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Study of Various Carbohydrates and Sweeteners on Physicochemical Properties,

Texture and Sensory Acceptance of Sandwich Bread
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Abstract
Background and Objectives: Modern fast-paced lifestyles have increased consumer demand for bakery products,

particularly bread, in which sugar is a crucial ingredient governing product characteristics. However, excessive
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sugar consumption significantly elevates the risk of non-communicable diseases (NCDs), including obesity,
diabetes, and cardiovascular diseases. Consequently, reduced-sugar product formulation approaches have
emerged utilizing two categories of sugar replacers: digestion-resistant and fiber-like carbohydrates (polydextrose,
trehalose, and isomalto-oligosaccharide) and low-calorie sweeteners (isomalt, erythritol, and isomaltulose) that
exhibit low glycemic responses. Therefore, this study aimed to investigate the effects of substituting sucrose with
these six sweeteners at levels of 25% and 100% on the quality of sandwich bread to determine the optimum
sweetener type and substitution level.

Methodology: The control sandwich bread was prepared by mixing wheat flour (110 g), sucrose (20 g), dry yeast
(2 g), milk powder (4 g), and salt (1 g). Pasteurized milk (65 mL) and unsalted butter (0.5 tablespoons) were added,
followed by kneading in a dough mixer for 15 min. The dough was fermented at 28+2 °C for 1 h, degassed, placed
into a baking mold (250 g capacity), and proofed for an additional 45 min. Baking was conducted at 190 °C in a
closed mold for 30 min, followed by 10 min with the lid removed. The baked bread was allowed to cool, sliced to a
thickness of 2.5 cm, and packaged in aluminum foil pouches. The experimental treatments followed the same
procedure, but sucrose was substituted with one of six sweeteners (polydextrose, isomaltulose, isomalto-
oligosaccharide, isomalt, erythritol, and trehalose) at substitution levels of 25% and 100%, resulting in 13
experimental treatments in total. The final products were evaluated for physical appearance, moisture content, water
activity (a,), and color profiles (L*, a*, b* and AE* using the CIE system) of both the crumb and crust. Textural
properties were analyzed using a texture analyzer to determine hardness, springiness, cohesiveness, and
chewiness. Finally, a sensory evaluation was conducted with 100 untrained panelists using a 9-point hedonic scale
to assess appearance, color, aroma, taste, and overall acceptability.

Main Results: The types and concentrations of sucrose replacers significantly affected the quality of the sandwich
bread in different ways. Regarding structural properties, the control bread exhibited a fluffy crumb with uniform
porosity. Isomaltulose and isomalto-oligosaccharide yielded results most comparable to the control. While erythritol
and trehalose showed no distinct structural differences, 100% polydextrose resulted in a denser crumb with smaller
pores. In terms of physicochemical properties, 100% substitution increased water retention, leading to higher
moisture content and water activity. Polydextrose exhibited the highest values, whereas 25% isomaltulose yielded
the lowest. Color analysis revealed that 25% erythritol and 25% isomaltulose produced a darker bread color.
Textural profile analysis showed that 100% substitution generally increased bread hardness, with 100% erythritol
yielding the highest hardness value. Conversely, 25% substitution effectively maintained crumb springiness.

However, excessive substitution levels adversely affected the texture, resulting in a cohesive and chewy crumb.
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These findings aligned with the sensory evaluation, where 25% isomalt was outstanding in appearance and aroma,
while 25% isomaltulose received the highest score for color. Notably, 25% erythritol obtained the highest scores for
taste and overall acceptability, closely matching the control formulation. In contrast, 100% polydextrose received
the lowest scores across all sensory attributes.

