moisture 6.13 +£0.24

Crude protein 1.98 +£0.02

Crude fat 0.04 £0.02

Crude fiber 0.33 £0.06

Ash 1.96 £0.03

Carbohydrate 89.56 +0.27

A I ' { ' { ¥
mugauilununie £ ﬁjﬂlﬁfNL‘Uu?J’W\ﬁﬁ’]u”UfNﬂ'ﬁﬂﬂaﬂﬂ 3 91
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a a d ¢ v b4 14
4.3 Wqﬂﬂﬁﬁuﬂ1§!ﬂﬂlwaﬂmﬂ\1wa1]§ﬂa]fn»n]1

o [ =2 an 1 a a 4 J 9 % 9 9 a
ﬁ”lﬁi‘]Jﬂ1§ﬂﬂB"Iwasll@QaWﬂ@@Wi]ﬁﬂiillﬂWiLﬂﬂLWﬁW’IJ’EN‘Wﬂ”I’Jiﬂa’JEJu”I’J”I ]lﬂl,!,ﬂi‘lfl!ﬂ
aa d a 1 a ¥ o o Aaa
6U’E'J\iail\lﬂlflj‘hl 2 BUA hl@%lll,ﬂ ﬂiﬂﬁ!ﬁﬂiﬂ (SA) LL@%HWEJH?T’ISIJTJ (RBO) uazuﬂiﬂmm%}u%’ummavm
I o Y v W ] Yy 9 Aaa Y a
1y 3 s2ay llﬂllﬂ 1.0, 2.0 t1ag 4.0% Tﬂﬂﬁﬁﬁ'ﬂ’)@ﬂ"lﬂllﬁﬂﬁil!gﬂﬂ??llLélliJ‘llu‘U’f)\iﬁWﬂﬂ']iJﬂ’JfJGHU@]
aa ] A o 1 J 9 90} k) A a A A Yy 9 Y 1
VOIANA 1Y 1SA AMIBY1INA1ITNAWUINNANNTATLNST NANUU 1.0% AIBDYINAIURNY (Ctr)

S Y ¥ yagra o { wa a 7 S Y Py A
ﬁﬁ]‘V\la']'Jﬁﬂﬂ']ﬁlﬂ']'ﬂﬁUliJmiJ'J@i]‘L?ﬂ!’t‘]ﬂu G]']i'l\?ﬁ 4.2 L!ﬁ'ﬂ\‘lfﬂl‘ﬂﬁﬂTiLﬂﬂ!Wﬁ@]ﬂJ@QV\IﬁTJﬁﬂﬁ'JEJuTJ'Iﬁ

a aa a a 14 @ {
LUaANA (Lé}UWQﬂﬂiﬂJﬂ13lﬂﬂLWﬁﬂLlﬁﬂ\‘]ﬂﬁﬂ1Wﬁ v.1 Tumanuan 9.)

~ A a o J 9 g F) A A aa
A5 197 4.2 guUamsinamaaveslansnalsiINNauanNeg

Sample Pasting Peak Breakdown Final Setback
temperature viscosity (cP) viscosity (cP) viscosity (cP) viscosity (cP)
°O)

b a a c d

Ctr 83.3+0.08 3310.0+£72.96 810.0+37.24 4127.0£118.07 1627.0+£63.32

1SA ab b a b ¢
83.6+0.44 3179.3£33.72 824.3+22.14 4377.7£54.65 2022.7+£54.50

2SA ab c a a b
83.5+0.55 3079.0+4.36 822.3+£26.10 4576.0+£27.22 2319.3+37.43

4SA a d ab a a
84.1+£0.09 2865.7+17.10 788.7+£5.51 4540.0+32.23 2463.0+£10.54

1RBO b b b d e
83.3+0.10 3143.3+9.87 736.7+42.74 3938.3+42.90 1531.7+40.72

2RBO b c b d e
83.3+0.06 3069.74+24.58 748.0+41.62 3863.3+£51.62 1541.7+10.07

4RBO ab d c e f
83.8+0.52 2887.7+28.04 669.0+41.87 3644.3+14.01 1425.7+39.95

A I ' { ' { ¥
mugauilununie = ﬁjﬂlﬁfNL‘Uu?J’W\ﬁﬁWH”UfNﬂ'ﬁVIﬂafJQ 3 91

[ o w 1

@

1 A Jd o Aa v A 1 o = o w
ARAY IUTANAAYINUNTONHINAUANNUTANNUANANN UB N E 3] (p<0.05)

= 1 o o

1INA15190 4.2 NUNMsANaNAlNaed 1 Tved IRy (p<0.05) Apauian199 laun peak

viscosity, breakdown viscosity, final viscosity Liig setback viscosity Tae@081991AN SA 1az

o w

@ 1 A a = . . =% A 9)49’ Y o
AIDYNNEN RBO U peak viscosity aAQIDENNUSTIAY (p<0.05) nanlaldonndeeny Tang and

9
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~ oA PN ' 9 P4 s 9 A . . o

Copeland (2007) H351801UIUNDNTEN SA ﬁ\‘]WﬁiﬁLWﬁ@lﬁﬁﬁ%ﬂﬂ’JﬁWﬁN peak viscosity aff1183

¥ 1 a =) %I v
'Lli’)ﬂmﬂf! Zhou et al. (2007) 31891UIINTAY SA G1‘Iﬂl‘]J§3J"I‘ELl 0.5, 1.0 uag 1.5% Tmumumgﬁ’q

4 1 Y 4 J 9P A . . 1T AW v
‘UBQﬁ@Wi"]ﬁﬁQNﬁiWLWﬁﬂﬁﬂﬁﬂﬁﬂ’M peak viscosity AADNDYINNUYT 1 3] (p<0.05) mammwmu

