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GRAPHICAL ABSTRACT ABSTRACT

The objective of

Hardness Springiness

Aw
: o this research was to study the
1o I I I effect of yoghurt and glucose

syrup on the physical and

restmen

sensory properties of low-sugar

A 12s Cohesiveness Gumminess

gummy jelly. Two types of

w00
o0

A % . A 5
1 2 3 . s 6

vestment

Tt yoghurt were investigated:
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commercial yoghurt A and a

. mixture of commercial yoghurt
A and commercial drinking
yoghurt B (AB mix), in
combination with three levels of glucose syrup. The results showed that the combined effect of the main factors significantly influenced
the pH, cohesiveness, and color values (L*, a*, and b*) of the yoghurt gummy jelly (p<0.05). The use of the yoghurt AB mix in combination
with increasing levels of glucose syrup resulted in decreases in pH, cohesiveness, and L* value (p<0.05), while the a* and b* values
increased (p<0.05). When considering the individual effects of the main factors, the type of yoghurt affected hardness and gumminess,
whereas the amount of glucose syrup affected hardness and springiness (p<0.05). The use of the yoghurt AB mix resulted in increases in
both hardness and gumminess values (p<0.05). Increasing the concentration of glucose syrup led to increases in hardness and springiness
(p<0.05). Sensory evaluation revealed that yoghurt gummy jelly prepared using the yoghurt AB mix and glucose syrup at 15% and 17.5%
received the highest scores for flavor, taste, texture, and overall liking (p<0.05). This research is the first to report the use of at least 50%

yogurt in the production of low-sugar gummy jelly.
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2. gUnsaluazIsns

2.1 Inghv

ngalaa@sy (DE = 38) A11AUUY NIAIIAN
LaYNsALENAN FeanuIh wilinet Aededist
F1in (Uszinalne) toulednsiudngaidiua
(Activity 100 U/g) (MTGase, E.C. 2.3.2.13, ACTIVA®)

Tasuanusem on8lurlugldy (Uszdlne) 31nn
thmansie (@513u U Inegades nesUaisdu
179, Useinalng) Wa1RuNg (RSIMUANISISARA
UM 10e15 1ovl weun U 911n, Useinelne) way
wladmlne (as1Aues UsEm glidnes, Usundlne)
TotAsananiseatn A 1Usiu 5.30% Lo 0%
thananse 1.5% pH 4.36 Uinawewdeiiavane
il 16.8 “Brix) TeAdandoudumanisrvln B
(st 1.64% sy 0% theanansie 18% pH 3.67
USunamesudafiazanerild 20.7 “Brix) 48910
Frumvanludwminuyusll uazleiisa AB mix
(lsiu 3.99% lusfu 0% pH 4.23 uazUSanamasuds
favanethld 17.0 °Brix) téarnnisuauleise
yansnaiia A uaz Toddandoudunianisedn
B auanslute 2.2

2.2 N5TUAUMSHARNUTLEaRLaLAsA
dunaulvlunsnaniuilieadlensnland
lane Table 1 nszulunNIsHARNUTlwaAlaLASH

Table 1 Ingredient composition of gummy jelly yoghurt
Ingredient Weight (g)
Treatment 1 2 3 4 5 6

Yoghurt A 50 50 50 50 50 50
Yoghurt B - - 10 10 10
Sucrose 15 15 15 15 15 15
Glucose syrup 12.5 15 17.5 12.5 15 17.5
Transglutaminase (MTGase) 0.2 0.2 0.2 0.2 0.2 0.2
Gelling agent * 6.5 6.5 6.5 6.5 6.5 6.5
Acidity regulator 0.7 0.7 0.7 0.7 0.7 0.7
Water 15.1 12.6 10.1 5.1 2.6 0.1