Conclusions: The application of sucrose replacers affects bread quality differently depending on the sweetener
type and substitution level. Structurally, isomaltulose and isomalto-oligosaccharide provided a fluffy texture and
uniform porosity most similar to the control, whereas 100% polydextrose resulted in a denser crumb with smaller
pores. Physicochemically, 100% substitution increased moisture content and water activity, with polydextrose
showing the highest values and 25% isomaltulose showing the lowest. Regarding color, 25% erythritol and 25%
isomaltulose yielded darker colors, while 100% trehalose and 100% polydextrose produced color values similar to
the control. Texturally, 100% substitution significantly increased crumb hardness. Sensory evaluation indicated that
25% erythritol achieved the highest scores for taste and overall acceptability, closely matching the control.
Therefore, 25% erythritol exhibits the highest potential as a sucrose substitute in sandwich bread, followed by 25%
isomalt and 25% trehalose, respectively.

Keywords: sandwich bread; carbohydrates; sweeteners
*Corresponding author. E-mail : maxnatthaphong_2541@hotmail.com
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DO24E, Semon, Taiwan) ¥n19asuvuu-anelduga fgnmnil 190 asamaiioa wiu 30 Wil uazeusiadn 10 Wi
TnendladWswauule Weasunaiiauuunyinlidu vinnnsdalidauinaaunun 2.5 tiusiwns wdaun i
a A s d‘ o a IS v IS d’l’ o Ly o '
avneazgiiiianeudinatinundias s uaniBnIAi nanIw Weduda uazAmantiBnielscamdudasaly
ludauganaaesnismaunuiiniaglasasasafivlamsnuazatsiaounauiingng o) dawsaulnedaneaiuiy
control A uddatiiun1sAnwdusiy AaruunssAun1Imaunuiiaaglasaldn 2 scdu Ae fauas 25
d‘ a o dl 1 % o = v dl = = ° o
wadszillunansenuluszaunaindnlaseaitaudeinazdaasaonuianas uazfasaz 100 iNBANETAINARGIEA
(extreme boundary) 184019488801 IATNEF N a1 AuraIA FURLUANG 1 MSUNIuN Taeldn1Inaunsinng
1lasadamfiulawmsauazanslipnumnuindnadoniasas 25 uay 100 ianun 6 1l laun lelanaast (isomalt)
InaLAndinsa (polydextrose) lalanaalnladlnudnanlssd (isomalto-oligosaccharide; IMO) n3a1laa (trehalose)

lalanaaylas (isomaltulose) Waz@svianaa (erythritol) ANNATAL

2. MIAAMeAaNITANIAAN NI

2.1 anwaderlaIng
ﬁﬂﬂm:ﬂi’mgm’mmﬂn’lw (physical appearance) S NG TGN LLmumﬁmﬁmemuﬁmmﬁﬂm Anariinuay

@j“mﬁmummmﬁuvlmmmLL@zma"lﬁ’mwmmﬁ&mﬁu‘immidwgﬂﬁfaﬂnﬁmmﬂmwﬁaﬁ@ (X-A3, Fujifilm, Japan)
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v
o ¥

nelsanazaauan Tnafafindesuuaaalifiszazvineainsaeteaunil 15 wuhiwng evinnnglunaeedianin
(light box) NIALIANANIWULAY daylight 6500K arntiutin e ldundngau (crop) Usnaunanansaausiuaunlals
o I 4. 4 - .
HuafuNdndauasi 3x3 msaiauRms Tuynsaeting

2.2 1FN0ANTY

A zITunFasazAiNNTy (%moisture content) rasauNlauausIrildanfulamsnuazansldinanu
WMALNUINANagIATA ANNT5I89 AOAC 35n19% 927.05 (AOAC, 2000)

2.3 Nangsnindase

AAITHANNANTTNUNBATY (water activity; a_) 1891uNTlawtuAnldaflulawmsniazansldaanumanu

Wi
v

nounuianaglasanaeAsesinpAENN0RANINT01NBATY (Series 3 TE, Aqua LAB, U.S.A) TnaldFnatinaaunils
a1 ndu ldasTumagueaesesinfunnndasenewinesiian a, Naouuni 25 avAmads

2.4 AR

o1

ALAI1ZIANE (color values) 184Lia (crumb) wazilaan (crust) rasauNtlanausagn [ Fa U lamsnuazans