A 2 1 a aa ] Y w Bo}
U3 SA quﬁu Desrumaux et al. (1999) EUDINMTRANANATINITOFIIIVIINITAAUNLASNITND
@ I'4 1 a @ aa a I a 9 @
mmammimmigaizmnmzmummam‘lmwu IﬂﬂﬁWﬂﬂ&ﬂmﬂuﬁﬁﬂigﬂf’J“]JLGI)'Q%’@‘L!ﬂD

a 1 a @ dy a a 9 o Y A 9 4

ufmTaaizmwmzmumimam”lumw UDNAINUANAN !, NLﬂJfl‘]JE]ﬁWHWHTVIWE)HJJﬁGHi%

1 o W 3 o J
!LﬂiEﬁﬁ\iW'ﬁi]'lﬂﬂﬂ?‘i@ﬂu'll,mgﬂ'liW’E]\Wl'Jﬂlf]\‘]ﬁ@l'li“]ﬂ!ﬂik‘la

) o . . < a o 4 1
113U breakdown viscosity LTJHWW%’W?JWI@iﬁllﬁﬂ\iﬁ\?ﬂﬁﬂ\lﬂuﬂWHﬂl@ﬂﬁﬂWﬁ“ﬁL!ﬂik&ﬁﬁ@
A A Yo P} = '
Lmmauiummzmwaﬁlmummiau (Lee et al., 2002) 11NNTANYIUD Zhou et al. (2007) WUIN
a a 9 1 aa a d‘ 9 [ 9 4
ﬂ1ﬂﬂﬂﬁ?iﬂﬁ%ﬂﬁ]ﬂlﬂﬁ“ﬁﬂﬂﬁ%ﬁ’ﬂ\‘]a‘Wﬂlmgll@3JIﬁﬁ'LﬂfJ”JGU'ENﬂ‘]JIﬂi\iﬁiNﬂJENﬁGﬂi‘]ﬂLﬂiHﬁ ag

A a a v A o s ~ v . LA Y
liJ’f]iJﬂ']iL@1]ﬂi@llmuuauﬁaalu/ﬁm'ﬁ%ﬂguwaslﬂ breakdown viscosity HA1aAaN ﬂ']ﬂwa‘vlulﬂslu

Y
=1

uAtetnuMsan SA 119 breakdown viscosity UALANANAUAIDEIIAILAN (9>0.05)

s o~ . 4 . . ' A v oo W Ay v
Tuvaz N5ty RBO a@9ma i breakdown viscosity aAAIDYNNNUITIAY (p<0.05) nanladl

9

9 9 Aa o y 1 a a a 14 @ o [
TOANADINUIIUIVYUDY Yassaroh et al. (2019) ﬁwu:nmimuﬂmaiumaﬂiuﬁmiwumﬂzwm
9

o Y S Y . . dy g
MInadn 1an breakdown viscosity 9RaY NIUUN

@ 9

usrtinsaluiundn 3 wiia 1dun nga
Totadn (MUFA) 38.4-42.3% nN3@aa 1utadn (PUFA) 33.1-37.0% uaznial1duilian (SFA) 17.0-

21.5% (Lai et al., 2019)

4
Aa o Y] 1 a 1 . 1 1 v o w
NUIBUFINUIINTIAY RBO @ma 1# final viscosity Yo unaala1anaseg1aiiiodiny
(<0.05) Tumsassiudaumsiiy s dewali final viscosity voumadiiauiniuediafivod 19y

1 1] =) % -7
(p<0.05) FOUWYAI Zhou et al. (2007) T16NUNATIAY SA 1TuTU 1.0% Taeriminuiaves
s Y ° 9 . . A A2 ) ' a 9 9
a5 14 final viscosity NANUNNUY 18 D’Silva et al. (2011) 5181UIINTAN SA LUNVU

Y 7 o san Y . . A 2
3.0 1Az 4.0% Tagthvinurevesamssinna i ldmadn 183 final viscosity (AL
G M3 setback viscosity 1umiinansiansausveunad Feiinnuduiusiudnyme

J 1

&l v @ a o sy ¥ J A . . < a A o
LUGﬁﬁJNﬁﬂJBQNaGlﬂleﬂllﬂ TaanaAdA15¥NUAT setback V1SCosity wWuvaneznas Insnsatu

[

9 = Y A Y s A I ara a A a dy
"lﬂ:umuaxmmﬂuumﬂmﬂaﬁmi%mm (‘]JG]‘W? ONDLIDUAY LASAUL, 2546) 1N UIYU

SI
Y o v

WUNNITIAL SA darali setback viscosity T UBETITEd R (p<0.05) TuvaeAin13iy RBO

damn 19 setback viscosity anasaeeiiivdna (p<0.05)


https://www.sciencedirect.com/science/article/pii/S0733521011000051#!
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) [ = Aa v A d a a o s Y g 9 9
ﬁ’ﬁ’i3Uﬂ1iﬁﬂH1WﬁﬂJﬂQﬂNa“ﬁUlV‘llﬁ)flﬁﬁ@Wﬂﬁﬂﬁ'iiJﬂTi!.ﬂﬂL‘Wﬁ'@l‘ll’é]Q“NaTJiﬂa’JEJuTN Ulﬂ

a v a

nilssiiauediias ooty 2 wiia laun aanaa luluname 156 (DMG) tazaed tuniu TuTu

4 ® a v A I 2 o
AHOITAFFON19713A1 Span” 60 (SPN) tazulsanuduiuvesdiad lwioasiilu 3 szau

Yy 1 v W 1 Y 9 a v A 4 9 a
Vlﬂ!l,ﬂ 1.0, 2.0 t1ag 4.0% Tﬂﬂiwﬁmammﬁ@ﬂugﬂmmLmumummeuacn"lmaammmwuﬂmm

a o a A o

a P o ' P H ! A P
21a% Inlwos 15U 1IDMG Apdl0d1asndrvindudanas luTunase lsaidutdu 1.0%

[

%] [l A S 9 4 Y A 1" Aa = ~ wa a 4
AIDYNAIUAY (Ctr) ﬂaWaniﬂmaunm“lmm’mamaﬂu AT NN 4.3 LFAAITNUUADITINALNE S

Q

a v Aa

¢ v 2 ¥ A a s 9 a a 7 o A
GU'E')\W\IaT)iﬂa’)flu1'ﬂﬂmn®llﬁ°])’ll1/\llf]f]‘i (LﬁuWQG]ﬂiillﬂ1iLﬂﬂLWﬁ@L!ﬁﬂ\1ﬂ\iﬂWWﬂ V.2 Ehﬂl

MANUIN V.)
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v
Y A A Aaov

A wa a 1 J 9 5 a 4
T NN 4.3 ﬁll‘].lﬁﬂ']'ilﬂﬂl‘l/\lﬁﬁﬂlﬂ\‘]ﬂﬁ']’liﬂﬁ?ﬂl!']’ﬂ‘ﬂLﬂNﬂNﬁGBVlWL@fJﬁ

Sample Pasting Peak Breakdown Final Setback
temperature viscosity (cP) viscosity (cP) viscosity (cP) viscosity (cP)
O
be ab bc bed cd
Ctr 83.3+0.08 3310.0+£72.96 810.0+£37.24 4127.0+£118.07 1627.0+63.32
1DMG c cd a a a
83.3+0.03 3228.0+32.36 880.3+43.78 5690.0+£342.78 3342.3+354.04