® Mixture of gelatin and carrageenan at the ratio of 12:1

® Mixture of malic acid and lactic acid at the ratio of 5:2
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Buanlieudoutulaisauazinaulfonmgd
60 perwaiTea iianiinna WatAu A9ITuuy
wulminsndngadiiua (MTGase) wagnglaadiy
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dwaduhlruidundadnlng @iiunisoud
oaumdl 70 ssrnwaidea unan 24 $2lue wazseu
rumzunssnouiaginneudnadsiigumgli 80
DIFwaEd uilA1 Water activity Useaned 0.1)
Tngneaduaaniuudednlnalidniu walil%
wtdrlnanquisadifunat 24 Falus 91ndu
Iautlsoonlifuiuiivadlofisn
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hlufndeiniesin Water activity (§u CX2 U3
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wimanAuthndulusnsdueadsetwiniy 1:9
Mt lududeaiestunay Wunan 15 3undl
dmvesnariildluinaranudunsa-g (pH)
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2.6 Adnwaiiloduia

Sndnuarmaileduia (Texture profile
analysis, TPA) apafuiiwadloiisnieindos
Texture analyzer (U TA-XT2 U3 Stable Micro
System Uszwmadange) lagldain Cylindrical
Probe (P/50) Muualyi Pre-test speed iU 1.0
mm/sec, Test-speed WiAU 5.0 mm/sec, NMUUA
Strain AU 50% waz Trigger force WAy 10 ¢

$7897UA1 Hardness, Springiness, Cohesiveness

kae Gumminess

2.7 MINAaBUNIUsTaNAUNE
Ipsginiseensumslssamduna lngly
Q’wmaauﬁhjﬁimmiﬂﬂwu (Untrained panelists)
$1uau 50 AU Uszdu 4 viawudvestuiiead
Imﬁ%mﬁgﬂﬁmLﬁaﬂmﬂwamﬁmaaumqmamw
(@lrdnvarideduialndifosiuiuiivadnianisi
Tnefuillodsamamsdniléivsmarnaglasa
warnglaadiusiuduiesay 89.5 uazlaaiiu
Joway 8) n1susziliulgmuweu 9-Point hedonic
scale MasudnwuzlsIng & ndusa savnd
\oduia wazainuwoulagsIy N1sNadey
msdszamdudailifuniseydalasanisain
ANENITUNITAS855UNTI8luAY UIneae
535UAENS @191 INeEEnS (COA No. 023/2568)

2.8 N13INURUNTTMAABILAENITIATIZNYOYE
NI9EDA

FMLNUNITNAADILUY 2x3 Factorial in
completely randomized design (¥lnv84
ToiAsaxUsumveanglaadiv) naass 3 91
mMmadeunsUszamdudaldnsnuunnans
wuuvdenduauysal (Randomized complete
block design) FAT1zMAUKUTUTINVRIURYA
Taeld Analysis of variance (ANOVA) uag
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\Wisuiflsuaaisauunnd1adaels Duncan’s
new multiple range test #3® T-test fisziy
Amidiesiu 95% (p<0.05) Tagldlusunsudnsagy
SPSS version 29

3. NAN15I8kazINT

3.1 fin Water activity (a )

M a, vesiuiheadleisneglutas 0.708
fla 0.712 (Table 2) La¥aINNNTIATILANIGEADRA
(Table 3) wu Bvswasmvestadendn wagdvswa
Weaveadadendn fe wiavedeiisauwazsuia
nglaadsy Liflnadedt a veatuiliwadlowisn
(p>0.05) a’mL‘f‘immﬂﬁ’uﬁLaaﬁimﬁ%mﬁgmmz
sonnuifinldduaiuutladninneuludunou
msvuiaead Wuna 24 $alus Faudetlnaeu
flf1 a Wity 0.111 vinlvhidaszvesfuiioad
wasuiineglundsdnlnald Fsaziiuldin
wilstnlnmeundsanagniuisadidunm 24 92l
fieh a_ sty Aveglutng 0.571-0.596 (laluand
foya) meviuiadudunouiidrdyuesnisudn
fuflwad vliletueaanidnvas i limiden

fnile anUSunahdasy wasildulunsimun
AuLdstazAuduniervesndnduan [15]
wadlolSoufiuiuiuiiwadmly nuiduilesd
Toiisauasiuiioaasien aWsLﬂa”Lﬁ&Nﬁ’u [15, 16, 17]
Aaudinfuiadlodsaidunauiiunnmanndud
wadhlufny waidesanduiiwadlofisaluau
Feoiitinsludadinlnnevurtioinidasyeon
MRS saaiUnalusiuiiuduannis
BalenAdn Ssannsaduindasvussiuiiadlonisn
I¥nTu Feorafisuwinfunisanusinaniidass
Tnsnshuisielasnisldinauasnglaadsy
USunasnnaestufiwadrily