TiaauuumaunuiianaglasasnLATesinrng (Color Flex EZ, Hunter Lab, U.S.A) Tuszuu CIE #vnnnsaiasnzyl

v
al o

AN L* value (AMAINE719) a* value (ANANNINALAY (+) - R8I (<) b* value (ANAMNLTLAAAY (+) -RUNRY ()

o

WAZIATIEAN AE* (A1ANNANN9R TASIAELAINANAINEAINN) TABNITANUIUAINANNIIN 1 Fail

AE =~/ (ALY+ (A8 + (AbY: ™

a8l AL* Aa* way Ab* ABAYINANNTEUI NN RLABTAUDIFIDENLAT NIV NLABFAYBY standard FBIAN

AU TAeAn L* @iniy 93.59 An a* wind -0.98 way A1 b* Winiu 0.35 nnuua iy background

3. mif?mmm@mmuﬁwmﬁ%ﬁwﬁm

Emmwfﬁgmmuu‘”ﬁmuﬁ@ﬁu N@& (texture profile analysis) 1a9UNTIY wrusATRldan sl lansanazan sl
mmmmwmmuﬁ’]m@ﬁmm c-ﬁ'ml,ﬂmmu?ﬁmm Kan et al. (2020) é’qam"?‘lm texture analyzer éﬁ’a Brookfield ';ju
CT Iaeldviadnuuy cylindrical probe (TA4/1000) tfetnsaunileg@inanudniasnn 6x6 iufliuns wun 2.5
LEUFLN AT Qﬂdﬁli\mm\'igﬁui'a\‘iﬁaﬂﬂ’m Tmﬂ%\mnwmmm’%mﬁdﬂ trigger load 20 g, test speed 2 mm/s, pre-test
speed 2 mm/s, post-test speed 2 mm/s a e distance target 8.0 mm (Faaaz 40 mwzgw'awuuﬁq) A8 NINNNg
A114A1 hardness (g) springiness (mm) chewiness (mJ) WazA1 cohesiveness

4. N9UsNUNNUT=ANANER

n13tlsziiunnatlszanduda (sensory evaluation) 2891untlauauaTf LAy lawmsauazanslfnanumanu
naunuAIatlasa Anulaen nisaes Devi et al (2024) Tnafnaunlalilauinlszunns 3.5x3.5¢1 1uRLNAg

(NF19xeINXE) ﬁﬂmiwmmuﬁ'ﬁuﬁﬂwmzﬁﬂmﬂg A nau 74175 wazANgauingmu InelFAzULANTaL 9 LAY
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] ' '
=2 1

(9-point hedonic scale) @4 1 AzUUY AD THTaUNINTGA wAT 9 AzULY AB TauNNgn Inalddnageuiliniunig
Anluanuau 100 Au NHgaany 18-50 T visi nstlsziiunneszamdudasainaaifiunianeldaninsiaensis
1 ¥ dl Q” o 1 dl v = =3 ° v Y Yo gﬂl & =
afnagey Wasantudaed N ldnaasuiauimdn ildgnaasulifulsuniinaueanasedgagaiiies
dszanou 2-3 nfn/netng (lugannaeamauwnuiaasy 100) FeduszAunaindnueinisfiagnsduanseune

a o o

(Laxative threshold) aginefdadnAty wazldneldifinenn1siandnilussuuniadmuenung (Storey et al., 2007;

o

o

Makinen, 2016) nnsnagauiasdnat]lunisdsvifivarwsinlinfiaanidasauazdnulaaadusagidisaunis
NAFDL

5. Upgitayanvans

yinnmaaesettaenfaet1eay 3 9 IAEI19LHUNIINAAILLLENANY ] (completely randomized
design; CRD) daun1smaaauamnInnivlszamdndaidinsvvideyanieana Inaldununismaaesiuuguuden
anysa] randomized complete block design (RCBD) udatirdayaitlduniinazimenads zdf;ul,ﬁmmummﬁm
wazALAIIZANLL 99U (analysis of variance; ANOVA) faeia5a849 Duncan’s multiple range test (DMRT) fiazdu
Mﬁm%@ﬁu%ﬂ?;laz 95 (p<0.05) ﬁfmfﬂmmimﬁm%gﬂ SPSS 29.0 (statistical package for the social science for

windows version 29.0) (SPSS Inc., Chicago, USA)