2DMG ab a e d e
83.9+0.49 3321.3+16.17 676.3+53.14 3628.3+676.15 983.3+738.16
ADMG a be f cd de
84.2+0.09 3242.0+£32.51 590.7+17.50 3784.3+197.17 1133.0+180.63
1SPN abc d ab bc bc
83.8+0.45 3163.7+£58.05 817.3+£8.33 4213.3+70.22 1867.0+14.42
2SPN abc e cd b b
83.8+0.42 3011.3+27.61 747.7+40.82 4609.0+49.51 2345.3+77.02
4SPN a f de a a
84.2+0.05 2818.7+6.43 699.0+35.79 5505.3+80.31 3385.7+115.85

A I ' { ' { ¥
mugauilununge ﬁjutﬁfNL‘iJuﬁJ’W\ﬁﬁWusUﬂﬁﬂ'ﬁﬂﬂa@\‘] 3 9

(3 [ o o

1 = I o Aa 9
anndeluaauAReINURNENEIMNIUANAULANUUANANN U 1NN B ﬂJ(ps0.0S)

@

{ 1 a aou Aa J 1 o
ﬁ]Wﬂ@niN“ﬁ 43 W‘U'ﬂﬂTiLG]lJf]lla“]ihlv\lt’é)ﬂiflwa'ﬂﬁﬂﬂ Wod 31 (p<0.05) G]’E’)ﬁiJ‘UG]ﬂTiLﬂﬂ
o y . . . . . . Ay v
meadu19U52 A5 1AuN breakdown viscosity, peak viscosity A setback viscosity nHan la lu
MsAnEI N MsANE s I Wie o $1i 19 peak viscosity ana0e19NNd1AY (p<0.05) &4
@ { a v Aa J a a
ﬁ@ﬂﬂgﬂﬁﬂUiWﬂﬂu"U@\‘l Azizi and Rao (2005) ‘ﬁﬁﬂ]&ﬂWﬂ"UfoJﬂJﬁ%1W!®@§@®WQﬂﬂiiNﬂ1iLﬂﬂ
u SAq Y = ™ '
!Wﬁ@ﬂ]@\iﬁ@ﬁﬂﬂﬂ’)ﬁWﬁ ﬁ'@ﬂﬁGIfslﬂ?lIWﬂ uag ﬁ'@]"l'i“b’llul?j 59 9% ulV\lL@’f)iVli%’il!ﬂ”liﬁﬂB?ﬂ\‘]ﬂaTJ
v o . . . . .
1@un sodium stearoyl lactylate (SSL), diacetyl tartaric acid ester of mono- and diglycerides
(DATEM), glycerol monostearate (GMS) (18 distilled glycerol monostearate (DGMS) NUINI5LAY

o [} Yy o

e/ ]
0@ 10059117 peak viscosity anatodraiiiad i (p<0.05) Fedisorauesnunanin

g U

a v A L a 1Y an [ 4 . a
ﬂ’ﬂllZ‘Tulﬁﬂ‘U?JQ?JNacﬁhlw&ﬂﬂijuﬂﬁlﬂﬂﬂu@iﬂimﬂﬂﬁ@ni‘lﬂ "?);Qlﬂﬂﬁ]”lﬂﬂigi]"‘l]ﬂx‘]IﬂJLﬁf]ﬁLLﬁ%

ANMUUANANTLNINATUABAUFOUU- 1150V (hydrophile-lipophile balance, HLB)
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HANAIINY Jag SSL, DATEM, GMS uag DGMS #A1 HLB 101 10-12, 8-10, 3-4 uag 3-4
AuaINL

[

Y
FM5TVIUITBUNUIINTALY DMG 1ag SPN 4111% breakdown viscosity JiAanadod1el

Y] v

o é d' 9}491 1 a v . d' " aov a 4
HITIAY (p<0.05) FIHaN 1a1A1991NUIFBUDI Kim and Walker (1992) Aenundagvioss

1 IS)

% o 4
%9'lA1LA sucrose ester F-160 11ag polysorbate 60 NWNAAANIINAIAIVDINAATOU (hot paste

4 { a aol
consistency) VOIAMIFNANUING

[ 1 a

Y
M5 setback viscosity 91N9IUIDBUNVINATAN DMG 19UTU 2.0% 111%A1 setback
viscosity AAA9RENNNBTIRY (p<0.05) FIADAARDINVIIUITEUD Krog et al. (1989) FINUI
a A Y 9 ' [ a A o 4 A =\
N3N DMG NANUANTUFINI 1% a10130000031N1TNAT INTINTIATUVDITATY 1HBI91NT
A £ 1Y) Aan 1 a 1 < v a [N} ]
MINNYUVBIBUATNTBTLHIE DMG tazued lad 9814 lsnaunuinsan PN luanane
. . s 3y g X L. = a a
setback viscosity Y9aNa125na281191 NOUNUIY Ashwini et al. (2009) ANHINHANTTUNITLINA
'3 '3 ad a P '
magvesrlanivaanaylalasneaased 1atn gum arabic (AR), xanthan gum (XN), guar gum
1 ¥ A v A 4 v
(GR), carrageenan (CG) itag hydroxypropylmethylcellulose (HPMC) § yunudad liees laun
v 1 d
glycerol monostearte (GMS) 1182 sodium stearoy! lactylate (SSL) Tusnsiaiu'lalasneansvnne

v a voA

a a J 1w 1 Aa I % J o Y
E]llﬁ“]fbh\l!,ﬁ]ﬁ]i NNy 1:1 ‘W‘]J’NfﬂimmhlaiﬂiﬂﬂﬁﬁﬂElﬂi’JiJﬂ‘]J’OiJaG]fh]ﬁV\ILfJ’Oi SSL 1/]1114 setback

o w

. . daf 1 A o ds! v a J A a
viscosity guiiuedniitodidy lasiunusiiaveslalasnoances luvmzinsanlalas

g

S Y a v Aa 4 ° Y . . sy
APAAREAIINNLBIAT IWioas GMS 14 setback viscosity ¥A1AAAY

U Jd v )
4.4 guvinvedaveInaIsnawIn M

[

A wa g X o o J 9 2 yada aa A
A5 19N 4.4-4.7 uaasguan s duNavewvavoslanInaehMnmuane o un 0,