3.2 Anaudunsanng (pH)

M pH vestuilwadleiisnoglutag 3.80-
4.04 (Table 2) Laza1NNITIATIZANEDRA (Table
3) wui1 Hnsnasauvesedendnisaeiinase
A1 pH vestufieadleiisn (p=0.022) lneileld
ToiAsavila A uaznglaa@su 12.5% vilvituiiead
A1 pH qﬂﬁqﬂ (p<0.05) uaziolleisnviin AB
mix wanglaadsy 17.5% viilvituilioadiien pH e
fian (p<0.05)

Table 2 Water activity (a ) and pH of yoghurt gummy jelly

Yoghurt Glucose syrup (%) a” pH
A 12.5 0.712 + 0.004 4.036" + 0.032
15 0.710 + 0.005 4.006° + 0.011
175 0.710 + 0.004 3.959° + 0.019
AB mix 12.5 0.711 + 0.005 3.964° + 0.031
15 0.711 + 0.008 3.894° + 0.035
17.5 0.708 + 0.010 3.842° + 0.018

"™ indicates nonsignificance (p>0.05)

Means with different superscript letters (a-e) within the same column are significantly different at p<0.05
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Table 3 Factorial ANOVA summary table showing the main effects and their interaction effects of

water activity, pH and color values

Sources of Variation a pH L* a* b*
YG SS 4.167E-6 0.134 1.728 5.907 41.501
Df 1 1 1 1 1
MS 4.167E-6 0.134 1.728 5.907 41.501
F-value 0.147 198.931 6.686 2475.589 442933
p-value 0.703 0.000 0.013 0.000 0.000
GS SS 4.226E-5 0.089 32.593 0.123 1.437
Df 2 2 2 2 2
MS 2.113E-5 0.045 16.297 0.062 0.718
F-value 0.744 66.065 63.050 25.818 7.667
p-value 0.481 0.000 0.000 0.000 0.001
YG x GS SS 2.411E-5 0.006 9.532 0.270 27.854
Df 2 2 2 2 2
MS 1.206E-5 0.003 4.766 0.135 13.927
F-value 0.424 4.126 18.438 56.611 148.637
p-value 0.657 0.022 0.000 0.000 0.000

YG = Yosghurt, GS = Glucose syrup, YG x GS = interaction of YG and GS, SS = Sum of Square, df = Degree of

freedom, MS = Mean Square

61
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Table 4 Factorial ANOVA summary table showing the main effects and their interaction effects of

instrumental texture values

Sources of Variation Hardness (g) Springiness Cohesiveness | Gumminess (g)
YG SS 164154.257 0.016 0.000 108097.271
Df 1 1 1 1
MS 164154.257 0.016 0.000 108097.271
F-value 9.672 0.568 3.041 8.042
p-value 0.002 0.452 0.083 0.005
GS SS 159989.224 0.182 0.012 58655.452
Df 2 2 2 2
MS 79994.612 0.091 0.006 29327.726
F-value 4713 3.219 59.773 2.182
p-value 0.010 0.042 0.000 0.116
YG x GS SS 2473.904 0.141 0.004 21513.741
Df 2 2 2 2
MS 1236.952 0.070 0.002 10756.871
F-value 0.073 2.484 19.931 0.800
p-value 0.930 0.086 0.000 0.451

YG = Yoghurt, GS = Glucose syrup, YG x GS = interaction of YG and GS, SS = Sum of Square, df = Degree of

freedom, MS = Mean Square
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3.3 dnwasniaiieduda (Texture profile
analysis)