Results

1. NM39ATEWAANIAN AN BN IN

1.1 ansauztlsng

Tasvainenialuaeaieaun N uaum TN i AN INALIN T8 INIANTZANEARB LN AN AN WY
Tagldnszqnaandudungulug wiatinlnsseiniazuialugiiiull InaTwsseanmmaniitinainfing

. et o . . . o« y

prfuaulneenlasniaslaesasnuilussudnanszuaunisudn uazgniniulilaalaseaineaesngen ninnng

. . o o D 4 N 2
n9vansfaUe9Tedn N AbNaNENe anadanaldiilerunilauduinly Geasdanadasaileoduda wazaqny
] o o :I/ v = = o o 1 QI 1 = Y a
Urfudsznau Al nsasuAulaseaieniglurasiianudAnyetgEranmunIn wazanianalazesguiing
(Wilde et al., 2012) Tnadnenuzisngaessunifuauanldasiulans wazarslianumunaunuiimiagiass
WaRIAY Figure 1 Anuanimaaad wudn nasldaslulamsauazansiiaaumnunaunuiiaiaglasaludnsidou
AT 25 Wazipeaz 100 denasalnsaaiantanian naesruntauanateiunNTiin warensdauinld ludouaes
control HanmauziasaaFraaunilanaiane lngd nseainidAnszanaiavianewaaarunts luanennisld

dl ¥ U v v a 13‘1 o/ o/ dl 1 a [~3

polydextrose NAUNUNAMNIINTUTaEas 100 a9na liruueiiladudanuiy LaztingsaIn1AIuIALaNas

atnadnau Fatlunasnanauanifnisgaduiingirdraadeiuidulaans lunenseiudan nasld isomaltulose

'
= ]

waz isomalto-oligosaccharide danalinaninsianwuzlassafnlndlReaiugnsaruauuIniign dau erythritol uay

Q

trehalose W91 Tdn1 1 laseasiian sl agunadllaniAanuiniin anuani1sAnN®IAINa19 3 19Liuan
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isomaltulose HANENNEIgaTunsisn I iduamaunuimadiunsnanuNunueiT $e9a311A8 isomalto-
oligosaccharide erythritol Wz trehalose AMNAIAL 20seIN131d polydextrose 8138 a3dN19U U g9gmaLisLAn
= Y A& o edd o v o £
e W lduandmusmiansn IndlAeeiy control 8nTu

FPETZIT RN

gy S
5 I}
o Y

. )

LS

R4

100% Erythitol 25% Trehalose 100% Trehalose
Figure 1 The appearance of sandwich bread comparing the control with samples infused with various

carbohydrate and sweetener

1.2 1BANIANNTURASAANTINNDATS
FUNUAMNTURAZIANTIN LN B AT ras BN gL 1E AN FTu 8L smuazan s AN M LNA LN ULNANG
#lA7a UAAIAS Table 1 WU41 A Control ARAnssuuUndaszwini 0.78 daunisldansTulamsauazansliinanumanu
luilfunufesas 25 waz100 ARanssuundasyaglutdaq 0.76-0.83 Iaindnsdausnsanfiulamsauazansli
4 X  a v . o4 ¥ 4 v . Y o4 4 I
ARNMINUNAITUAINAR B NANTINUNBATLNGITUAIN TedonAFaITLLFNIMAINTY TallanFauiaufiy control
o 1 dl ¥ v = 1 1 a o o o aa
uazsaagen ldafiulawmsmuazanslimanumnuiinuunnstsaealiad1 Ayn19aia (p<0.05)
1.3 AR
1.3.1 A1AveNie LN IuTUA 3T
Ardresilaruniluwrusianldanflulamsnuazaslinanmaunaunuiiniagiansa uandds Table 2
AINNANTINAADS WL ATAINAINN (L¥) mmLﬁ@muuﬂmvnumﬁmgﬂwﬁm 79.45-84.25 AnAnNiTuAung (a*) 284iile
wunilunusRaasluges 0.18-1.39 atuzfiA1ANTuAIMASY (b*) 8t ludae 16.93-18.79 UATAIAINANE (AEY)
atllutag 43.51-49.03 uansvad 19l d1Atyn9ana (p<0.05) Inasaatreinaunusaaanslinaiumaunaay
v ¥ v = ' A A o . = v v
dnduFerar 25 daulugiAiaruadneanasilamauiugn control Intilanty isomaltulose NAdndNduiasay 25
danalifpn L A17ign 204z polydextrose A trehalose A uiduduFasay 100 liA1aauadnelnglAes control