S o ! o w
3,7ua% 10 GU@Qﬂ1§!ﬂU§ﬂH']ﬂ 4 a\iﬁqlcﬁal@ﬂﬁ ATUAAY
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[

A wa 9 X o o J v ? yAa aa A S o A = A o Y a 4
A15 19N 4.4 U UL T UATUD 1A VDINa1ITNAUINNANANA & IUN 0 VOINMSINUTAYIN 4 IR IaIFad ‘nmuamhlﬂmﬂﬂﬁﬂm‘i’nﬂiwﬁ

g v U
gﬂgmmuaﬁ UWT (texture profile analysis, TPA)

Sample Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness
Ctr a a b be a b
3.67+0.27 -5.55+5.66 0.55+0.02 0.40+0.10 1.47+0.31 0.81+0.14
1SA e a c abc b c
0.70+ 0.04 -8.53+7.67 0.32+0.04 0.49+0.08 0.35+0.04 0.11£0.01
2SA e a c abc b c
0.43+ 0.07 -17.89+13.14 0.27+0.03 0.53+0.12 0.22+0.01 0.06+0.00
4SA e b c c b c
0.53+ 0.03 -51.12+12.32 0.31+0.06 0.32+0.15 0.17+0.07 0.05+0.01
1RBO d ab a a a a
1.81+0.13 -25.44+14.69 0.78+0.02 0.79+0.13 1.43+0.15 1.11+0.15
2RBO c a b ab a b
2.36+0.38 -2.7243.03 0.49+0.02 0.67+0.15 1.61+0.56 0.78+0.28
4RBO b ab b abc a b
2.76+0.28 -24.48+31.94 0.51+0.11 0.48+0.33 1.27+0.73 0.59+0.19

1 H 3 1 H 1 H g
mugauilununge = ﬁ?u&ﬁﬂ@lﬂuﬂ1ﬁiﬁ1uﬂlﬂﬁﬂ15‘ﬂﬂaﬂ\1 3 9

o o w 1 @

1 = Jd o Aa v A 1 o = o w
ARAS IUTANAAYINUNTONHINAUANNUTANULANANN HO N BEN 3] (p<0.05)
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[

A wa 9 X o o J v ? yAa aa A S o A = A o Y a 4
A1519% 4.5 U UL UATUUIaVDINa1ITNABIINNANANA & IUN 3 VOINMSINUTABIN 4 erIaIFad ‘nmuamhlﬂmﬂﬂﬁﬂm‘i’nﬂiwﬁ

g v U
gﬂgmmuaﬁ WA (texture profile analysis, TPA)

Sample Hardness Adhesiveness Springiness Cohesiveness " Gumminess Chewiness
Ctr be ab b ab b
3.88+0.08 -6.09+6.27 0.42+0.04 0.29+0.04 1.11+0.17 0.46+0.03
1SA d a c c c
1.47+0.19 -2.01+1.45 0.31+0.03 0.23+0.19 0.31+0.21 0.09+0.06
2SA d b c c c
0.99+0.04 -10.7749.19 0.30+0.01 0.17+0.02 0.17+0.02 0.05+0.00
4SA d ab c c c
1.17+0.18 -5.76%£3.11 0.28+0.30 0.31+0.06 0.36+0.12 0.10£0.04
IRBO ab a a a a
4.41+0.49 -1.50+1.26 0.50+0.06 0.32+0.08 1.43+0.49 0.70+0.20
2RBO a a a ab a
4.77+0.78 -1.49+1.34 0.55+0.02 0.25+0.03 1.19+0.22 0.65+0.10
4RBO c a a b b
3.57+0.17 -1.68+1.59 0.50+0.04 0.25+0.04 0.89+0.16 0.45+0.11

1 H 3 1 H 1 H g
mugauilununge = ﬁ?u&ﬁﬂ@lﬂuﬂ1ﬁiﬁ1uﬂlﬂﬁﬂ15‘ﬂﬂaﬂ\1 3 9

o o w 1 @

1 = Jd o Aa v A 1 o = o w
ARAS IUTANAAYINUNTONHINAUANNUTANULANANN HO N BEN 3] (p<0.05)

o o

ns ! d' = 1 [ A W
ﬂnﬂaﬂiuﬁﬂhfﬂﬂuﬂ’ﬂmmﬂ@]NE)EIN?JL!EJ?H 2] (p>0.05)
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[

A wa 9 X o o J v 2 yAda aa A S o A = A o Y a 4
A15 19N 4.6 FUUAN UL TUATUUaVDINA1ITNAUINNANANA & IUN 7 VOINMSINUTABIN 4 A IaIFad ‘nmuamhlﬂmﬂﬂﬁﬂm‘i’nﬂiwﬁ

g v U
gﬂgmmuaﬁ WA (texture profile analysis, TPA)

Sample Hardness Adhesiveness Springiness " Cohesiveness Gumminess Chewiness
Ctr a a ab a a
5.52+0.25 -1.93+1.57 0.43£0.10 0.51+0.29 2.80+1.57 1.14+0.49
1SA d ab b b b
1.61+0.21 -4.81+3.86 0.31+0.04 0.21+0.11 0.33+0.20 0.10+0.06
2SA de b b b b
1.37+0.27 -7.74+4.47 0.39+0.07 0.20+0.01 0.27+0.07 0.11+0.04
4SA e ab b b b
1.08+0.19 -4.82+1.75 0.35+0.04 0.18+0.02 0.20+0.04 0.07+0.01
1RBO be a a a a
4.62+0.35 -2.88+1.00 0.38+0.09 0.57+0.15 2.61+0.55 0.97+0.02
2RBO b a a a a
4.77+0.07 -1.65+1.04 0.37+0.15 0.64+0.30 3.05+1.41 0.97+0.21
4RBO c a ab a a
4.23+0.07 -2.30+0.17 0.39+£0.05 0.48+0.12 2.03+0.53 0.78+0.10

1 H 3 1 H 1 H g
mugauilununge = ﬁ?u&ﬁﬂ@lﬂuﬂ1ﬁiﬁ1uﬂlﬂﬁﬂ15‘ﬂﬂaﬂ\1 3 9

[ o w 1

! = Jd o Aa v A 1 o =
mmaﬂcluﬁﬂumﬂmﬂumaﬂmmﬂmmﬂunmmuﬁﬂmmuammu

@

geARY (p<0.05)

o o

ns ! d' = 1 [ A W
ﬂnﬂaﬂiuﬁﬂhfﬂﬂuﬂ’ﬂmmﬂ@]NE)EIN?JL!EJ?H 2] (p>0.05)
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2y o A

