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Development of Low-Calorie Oat Bars Fortified with Soy Protein
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Abstract

This research aimed to develop low-calorie oat bars fortified with soy protein by
substituting sugar with stevia syrup. The sensory evaluation of oat bars with the substitution of
stevia syrup at 0% (control), 30%, 50%, and 70% showed no significant differences (p>0.05) in
color, aroma, and taste. However, the 50% formulation received the highest overall preference
score (7.66). Color analysis showed no significant differences (p>0.05) in L* values among
the formulations. The 50% formulation exhibited higher redness (@* = 1.15) and yellowness
(b* = 8.70). The study of soy protein supplementation in stevia syrup-substituted-oat bars at 0%
(control), 10%, 15%, 20%, and 30% found that 10% soy protein formulation received the highest
sensory evaluation scores in color, texture, and overall preference, with scores of 7.26, 7.03, and
7.31, respectively. Increasing the soy protein content resulted in an increasing trend in the
lightness (L*) value of the product. Similarly, the redness (a*) and yellowness (b*) values also
increased, ranging from 1.09 to 1.47 and 7.50 to 9.76, respectively. The 10% supplementation
formulation had the lowest moisture content (2.35%) and the lowest water activity (0.27). As soy
protein content increased, the hardness of the product tended to decrease. The 10% formulation
exhibited the highest hardness (528.51 Newtons), adhesiveness (9.04), and chewiness (325.90
Newtons). The proximate analysis showed that oat bar supplemented with 10% soy protein had
significantly higher protein (21.81%), fat (1.24%), ash (2.51%), and dietary fiber (8.30%) contents
compared to the control. Additionally, this formulation provided lower energy content than the

control formulation.

Keywords: Oat bar, Low-calorie food, Soy protein, Stevia syrup
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Table 1 Substitution ration of stevia syrup in oat bars
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Ingredients Control Formulation 1 Formulation 2 Formulation 3
Stevia syrup (%) 0 30 50 70
Caramel syrup (%) 100 70 50 30
Rolled oat (%) 20 20 20 20
Black sesame (%) 10 10 10 10
Pumpkin seeds (%) 10 10 10 10
Sunflower seeds (%) 10 10 10 10
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Table 2 Soy protein supplementation ration in oat bars
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Formulations

Control 1 2 3 4

Soy protein (%) 0 10 15 20 30
Stevia syrup (%) 30 30 30 30 30
Caramel syrup (%) 70 70 70 70 70
Rolled oat (%) 20 20 20 20 20
Black sesame (%) 10 10 10 10 10
Pumpkin seeds (%) 10 10 10 10 10
Sunflower seeds (%) 10 10 10 10 10
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antufinanismaass (Fnsiadaete 3 97) (Fauuas
0 NAensal Innzunla wazAme, 2563)

23 Yausunannudulag m’?'aﬁmﬂ%mgg
AMuTY (@%e OHAUS 1 MB102) Yadegsay 3 91
Tagifleg1andnnueiv1lenuisunasiden F19U
3 05y wdahluidas esgua U AT Ui Le
VUTNNANITNAGDY (AOAC, 2000)

2.4 Aps1viosnUsenaunaail
WINann e v1318 au1s naunulysy
Mzﬁm;nw,a%uiﬂiauﬁ"amﬁmqmﬁﬁﬁqm el Usuna
audu oty i ele wasaslulawse Tag3gnng
AOAC (2000)
2.5 JRTIRAMENU IAgN1SANINAINGNT
»1375 (AOAC, 2000)
%A1siulalasn %ludy uway %lushiu
ﬁ'lﬂ'wﬁqﬂa'n‘ﬁmﬁwmmmmgjmmai%uﬁwé’dmu
= mslulawnsn x 4 + L x 9 + Wshux 4