wnfge uansdnannlunisinueduenaniusinaanlen
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Table 1 Moisture and water activity of sandwich bread comparing the control with samples infused with various

carbohydrate and sweetener

sample moisture (%wet basis) water activity; a,
control 25.230.840™" 0.78+0.01°
25% polydextrose 24.08+1.97% 0.8020.00"
100% polydextrose 29.64+1.36" 0.83+0.00°
25% trehalose 23.83+1.51% 0.78+0.01°
100% trehalose 28.58+1.32° 0.82+0.00”
25% isomalto-oligosaccharide 25.85+1.85" 0.79+0.01%
100% isomalto-oligosaccharide 28.17+0.92° 0.82+0.00°
25% isomalt 19.87+0.03° 0.76+0.01°
100% isomalt 22.43+0.21° 0.80+0.01"
25% erythritol 21.11£1.10° 0.78+0.01°
100% erythritol 25.79£1.12° 0.79+0.00”
25% isomaltulose 24.5740.51% 0.79+0.01%
100% isomaltulose 26.88+0.86" 0.82+0.00”

*Values are given as means+SD (n=3)

** Different with letters (*°) in the same column indicate significant differences (p<0.05)

Table 2 Crumb color of sandwich bread comparing the control with samples infused with various carbohydrate and

sweetener
sample L* a* b* AE*
control 83.34x0.14 " 0.40+0.05° 17.6520.12° 47.91:0.17°
25% polydextrose 80.62+0.09" 1.11%0.05" 18.73+0.01° 44.72+0.11°
100% polydextrose 84.24+0.03° 0.90+0.02° 18.50+0.01° 49.03+0.03°
25% trehalose 81.29+0.17° 0.84+0.05° 17.65+0.14° 45.49£0.20'
100% trehalose 84.25+0.09° 0.42+0.05° 17.3920.01' 49.00£0.11°
25% isomalto-oligosaccharide 81.17+0.20° 1.39+0.04° 18.19+0.02° 45.370.24'
100% isomalto-oligosaccharide 82.65+0.15° 0.84+0.02° 18.79+0.04° 47.12+0.19°
25% isomalt 80.40+0.09" 0.83+0.03" 17.60+0.03° 44.43+0.11"
100% isomalt 84.19+0.03° 0.33+0.01' 16.93+0.06" 48.93+0.04"
25% erythritol 79.60+0.08° 0.85+0.01° 18.73+0.02° 43.51+0.09
100% erythritol 83.53+0.08° 0.54+0.05° 18.2240.08° 48.15+0.10°
25% isomaltulose 79.45+0.32° 1.09+0.05" 18.63£0.14° 44.04%2.10
100% isomaltulose 83.90+0.06° 0.18+0.02° 17.08+0.06° 48.57+0.07"

* Values are given as means + SD (n=3)

** Different with letters (*) in the same column indicate significant differences (p<0.05)
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1.3.2 ArAvevlaen LN N uTLAaT

oA

AnAaaanlaanauntisusianldaslulawmauazansliaouunaunuiiaiaglase Lanesa Table 3
AMNUANIINAADY WULT ANAINATTS (L) Bevlaentunilsuaudiaaludos 57.98-75.09 Araauiiluduna (a*)