A wa 9 X o o J Y ° A a aa S o A = A o 9 a J
A5 19N 4.7 guUaM Ul dUNaYD UaUeIWa1ITNAGUINNANANA B TUN 10 VOINMSINUTAYIN 4 DerIaIFad ﬂﬂWu'Jﬂ!hlﬂ%WﬂﬂﬁWV‘lﬂTi'Jlﬂi'lgﬂ

g v U
gﬂgmmuaﬁ WA (texture profile analysis, TPA)

Sample Hardness Adhesiveness " Springiness " Cohesiveness Gumminess Chewiness
Ctr a ab a a
5.79+£0.17 -1.73£1.92 0.40+0.02 0.57+0.08 3.31+0.53 1.31+0.14
1SA c d b c
1.48+0.25 -1.12+0.92 0.34+0.05 0.11+0.05 0.17+0.11 0.06+0.05
2SA c cd b c
1.57+0.27 -1.84+1.37 0.34+0.02 0.24+0.04 0.37+0.05 0.13£0.01
4SA c be b c
1.32+0.17 -8.45+10.97 0.37+0.08 0.37+0.08 0.49+0.06 0.19+0.06
1RBO b abc a b
4.73+0.43 -1.47+0.42 0.43+0.08 0.48+0.16 2.29+0.83 0.95+0.23
2RBO b ab a ab
4.82+0.70 -3.34+1.31 0.41+0.09 0.56+0.19 2.62+0.64 1.04+0.08
4RBO b a a ab
4.44+0.18 -0.96+0.52 0.37+0.02 0.66+0.20 2.96+0.96 1.09+0.29

1 H 3 1 H 1 H g
mugauilununge = ﬁ?u&ﬁﬂ@lﬂuﬂ1ﬁiﬁ1uﬂlﬂﬁﬂ15‘ﬂﬂaﬂ\1 3 9

o o w 1 @

1 = Jd o Aa v A 1 o = o w
ARAS IUTANAAYINUNTONHINAUANNUTANULANANN HO N BEN 3] (p<0.05)

o o

ns ! d' = 1 [ A W
ﬂnﬂaﬂiuﬁﬂhfﬂﬂuﬂ’ﬂmmﬂ@]NE)EIN?JL!EJ?H 2] (p>0.05)



29

a 4 dy v o q [ a 4 dy Y ~ ~ A A
msaanzHsluuiedudmilumsiamnlwesvouilodudaesilasunlac liiied
) d‘ A o g Qy g’/
1591N329 TAIN30310QNERNLULTIA0INININNITIAGIFUDINIT IAsHUNTIY 2 ATI LAZTINITD
o a J Y g [ [} 1 a 4 g [ % Y 1 A
Muumnlwesmieduida1s 1nnsmsinnzigluuuiiodude TAun hardness Ao
A a ' ¥ . A =2 a A g U 1
GIGANIAAVUIZNINNTNAATININ adhesiveness ADNITIAAANTDUITIN IFIUNITOIFULLITITEHIN
ﬁummmmammuwummmmﬂ springiness Sumfvenseanuamnsalumsaudiedanaans

a

Y . 2 % &’ . v
Lﬁﬂiﬂﬁnﬂmiﬂﬂﬂiﬂuiﬂ cohesiveness Aonasudanznuneluilie1nis gumminess ﬁawawmﬁ

Y

Y v - ' 1 v
aoaldlumsvaneremsnudaldegluanimindonsznan’la uaz chewiness arnadansan ol

mIuameIunIznudesl (Fyannsal A31EA, 2550)

=]

v
Eﬂ'lﬂ\‘]"ll!’)ﬂEJﬁW‘UﬂﬂTiLG]iJﬁWﬂiJNa“I/iﬂﬁ‘j hardness aﬂﬁ\i@fﬂﬂﬁ Wad 3] (p<0.05) G])’\iﬁ’f)ﬂﬂaﬂﬂ
(% aov 1 9 dy A a s 9 = Y a 4 ]
NUIUIVYND UK HIUUDY Yu et al. (2018) N"NAADUNY SA E"Iﬂuﬁﬁﬁ%ﬂlnﬁ1a HAaUAIISHAINULUU
L‘LlE]ﬂJENH]a (gel firmness) WU vada AL SA mmmmuuumaaﬂmamq Nad Ay (p<0.05)
A Ao ) A A Yy Y ¥ Y 9 J
uaﬂmﬂuclmmmmm D’Silva et al. (2011) QY SA LUNUIU 0.25% Tﬂﬂumummwmﬁmiﬂu

e/ o (3

&
ﬁmwmﬂwmza ﬁ@?i%!ﬁﬂw (teff) ‘IN°1J’Nﬂ’JﬁJLLuuL‘HﬂﬂJﬂQﬁ]ﬁﬁ@Ti%ﬁﬂﬁﬂ’t’)fﬂ\i UYTAY (p<0.01)

v [

[] < [ a aa 1 [ 1 1 o
a9 lsnaununmsianana liulinanen adhesiveness 1ag cohesiveness 88133178 o (p>0.05)

' v A 3 o a o . !

Tu@u springiness WU & TUH 0 1Az 3 VoIMINUSAIE NM5LAN SA 1114 springiness A1
anaseduiifed iy (p<0.05) od1elsfaw nananindreiidy sa MiAunu 13unar 7uaz 10
1 11 springiness 1UANA199INAI0E1NAIVAN (p>0.05) HOANINENYI gumminess 1A% chewiness

TAumuauedaiisdha Y (p<0.05) o lugethanaiiy SA

~ wa Y cg v @ Jd Y ¥ Y A a a
AN 4.8-4.11 uaaauUan Uil duFgYewaveIlasnaIsIMNeudNa % ]l‘V\ll’Elﬁ)i U

@ $ < o 4 o w
N 0, 3, 7 1A 10 VOINISINUTNEIN 4 DA IFed AUa19U


https://www.sciencedirect.com/science/article/pii/S0733521011000051#!
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9 @

~ wa 9 zg v W s 9 g A Aa a a 4 v A IS o ~ = A o 9
M13°19N 4.8 ﬁiJ‘iJ@]ﬂ']u!,ufJﬁiJNﬁ"‘llf)QLTIa“UfNWﬁ'l'Jiﬂﬁ'JfJUTJ'WILﬂﬂJfJﬁJaGBVlWLfJﬂi W IUN 0 VBINITINUINYIN 4 DIA UL LT ﬂﬂ?i!’)ﬂ!hlﬂfﬂﬂﬂiﬁ’\lﬂ1ﬁ

a j} U CY
AT wﬁg Uiuulio dUAHE (texture profile analysis, TPA)