PNAITIATIEINNEDR (Table 4) Wuin
dnSnasiuvestadenanliiinasean Hardness
(p=0.05) witldeiRerfevinvedleifsauaznglaa
F5Ui8vSnasina Hardness (p=0.002 Waz p=0.010
auds) WieRasaeanisnavestladundnie
vilnvedluiisn (Table 6) wuin luiisauiln AB mix
vilvien Hardness vosrufiladloifsngeninleiis
¥ia A (p<0.05) ilosnnUSunanidasslufud
\wadlolAsanyInuudliunneeiy Faurnand
(Hardness) veswdndnanduiugiuininainnig
asnalaseneniusysynInalusay (Protein cross-
linking) neluwm3ndiaa Fadeusofugleiusyis
vialanausuaglalylaniaus (Non-covalent
bond) wu wusylalasiau waviusylalaslidn
Tuiuiwadlondnd Wusslanaumintuldnany
N9 WU miL%auszwdﬂqﬂmazﬁiuﬂqmﬁuuas
ladumetoulysl MTGase #3p019LARINWUSE
Indalnfidouszninansneziludamsuvedlusiu
Vg [14, 18] Famadeureimarivisiasuaing
auuddiiuamdnda esnsuiiwadleide
lifledsaviia AB mix fdunalushugenindud
wadloisniildleiisn A Wesegraies (1nn1s
L.muﬁﬁwwd’;uiuqméhsﬂmﬁ%mmﬁm B) sdnalit
meluunsndlaa Inan1saselaseng N sy sEnINg
Wsiulddwuinnnd vlindasueidanuudeg
A1 wenantuleiismeuia AB mix fUSuaniana
glasagainiledisavin A Sahnaglasadiely
wanduAndulnssadaeaiiud sy [19] Faae
Suanuudwesiuiiadloddn WeRnsanamey
HavastadenanaeUsunaungleadsu wui dlold
nglaa@suluinaiinntu shlsimauudos
fufliadgedu (Table 7) aenndesiunuideiou
Mﬁ?ﬁWUj’lijE}Lﬁuﬂ%u’]mﬂ@;ﬂﬁ%%ﬂ Wlvruiiead
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fiAnuudadfisdy [3, 8] uazieailen G* (Complex
modulus) g4du [6]

A Springiness vioAAwEame 1uei
wanafeAdNaINsalunIsAUFIveITaRMaINIS
Fogu Sedusid¥anuiaveu (Elasticity) veq
Tnssadanigluveswdndue [20] detunialy
KARSuILEad anunsavenlddinnuandundinis
deoguveanansiue 1wy vdnsneadad 1 Tuns
vngay TPA wiandinsiien Wiodnszsiunana
atn nud BvSwasiuvedleiisauanglaadsulill
HasiaA1 Springiness (p>0.05) WadnSnaveslade
nanAenglaadSuiinasionn Springiness (p=0.042)
(Table 4) lagwuin Lﬁaﬁmmﬂ@ﬂﬂa%%mﬁu%u
A1 Springiness i (p<0.05) (Table 7) iileq
Mnnglaadsuaunsadnriniafendnvesine
glasa virldurniaglnsasglugUedmugiu
(Amorphous sucrose) Bhuﬂavl,ﬂmil,ﬁuqmﬁﬂﬁ
n1swWasuaniuzadiowia (Glass transition
temperature) LaznnsiiutuvedunsAzeniu
Tuanadu wlvfuiwaddienuAusuuudangy
(Elasticity recovery) [4, 5]

A1 Gumminess (Jundsnuiidoddlunis
aa186179381157909ude (Semi-solid food)
qunfeudivvniu arursaldvenarunilvves
rARS [20] dloTaszvinanieadn wuin Svdwa
sruvedloiisauaznglaadsululinasenn
Gumminess (p>0.05) usidngwavastadenanae
yiinveslgiisniinanon1 Gumminess (p=0.005)
(Table 4) Tngwudn @1 Gumminess vosfuflieadd
MHoiisnain AB mix dnginivesiuiivadiild
Towismudn A (p<0.05) (Table 6) Waiiilosann
ToRsauila AB mix Tlususwaunn dadu
YadudrAglunisasislassneiusesyninalussiu
(Protein Cross-linking) neluvindiaa lassane
Tushuiiudaussifdmalvindndomid Hardness gedu
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Table 5 Effect of yoghurt and glucose syrup on instrumental texture values (Interaction effect)