d’j = 1 1 dl 1 a A 1 1 1 1 al
yaqidaruNtlsuauAaTaglugae 5.91-12.68 20uzNAIANLTNAGRDY (b*) atludag 22.58-31.46 LATAIAIINAIGA
(AE*) agflutng 23.40-39.08 unnsi1sag19d Wed1Ayn19ad @ (p<0.05) InasatedaulnglArarnadnsanas
azviaulednduanaindizanuaansa (maillard reaction) Ingany trenalose finanuidndusaasy 25 danal
AN L* ANNge Uzl polydextrose WA trehalose NAandnduiaaas 100 TWArAnadnsuway AE* IndlAs control

wnfge uansAnanmlunisineaAduesnansusinauanlaa

Table 3 Crust color of sandwich bread comparing the control with samples infused with various carbohydrate and sweetener

sample L* a* b* AE*
control 60.11+0.38 " 12.36+0.20° 30.09+0.22° 25.30+0.31°
25% polydextrose 67.8420.51° 9.23+0.18° 26.8420.23° 31.8740.52
100% polydextrose 68.4420.21° 8.93+0.49° 28.83+0.52° 32.62+0.08°
25% trehalose 57.98+0.19° 12.68+0.06 29.87+0.21° 23.40+0.22'
100% trehalose 75.09+0.19° 5.91+0.15° 25.13+0.47° 39.08+0.16"
25% isomalto-oligosaccharide 64.65+0.34° 10.51+0.14° 28.06+0.46" 28.99+0.27°
100% isomalto-oligosaccharide 69.47+0.27" 8.76+0.09° 31.46+0.20° 33.98+0.32°
25% isomalt 63.87+0.28° 10.1320.32" 26.53+0.37° 27.94+0.16°
100% isomalt 71.17+0.35" 7.54+0.03° 26.43+0.46° 35.07+0.43"
25% erythritol 64.96+0.31° 10.1620.31° 27.02+0.57" 29.1120.29°
100% erythritol 72.69+0.25 6.29+0.11° 22.58+0.22° 36.26+0.28"
25% isomaltulose 59.69+0.38" 12.19+0.19° 28.92+0.13" 24.73+0.28"
100% isomaltulose 64.01+0.47° 11.5240.31° 31.30+0.33° 29.000.33°

*Values are given as means + SD (n=3)

** Different with letters (*°) in the same column indicate significant differences (p<0.05)

2. ANIANLIAYNLI A3ETA

AuantAnIviledudasesruniausianldafulawmenuazarsldnouuanunaunuiiniaglags
WARIAT Table 4 AMNNAN1INAASINUL Nsldarsnaunuiimadenansenusanuantimiladndasesaunilalusiu

AINUAN (hardness) ADNEANE Y (springiness) WAzAMLALA LA (chewiness) atinailad1AtyI9alia (p<0.05)

al

gNLBUAINITLINNERAA (cohesiveness) NINRAINNLANFA19AUNIATR ATA1NwEa (hardness) UB9UBHN T LT UADT
\ , A , = 9 Y
ag/ludae 574.37-2,963.56 g Tnel control AAMA 583.00 g Fenisldansiulaimsauazansliaanunanunauny

wmalulBunfeass 100 daulug)denarinldfauulilaouudaiunniu anaedraudu Tunisiunfesaz 100
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=

283 erythritol WAAYAIAINNUINGIAATY 2,963.56 g TAHAIAIINUTIGINGT control NINDA 5 1117 ATNARE isomalto-

a
'

oligosaccharide Was polydextrose N5ae1a% 100 NANYINAL 1,505.00 g WA 1,441.01 g AMNATAL Tuanuefinnnaiy
erythritol lugmsnfaaay 25 wanaArAauudeiilndiAzaiy control mnﬁzm‘?i 574.37 g &1uFuAINE ALY
(springiness) Wus1saat19daulunydanIndiaasiu control Taaat ludag 6.12-7.21 mm #9810170193 1447
mwmLmummﬁiﬂmmn@z‘wum’@mfmmwwnlumanﬁuﬁuzﬁgﬂLﬁmmwmﬁq aei9lsfinn N19LaTH trehalose
fi¥auay 25 uay isomaltulose 7ifauaz 25 danaReAN springiness 71g9na1 control Readniler Tudauzesrns
\N¥fA (cohesiveness) WudNFaatinailA1atludag 0.50-0.78 uazliiaonuuanseaiuetnelied1Anum1eadn
(p>0.05) \ilawiei control 7 0.71 wassliiiuingiauazBannaesanmaunuinad flugas T lddwanszny
siaussdamilzanolulanaieseiforunts drusurraamiAesld (chewiness) nudnfluwa iinnnsuwasuulas

o '