Sample Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness

Ctr a a ab b a a
3.67+0.27 -5.55+5.66 0.55+0.02 0.40+0.10 1.47+0.31 0.81+0.14

1DMG be a cd b be b
1.37+0.21 -5.54+1.86 0.33+0.17 0.55+0.29 0.72+0.28 0.25+0.16

be a abc b c b
2DMG 1.310.15 -4.05+1.21 0.46+0.07 0.3120.06 0.4120.10 0.18+0.03

4ADMG c b a b c b
1.09+0.08 -37.40+2.28 0.61+0.01 0.32+0.20 0.35+0.03 0.21+0.02

1SPN b a bed b be b
1.51+0.01 -1.38+0.84 0.42+0.05 0.36+0.13 0.54+0.20 0.22+0.05

2SPN b a cd ab b b
1.43+0.09 -1.93+0.60 0.38+0.00 0.60+0.17 0.88+0.31 0.33£0.11

4SPN d a d a be b
0.77+0.12 -4.36+5.04 0.27+0.11 0.84+0.13 0.63+0.06 0.17+0.06

1 H 3 1 H 1 H g
mugauilununge = ﬁ?u&ﬁﬂ@lﬂuﬂ1ﬁiﬁ1uﬂlﬂﬁﬂ15‘ﬂﬂaﬂ\1 3 9

o o w 1 @

1 = Jd o Aa v A 1 o = o w
ARAS IUTANAAYINUNTONHINAUANNUTANULANANN HO N BEN 3] (p<0.05)
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9 @

~ wa 9 zg v W s 9 g A Aa a a 4 v A IS o ~ = A o 9
131N 4.9 ﬁiJ‘iJ@]ﬂ']u!,ufJﬁiJNﬁ"‘llf)QLTIa“UfNWﬁ'l'Jiﬂﬁ'JfJUTJ'WILﬂﬂJfJﬁJaGBVlWLfJﬂi W IUN 3 VBINITINUINYIN 4 DIA UL LT ﬂﬂ?i!’)ﬂ!hlﬂfﬂﬂﬂiﬁ’\lﬂ1ﬁ

a j} U CY
amswﬁgﬂgmmuaﬁu W (texture profile analysis, TPA)

Sample Hardness Adhesiveness " Springiness Cohesiveness " Gumminess Chewiness
Ctr a be ab b
3.88+0.08 -6.09+6.27 0.42+0.04 0.29+0.04 1.11+0.17 0.46+0.03
1DMG a a a a
3.69+0.15 -16.17+17.21 0.49+0.04 0.35+0.04 1.29+0.21 0.64+0.10
2DMG b ab be be
2.52+0.11 -10.62+0.98 0.45+0.05 0.30+0.09 0.75+0.23 0.33+0.06
C C C C
4DMG 1.720.19 2.1242.32 0.36+0.04 0.2720.13 0.45+0.21 0.16+0.06
1SPN b be c c
2.59+0.49 -0.63+0.70 0.40+0.02 0.2240.12 0.60+0.38 0.25+0.16
2SPN b be c c
2.17+0.31 -1.53+0.33 0.40+0.05 0.19+0.04 0.42+0.14 0.17+0.06
4SPN c be c c
1.70+0.13 -7.2449.93 0.40+0.03 0.29+0.15 0.49+0.21 0.20+0.11

1 H 3 1 H 1 H g
mugauilununge = ﬁ?u&ﬁﬂ@lﬂuﬂ1ﬁiﬁ1uﬂlﬂﬁﬂ15‘ﬂﬂaﬂ\1 3 9

[ o w 1

! = Jd o Aa v A 1 o =
mmaﬂcluﬁﬂumﬂmﬂumaﬂmmﬂmmﬂunmmuﬁﬂmmuammu

@

geARY (p<0.05)

o o

ns ! d' = 1 [ A W
ﬂnﬂaﬂiuﬁﬂhfﬂﬂuﬂ’ﬂmmﬂ@]NE)EIN?JL!EJ?H 2] (p>0.05)
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a9 v o o

A dy J 9 g Y A a a a 4 v A 3 o A =) A o 9
AT NN 4.10 ﬁuusﬂmumammﬁmmLfﬂaeumﬂmaiﬂmﬂunmmueuamwmm W IUN 7 VDINITLINUINYIN 4 DIAUBALTYT ﬂﬂ’lu']ﬂ!hlﬂﬂ'lﬂﬂ§1“l’\|ﬂ1ﬁ

a j} U CY
amswﬁgﬂuumuaﬁw (texture profile analysis, TPA)

Sample Hardness Adhesiveness " Springiness Cohesiveness Gumminess Chewiness
Ctr a a ab a a
5.5240.25 -1.93+1.57 0.43+0.10 0.51+0.29 2.80+1.57 1.14+0.49
1DMG be a b bed be
2.90+0.16 -1.69+0.27 0.45+0.07 0.29+0.12 0.82+0.30 0.35+0.09
2DMG cd abc b cd be
2.31+0.41 -1.73%0.68 0.38+0.06 0.29+0.07 0.66+0.23 0.24+0.06
4ADMG de ab b d be
2.09+0.11 -3.17£1.15 0.42+0.04 0.26+0.05 0.55+0.14 0.23+0.04
1SPN b be a ab b
3.07+0.53 -1.86+0.47 0.31+0.09 0.67+0.23 1.96+0.37 0.58+0.09
2SPN bed c a abc be
2.65+0.35 -1.73+1.13 0.26+0.02 0.67+0.14 1.76+0.30 0.46+0.05
4SPN e abc b d c
1.53+0.30 -2.07£1.76 0.33+0.04 0.25+0.90 0.39+0.16 0.13+0.04

1 H 3 1 H 1 H g
mugauilununge = ﬁ?u&ﬁﬂ@lﬂuﬂ1ﬁiﬁ1uﬂlﬂﬁﬂ15‘ﬂﬂaﬂ\1 3 9

[ o w 1

! = Jd o Aa v A 1 o =
mmaﬂcluﬁﬂumﬂmﬂumaﬂmmﬂmmﬂunmmuﬁﬂmmuammu

@

geARY (p<0.05)

o o

ns ! d' = 1 [ A W
ﬂnﬂaﬂiuﬁﬂhfﬂﬂuﬂ’ﬂmmﬂ@]NE)EIN?JL!EJ?H 2] (p>0.05)
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Y @