NIANINTNEATTIUAY VN 25 alun 1 unsiau-Iquiey 2569



3. AATITNANITNARDINIATUEDA
NsANYIAMNAINNIA Y TEAMAUN V03

a o '3

nAnAuII1 U3 MasunInaaesuuduluuien
w%auﬁanauyjsaﬁ (Randomized Complete Block
Design: RCBD) N15ANWIAMAIMNNINAIUNIEAIN WAL
LA UINANA UNT1ILE AU TLATIZWNITITILNY
mwmaaaLLUUﬁq'uauqim‘maam (Completely
randomized design, CRD) Wazn153LATIEBIAUTENDU
maaflvesnandusiiilenursnainulysungninu
@3 ulUsAud A eagasfiafian 119uNUAITNARDN
F1838M13 ttest vnsmaaes 3 91 193815 TAT e
AMULUTUTIUN9EDR (Analysis of Variance, ANOVA)
wariUs ouLBuANLANGA1903A11RE BR 287 5
Duncan’s New Multiple Range Test (DMRT) i sveu
audesiu Seeay 95 (p<0.05)

NaN1538LALN15AUSIINANISIVY

1. wan1sAnwdaTduiiunzanvedleungimanu
Tundnfuaidnlsnuns
nNsUsEUN R uUsEaduRE fud
nau sawd 1 eduda wazr AmnureulngsImYeInIs
nawnulesunavnulundndugidnloauns maeis 9
Point Hedonic Scaling test Imal%ﬁwmaau%mﬁhiﬁhu
ASRARUTINIL 30 AU WU AZUUUNISERUSUAY &

ndu uazsav1A vewdansusid1nldnaungnsnauny
ansil 1 Froganuny) 2 3 uag 4 lifimnuuansaiy
og19ldsdAyNI9atf %ﬂﬁ%’mmmuﬁmﬁa&ﬂmﬁm
6.50-6.96 AxuuuAILNA Uy luYas 5.96-7.03 uaz
AzUUUIUSAYIRoY U 6.76-7.40 uenaninans
Tinseriazuuunsvousududodudalugnsd 3
finzuuugsgn fawiniu 7,56 Fsfinnmunnsieeied
oddymeadifidugasd 1 waz 2 fawindu 6.20 uae
6.66 MuUAINU weldfianuuanasiueg1eiidedAey
nsafiianngasi 4 Tauviiiu 7.30 uazsanisUspiiiu
MIAUUTEANTNFUNAVDIA UGN YU NN UAIUYEY
Tnesau wansliiiuldn AzluuAINYeUlnESINYB
wandasidlEnusgnimaunugasi 3 fengeiian
Wiy 7.66 (p<0.05) itU3sutiisuiugnsmauny
3u 9 Wewnmsmawnlesungmu Uiuasesay 50
wWlUludunauvesasmavinlinsaiisav A
naunsen ldvauuansuiuly saurtdwalidnuae
edudavesdiSvaunsidnvariliuds wavwilea
auAuly Fadudnvagainunsouimunvaufui
Fuilnasensulusndndusigaiian WeiSsuiisuiu
gnsdu  aeandesiuauideues manua Feadans
wazAny (2562) TAANYINITNALNUNEY 1RI1U
TundaA U TN ALY WU AT R 191U
Fegay 50 dwalvuilnavausundnduaiqegn
dundu iledufa savi uaseuveulaesan (Table 3)

Table 3 Sensory evaluation scores of stevia syrup substituted — oat bars (0, 30, 50, and 70% substitution)

Samples Sensory Characteristics
(% stevia substitution) Color™ Aroma"™ Taste™ Texture Overall liking
Control (0%) 6.73+1.28 6.53+1.59 7.06+1.48 6.20+1.76° 6.73+1.32°
30% 6.50+1.81 5.96+2.07 6.76+1.92 6.66+1.93" 6.86+1.37°
50% 6.96+1.52 7.03+1.58 7.40+1.56 7.56+1.54° 7.66+1.59°
70% 6.63+1.45 6.63+1.40 7.10+1.68 7.30+1.53° 7.26+1.59°