ARNYARITUAIAIINLIN (hardness) Iag erythritol Ni¥atias 100 AaldisaiAnngs (chewiness) Ngals 132.30 mJ

b

4:1NN31 control N1 28.05 mJ D19 4.7 111 A1NA28 Isomalto-oligosaccharide Ai¥aeay 100 91 62.00 mJ luanizd

XD

a v

NIFLATNAAE erythritol waT isomaltulose N¥aaay 25 HAINA1ALATL control NNNAIgA 26.95 mJ way 27.51 mJ

ANNANAL

Table 4 Texture profile analysis of sandwich bread comparing the control with samples infused with various carbohydrate

and sweetener

sample hardness (g) springiness (mm) chewiness (mJ) cohesiveness™
control 583.00+33.94" 6.95+0.11° 28.05+3.04" 0.71+0.25
25% polydextrose 655.50+152.02° 6.34+0.64° 28.35+8.27" 0.69+0.17
100% polydextrose 1,441.01£29.70° 6.12+0.13" 45.06+1.13° 0.53+0.28
25% trehalose 700.36+16.97' 7.21£0.11° 30.95+2.05" 0.69+1.02
100% trehalose 595.52+95.46° 6.57+0.32° 30.502.97" 0.73+1.25
25% isomalto-oligosaccharide 1,204+28.28° 7.03+0.19™ 51.90+4.67° 0.78+0.32
100% isomalto-oligosaccharide 1,505294.75° 6.77+0.06° 62.00+0.71° 0.50+0.41
25% isomalt 637.50+23.33° 6.88+0.09™ 30.90+0.42%" 0.72+1.11
100% isomalt 1,094.02+28.28° 6.70+0.23° 48.45+2.62° 0.67+0.34
25% erythritol 574.37+19.79° 6.99+0.11%° 26.95+1.06 0.69+0.27
100% erythritol 2,963.56+41.72° 6.8120.20° 132.30£11.17° 0.66+0.19
25% isomaltulose 728.24+15.55' 7.13+0.01%° 27.51+3.11" 0.57+0.08
100% isomaltulose 797.28+41.01° 6.73+0.39° 40.35+0.92' 0.72+0.15

* Values are given as means+SD (n=3)

** Different with letters (*°) in the same column indicate significant differences (p<0.05)

*** ns = not significant
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3. NMILFNUN NI ANBUEA

nstlszidunigilszamdndasesnunumusianldanfiulamsauazansliaaumaunaunuiiniaglasa
WARIAY Table 5 AINNANIINARES WU Audnsuzlsngressunusumizeglugog 5.20-6.83 AzuUW AUATDS
unTuIuA e luT9e 5.77-6.93 ATLUL AUNAUesIUNTN LT UAYTE lUT 5.47-6.77 ATWWW ANUIATIATD9TUN
tlawgusaaagluges 5.13-7.53 Azuuy wazaupNtesinasNaeunTumuiiTes LUt 5.87-6.80 ATWLL WU

¥ A v ' [y = ' o . ai Y v Y 1%

armaunuAan lATuAzuugaga luusazduliavnuand1eiu Ing isomalt Arandndudessy 25 Tinzuuu
gean A uAnEnzINg (6.83 AZUWL) WATNAY (6.77 AZIUL) 493 isomaltulose NiAdNidnduFesas 25 TRazuun
494AAUR (6.93 Azuu) Tuanied erythritol DA ududuiensy 25 ldazuuugegaludusasnf (7.50 AzuWW) Az

o o

Autaulnesu (7.13 Azuuw) T9lnalAesiu control tnaliuansnsatneliladnAtyn19adia (p>0.05) dauniaia