~ wa Y dy Y ) %‘ AAa a a 4 v A IS o A = A o 9
MINN4.11 ﬁummumaﬁuwamamammﬂaniﬂaaﬂunmmuauam”lﬂmai W IUN 10 YDINITINUVINYIN 4 DIA UL ALK YT ﬂﬂ?i!’)ﬂ!hlﬂfﬂﬂﬂiﬁ’\lﬂ1ﬁ

a j} U CY
amswﬁgﬂgmmuaﬁu WH (texture profile analysis, TPA)

Sample Hardness Adhesiveness " Springiness Cohesiveness Gumminess Chewiness
Ctr a be a a a
5.79+£0.17 -1.73£1.92 0.40+0.02 0.57+0.08 3.31+0.53 1.31+0.14
1DMG cd ab b cd cd
2.71+0.26 -1.08+0.26 0.44+0.06 0.17+0.05 0.45+0.11 0.20+0.07
cd abc b bed a
2DMG 2.76+0.23 -1.39+1.18 0.41-0.06 0.27+0.14 0.72+0.31 1.15+0.24
4ADMG de be b bed d
2.25+0.11 -1.63+1.19 0.40+0.02 0.24+0.08 0.55+0.17 0.14+0.09
1SPN b a b b b
3.33+0.57 -0.86+0.39 0.47+0.02 0.31+0.05 1.02+0.00 0.48+0.02
2SPN be abc b be be
2.92+0.26 -0.73+0.94 0.41+0.02 0.32+0.11 0.95+0.39 0.38+0.14
4SPN e c b d d
1.76+0.16 -1.20+0.23 0.37+0.03 0.21+0.04 0.37+0.10 0.14+0.05

1 H 3 1 H 1 H g
mugauilununge = ﬁ?u&ﬁﬂ@lﬂuﬂ1ﬁiﬁ1uﬂlﬂﬁﬂ15‘ﬂﬂaﬂ\1 3 9

o o w 1 @

1 = Jd o Aa v A 1 o = o w
ARAS IUTANAAYINUNTONHINAUANNUTANULANANN HO N BEN 3] (p<0.05)

o o

ns ! d' = 1 [ A W
ﬂnﬂaﬂiuﬁﬂhfﬂﬂuﬂ’ﬂmmﬂ@]NE)EIN?JL!EJ?H 2] (p>0.05)
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3 Y Y o

HANTIATIZH] duieduiavesanindreh hiidusias lresd wuhas@usias
Tvlieestinandraliiod1fny (p<0.05) dowTiimeFd e duiau1alszas 1dun hardness,
springiness, gumminess 8% chewiness TagWUI hardness UA1aAadog19liod 1wﬂul (p<0.05) ‘ﬁN
ADANSEINUTI0911UBA Gujral (2003) HIRNBINAVD sodium lauryl sulfate (SLS) Aoiito duravoasn

a v A

Tagnunmaaudiad 1Wieo$v1 19 hardness Yo UANaAa @193

Y o [

ya o

Uy (p<0.05) qj'J’i]fJ@‘ﬁU"lfJ'N“V]

I ] dy A a v A 4 a o an o J Y I
LTJI!L“Iﬁ/!utuf’]\‘ﬁ]Tﬂ'E)llf‘]%’]’l‘w&ﬂ@iﬁ"llﬂiﬂLﬂﬂ’f]Ll@liﬂifl"lﬂiJIillaf]a"ll’f]\iﬁ@]”li%llﬂl,ﬂua”liﬂigﬂ'f)iJ
A ov A IR as R A [ o Y
Hf\i“])”f]u‘i/llﬁﬂﬂ‘i ﬂWiL@iJ’f]iJﬁ“1)'11/\“@@ii]\‘iL‘]J’L!'J‘ﬁ’l"i’LN‘V]"]f')fliﬂ‘]eﬂf;lﬂ‘lﬂ'lwsll@\‘1?]114']5:1;'111?(@]']56]5[1@
dy Av o 1 [ 1 A aovu Aa S 1 [ . . Y
1!@ﬂﬁﬂﬂuclu\‘]"lu'mﬂﬂ\iﬂa'I'JfNW‘]J'JTﬂWﬂGHJﬂiJa“ﬁulV\IL@ﬂﬁfNG]f’JEJaﬂﬂ'] gumminess 0% chewiness hlﬂ

PNy IAY (p<0.05)

Y @

1 A 4 %’ {a ana {
A15199 4.12-4.15 uaaganiiaaudvewravearla1dsndreri n@uana a Sui 0,3, 7 uag
<3 o ~ =\ o o = ?1‘/
10 ¥94MSNUTNYIN 4 DA sadea auaay lagdadlugl L% «* b* Tuszun CIELAB 9101

o =) Y A [ = [ = A
ATUIUY N (H°) aNUAINE (C* AUV (WD) LazasUANUYaeN (YD)



Y o A

A = s Y H AAa aa S o A =
A15197 4.12 FY919av09Na15NAeUINNAVANA 2 IUN 0 VBINMSINUTIEIN 4 a3rialsed

Sample L* a* b* H° C* WI YI
Ctr e d b a e a b
53.13+0.18 2.69+0.14 6.83+0.19 1.196+0.01 7.338+0.22 89.964+0.17 18.357+0.56
1SA de b d d c c c
53.87+0.42 6.56+0.08 5.49+0.12 0.697+0.01 8.554+0.14 89.078+0.12 14.566+0.39
2SA b a d d b d c
56.74+0.40 7.07+£0.03 5.79+0.15 0.686+0.01 9.141+0.10 88.739+0.06 14.569+0.27
4SA a a c d a d c
59.38+0.57 7.28+0.07 6.27+0.06 0.710+0.01 9.610+0.03 88.470+0.04 15.082+0.10
1RBO cd c b c d ab b
54.35+0.34 3.4440.07 7.02+0.08 1.115+0.01 7.818+0.05 89.667+0.03 18.452+0.11
2RBO cd c a b cd c a
54.65+0.66 3.544+0.16 7.48+0.33 1.148+0.03 8.170+0.54 89.333+0.31 19.551+1.09
4RBO c c a b cd bc a
55.224+0.78 3.35+0.21 7.57£0.28 1.156+0.01 8.279+0.34 89.357+0.28 19.585+0.90