Yoghurt  Glucose Hardness™ Springiness™  Cohesiveness Gumminess™
syrup (%) (9) (9)
A 12.5 1720.968 + 154.555 1.061 + 0.203 0.889° + 0.014 1529.885 + 133.571
15 1756.256 + 128.909  1.054 + 0.066 0.906° + 0.005 1591.843 + 117.516
17.5 1799.272 + 85.602  1.095 + 0.092 0.878° + 0.008  1579.711 + 74.736
AB mix 12.5 1791.365 + 133.831  1.008 + 0.253  0.895° + 0.10  1602.686 + 113.415
15 1808.922 + 127.849 1.138 + 0.175 0.891” + 0.11 1611.852+ 121.344
17.5 1857.401 + 140.523 1.118 £ 0.145  0.880° + 0.10  1633.937 + 125.797

Means with different superscript letters (a-d) within the same column are significantly different at p<0.05

" indicates nonsignificance (p>0.05)

Table 6 Effect of yoghurt type on instrumental texture values (Main effect only)

Yoghurt Hardness (g) Springiness™ Gumminess (g)
A 1758.832° + 39.216 1.070 + 0.022 1567.146° + 32.834
AB mix 1819.230° + 34.203 1.089 + 0.070 1616.158° + 16.064

Means with different superscript letters (a-b) within the same column are significantly different at p<0.05

"™ indicates nonsignificance (p>0.05)

Table 7 Effect of glucose syrup concentration on instrumental texture values (Main effect only)

Glucose syrup (%)

Hardness (g)

Springiness

Gumminess™ (g)

12.5
15.0
17.5

1756.167° + 147.664
1782.589% + 130.028
1828.337° + 119.025

1.035° + 0.229
1.096% + 0.138
1.107* + 0.121

1566.285 + 128.216
1601.847 £118.857
1606.824 + 106.166

Means with different superscript letters (a-b) within the same column are significantly different at p<0.05

"™ indicates nonsignificance (p>0.05)
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rich phase) dse1aifunanaiiosuneliing
Cohesiveness wosfuiliadtowisnlunuideiiien
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iesaniAansuenipgaavestsiunaznglaadsy

¥nldmnusefomeniusyitiniuneluwadanas
msPaneduneluisiidianas uenani Wang et
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3.4 ad

Andvastuiiwadlodsauanslas Table 8
NANITILATIZINIIEDR (Table 3) wui1Bnswa
swvestladendniinasion L*, a* waz b* (p=0.000)
Taonuintuileadiililenisn AB mix uaznglaadiy
Seway 17.5 fen L* @?Tﬁlqm wagiAnd a* uag b*
qaﬁqm (p<0.05) n1siAsullasuesndions

Table 8 Color values (L*, a* and b*) of yoghurt gummy jelly

Yoghurt

Glucose syrup (%)

L*

a*

b*

A

AB mix

12.5
15
17.5
12.5
15
17.5

48.878" + 0.303
47.973° + 0.781
46.017° + 0.460
47.717° + 0.382
47.259“ + 0.430
46.819" + 0.555

-1.094% + 0.070
-1.116 + 0.020
-1.156° + 0.082
0.621° + 0.034
-0.419° + 0.018
-0.341° + 0.029

12.217° + 0.253
11.122% + 0.548
10.071° + 0.213
12.253 + 0.264
12.793° + 0.210
13.623° + 0.198

Means with different superscript letters (a-e) within the same column are significantly different at p<0.05
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annsnduituieduaridangulditu Jadowmeand
dwalviuiiadlofsniaan widnwudiainig
soulppsmgedian Tnelugnsvesiuiioadloiisn

Table 9 Sensorial properties of yoghurt gummy jelly

Yoghurt Glucose  Appear- Color™

syrup (%)  ance™

Flavor

Taste Texture Overall

liking

A 17.5
AB mix 12.5
AB mix 15
AB mix 17.5

8.22 +0.76 8.08 +0.80 6.00°+ 1.28 6.52° + 1.07 7.38" + 0.81 6.80° + 0.76
8.20 + 0.83 8.12+0.72 7.00° + 1.03 6.88° + 1.08 6.18° + 1.17 6.44° + 1.07
8.24 + 0.59 8.10 + 0.61 7.66° + 0.75 7.64° + 0.83 7.60° + 0.83 7.72° + 0.62
8.22+0.74 816 +0.71 7.62° +£0.73 7.70° + 0.68 7.78° + 0.74 7.76" + 0.62

Means with different superscript letters (a-c) within the same column are significantly different at p<0.05

™ indicates nonsignificance (p>0.05)
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