¥

Punnuasmaunuiangeauiiasas 100 luusazoatnanaudenaliaziuuarndetanasetwdaauluynngs

Table 5 Sensory evaluation of sandwich bread comparing the control with samples infused with various Carbohydrate and

Sweetener
sensory evaluation
sample appearance color smell taste overall
control 6.70¢1.62°" 6.77£1.77° 6.73+1.53° 7.53+1.79° 7.21+1.85°
25% polydextrose 6.30+1.86" 6.73+1.28" 5.60+1.99° 6.73+1.70° 6.53+1.63"
100% polydextrose 5.73+1.72° 6.07+1.72° 5.47+1.87° 5.03+2.08° 5.27+1.89°
25% trehalose 6.60+1.98° 6.73+1.68° 6.27+1.91° 6.57+1.79° 6.30+1.82°
100% trehalose 6.20+1.99° 6.60+1.94° 6.13+2.00° 5.13+2.01° 6.27+1.96°
25% isomalto-oligosaccharide 5.20+1.69° 6.27+1.84%° 5.77+1.81° 6.43+1.72% 6.2741.31°
100% isomalto-oligosaccharide 5.90+1.83° 5.77+1.48° 5.73+1.89° 5.63+1.75° 5.40+1.89°
25% isomalt 6.83+1.60° 6.70+1.47° 6.77£1.72° 6.63+1.61° 6.03+1.79"
100% isomalt 6.03+1.99" 6.23+1.98" 5.57+1.55" 6.00+2.08° 5.90+1.88"
25% erythritol 6.50+1.76™ 6.53+1.57° 6.40+1.63° 7.50+1.63° 7.13+1.70°
100% erythritol 5.63+1.81° 6.10£2.01% 5.97+2.19° 5.70+2.12% 5.87+1.96°
25% isomaltulose 6.53+2.01° 6.93+1.53° 6.53+1.74° 6.43+1.81% 5.87+1.55°
100% isomaltulose 5.80+1.65° 6.33+1.52° 5.80+1.79™ 5.60+1.77° 6.03+1.67%

*Values are given as means+SD (n=100)

** Different with letters (*°) in the same column indicate significant differences (p<0.05)

Discussion
= a v 1 s = dﬂl o/ a
NN9ANEINATRITRAANTIU AR LAZ AT AN NN WFAR ANTAN AN -1 W HeduHE wazn13Useiiu

natszamdndaresrunuausie InanniantmEniwai-naniw ldun audnsozlng tsunuauas fanssu
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UANANT SR RN NN IF AN AUNUAI AN LT ARY iU 1AsETeY Alencar ef al. (2017) AL AU
uilianddaewdadnlaasauiunsdugmumauwuimaglnsain i ldsunzuuumalssamandasusnens
ng nau 38717 Liedua memmm‘lﬁmmqu@;ﬁqm WAL 6.00 6.09 5.36 5.31 LAY 5.54 ATKUU ANNAIAL
lwanusdl Vatankhah et al. (2017) 11899597 nanaunusaent I uisasdauienas 50 Inzuuuiud saei
N Lmzmmmuimmquqqﬁqm WL 4.33 4.33 4.00 UAT 4.46 AU ANAEL atelsfimn WelRusnsdan
mﬂnmLmuﬁqwrﬁ’]m’m‘lﬁqqﬁu Tnevawzideras 100 wudn HARA TR ANANINEI19g94 0 (62.48) LaziAIAIIN

wivanagialnguiugnIAILAN

Conclusions

naaunuiiaaglasalunanisiaunliausigsiaasiiaaunauailn erythritol ludnsndiufesas

o & o =

25 lumsideniunnzanngaduiuniswmunand et uldianiiniealW@ndunalsenis wu Bunnaouay

' '
o [ % A

warANd azilAdnuuanaINaIngasnLANatNllEd Auneats IeFaumauiuaimaunuatagu ningas

o

aa

erythritol fataz 25 nauilanninaaugegalusiiuguantiiniadscamdnda Inaldfuazuuupnugauiusas s
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