1 4 I [ 4 1 Y g
mﬁuﬁmmumm?}a + mmﬁmmummgmﬂlmm‘i‘vmam 3 91

[ [ o w 1 A o o

! = I Aa v A J [ 1 Y
mmaaiuﬁ@mmm UNUDNHININUANWNUNANUUANA NN UDYINNUYT illu(pS0.0S)



Y o A

A = s Y H AAa aa S o A =
A15197 4.13 FU919av0INa15NAeUINNAVANA 2 IUN 3 VBINMSINUTIEIN 4 a9rialsed

36

Sample L* a* b* H° Cc* WI YI
Ctr d d abc a e a ab
54.70+0.86 2.76+£0.28 6.31+0.32 1.158+0.02 6.893+0.40 90.365+0.33 16.495+1.08
1SA cd b d e c c d
55.22+0.37 6.96+0.07 5.50+0.10 0.669+0.01 8.876+0.04 88.886+0.05 14.238+0.29
2SA b a c e b d cd
57.64+0.42 7.36+0.08 6.03+0.22 0.686+0.02 9.519+0.14 88.469+0.10 14.940+0.44
4SA a a ab d a d bc
59.95+0.04 7.60+0.13 6.66+0.19 0.719+0.01 10.105+£0.22 88.081+0.18 15.860+0.47
1RBO cd c be [¢ de ab abc
55.40+0.18 3.52+0.12 6.29+0.14 1.060+0.01 7.208+0.16 90.174+0.13 16.213+0.39
2RBO c c bc c de ab abc
55.77+0.27 3.48+0.07 6.28+0.23 1.065+0.01 7.179+0.23 90.215+0.18 16.077+0.66
4RBO cd c a b d b a
55.56+0.68 3.50+0.22 6.76+0.42 1.093+0.01 7.616+0.47 89.877+0.38 17.395+1.24

1 4 I [ 4 1 Y g
mﬁuﬁmmumm?}a + mmﬁmmummgmﬂlmm‘i‘vmam 3 91

[ [ o w 1 A o o
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2RBO c c a b d a b
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56.92+0.64 7.67+0.17 3.03+0.03 0.376+0.01 8.255+0.15 89.455+0.14 7.616+0.09
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Sample L* a* b* H° Cc* WI YI
Ctr d f a a b b a
53.13+£0.18 2.69+0.14 6.83+0.19 1.196+0.01 7.338+0.22 89.964+0.17 18.357+0.56
1DMG bc e be be c a b
54.66+1.40 4.37+0.03 4.754+0.08 0.827+0.01 6.458+0.05 90.672+0.06 12.419+0.29
2DMG b d ¢ c c a b
55.40+0.52 4.55+0.07 4.52+0.27 0.781+0.04 6.414+0.14 90.743+0.07 11.640+0.59
ADMG a e b b c a b
57.26+0.50 4.294+0.09 5.01+0.30 0.860+0.04 6.605+0.19 90.709+0.12 12.493+0.69
1SPN d ¢ e e b b d
52.81+0.51 7.07+0.07 1.99+0.25 0.273+0.03 7.357+0.13 89.939+0.12 5.395+0.71
2SPN cd b de de b b cd
53.42+0.78 7.28+0.17 2.244+0.30 0.312+0.03 7.622+0.25 89.770+0.18 5.999+0.77
4SPN b a d d a c c
55.76+0.72 7.65+0.04 2.58+0.18 0.325+0.02 8.074+0.07 89.540+0.03 6.613+0.37
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Sample L* a* b* H° Cc* WI YI
Ctr bc d a a b c a
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1DMG a ¢ [¢ d d a d
58.06+0.87 4.23+0.07 4.07+0.13 0.764+0.01 5.881+0.12 91.257+0.05 10.015+0.17
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58.14+1.04 4.44+0.06 4.65+0.19 0.808+0.02 6.436+0.12 90.878+0.08 11.433+0.36
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57.77+0.27 4.734+0.28 6.02+0.30 0.905+0.01 7.657+0.41 89.956+0.31 14.885+0.70
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53.99+0.12 7.454+0.05 1.30+0.11 0.172+0.02 7.565+0.03 89.841+0.02 3.434+0.30
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55.22+0.41 7.48+0.29 2.11+£0.24 0.275+0.02 7.784+0.32 89.743+0.25 5.472+0.64
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57.41+0.43 7.34+0.05 1.98+0.11 0.263+0.01 7.606+0.05 89.980+0.04 4.924+0.23
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Sample L* a* b* H° Cc* WI YI
Ctr c e a a c b a
54.26+0.31 2.88+0.09 6.75+0.55 1.165+0.02 7.345+0.54 90.012+0.38 17.773+1.34
1DMG b d d [ d a e
56.26+1.66 4.80+0.11 4.73+0.29 0.737+0.04 6.494+0.15 90.731+0.04 11.080+0.42
2DMG b d cd b d a cde
57.36+0.32 4.82+0.10 4.81+0.05 0.785+0.01 6.810+£0.07 90.566+0.07 11.983+0.15
ADMG a d cd b d a de
59.06+0.72 4.76+0.06 4.83+0.09 0.793+0.01 6.780+0.10 90.679+0.04 11.680+0.16
1SPN c ¢ cd d b c bed
53.504+0.30 6.77+0.06 4.81+0.17 0.617+0.01 8.308+0.15 89.253+0.13 12.839+0.52
2SPN c b c d b c bc
54.47+0.55 6.94+0.06 4.99+0.15 0.623+0.02 8.554+0.04 89.105+0.06 13.096+0.52
4SPN b a b d a d b
57.09+0.72 7.35+0.05 5.61£0.28 0.652+0.02 9.247+0.21 88.669+0.19 14.049+0.80
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Sample L* a* b* H° Cc* WI YI
Ctr cd d a a d b a
54.54+0.41 2.99+0.15 6.59+0.22 1.146+0.01 7.243+0.25 90.104+0.20 17.278+0.71
1DMG abc c d b e a d
55.68+1.12 4.90+0.25 4.63+0.07 0.758+0.02 6.743+0.22 90.525+0.15 11.890+0.16
2DMG ab c d b e a d
56.89+1.35 4.88+0.09 4.59+0.20 0.753+0.02 6.708+0.16 90.618+0.19 11.545+0.77
ADMG a c d b e a d
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4SPN a a b c a e b
57.01+0.52 7.26+0.06 5.67£0.13 0.662+0.01 9.221+0.11 88.690+0.07 14.209+0.32
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