Notes: Values are expressed as mean+SD. Means in the same column with different superscript letters, * are significantly

different (p<0.05); ™ indicates no significant differences between the values within the same column (p>0.05).
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e 4 gns ddrunandivioudu Idud 41180 a1
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Table 4 Color values: brightness (L*), redness (a*), and yellowness (b*) of stevia-substituted oat bars (0%, 30%,

50%, and 70%)

Samples Color values
(% stevia substitution) L a* b*
Control (0%) 48.19+0.12 0.59+0.01° 6.86+0.03"
30% 43.2210.01 1.06+0.11" 7.3120.03°
50% 43.97+5.67 1.150.14° 8.70+0.09°
70% 45.15+0.77 1.30+£0.01° 8.76+0.06°

Notes: Values are expressed as mean+SD. Means in the same column with different superscript letters,

*d are significantly

different (p<0.05); ™ indicates no significant differences between the values within the same column (p>0.05).

50% stevia substitution

70% stevia substitution

Figure 1 Appearance of stevia-substituted oat bars at 0%, 30%, 50%, and 70%
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Table 5 Moisture contents and water activity (aw) of stevia-substituted oat bars (0%, 30%, 50%, and 70%)

Samples

(% stevia substitution)

Moisture content (%)

Chemical Characteristics
Water activity (aw)

Control (0%)
30%
50%
70%

1.45+0.04° 0.25+0.006°
2.3740.12° 0.26+0.008°
2.92+0.04° 0.32+0.035%
2.89+0.03° 0.39+0.007°

Notes: Values are expressed as mean+SD. Means in the same column with different superscript letters,  are significantly

different (p<0.05).
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fifngetu (Ruriiiey walnduned wasilSen Saunvuud,,
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Table 6 Textural characteristics: hardness, springiness, summiness, cohesiveness, and chewiness of stevia-

substituted oat bars (0%, 30%, 50%, and 70%)

Samples Textural characteristics
(% stevia Hardness Springiness Gumminess Cohesiveness Chewiness
substitution) (N) (N)
Control (0%) 2509.26+1.01° 14.35+1.26" 15.44+1.35° 0.017+0.11¢ 140.61+1.55°
30% 166.85+1.7° 16.23+7.20° 18.81+2.66° 0.02120.09° 277.23+1.17°
50% 373.45+1.63° 19.71+2.80° 21.83+5.88° 0.032+0.04° 127.94+2.71°
70% 223.68+1.7° 22.6625.01° 23.5022.12° 0.045+0.03" 105.22+2.11°

Notes: Values are expressed as mean=SD. Means in the same column with different superscript letters, ¢ are significantly

different (p<0.05).

2. NavaINISANEIEAsIE Uil uzanlunisiasa
Tsfiudwdesvasdaineidraldnursnawnuledy
negmnuludnsdiu Sevar Sewaz 0 (AduAw) 10 15
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?fﬁﬁmﬁi"wﬂdwqmmvﬂuﬁmmmadw WINAY 48.20
ganndoatuAmududune (@) wazanuduiivdes
fuwldudutusuientu fadideglurag 1.09-1.47
way 7.50-9.76 mua1nu lnediatanududung way

dwidesgandnansmiuny JAwniu 0.57-6.87 awadu
(p<0.05) ilpa9ndnumeusinguesiusAudundosd
dundumdeadnies Fufnaindvesdundesiiiu
dsssurnAvesingAuiudu udiilorunszuiunsada
WsAuazdidnuwardindesiisouasaunaniusigaiing
yoslusAudundesd Inddnvazidudvvumdes
dntios (Fuitey faugyn, 2543) dethlusfudandes
snanaslunAnSusiFrauilulsinagd il
AN AR duduns wazdindeslluvudldy
dutudndes FadnwarUsIngeHansasics Table
7 uway Figure 2

Table 7 Color values: brightness (L*), redness (a*), and yellowness (b*) of stevia-substituted oat bars
supplemented with soy protein (0%, 10%, 15%, 20% and 30%)

Samples Color values
(% soy protein fortification) L* a* b*
Control (0%) 48.20+0.11° 0.57+0.10° 6.87+0.12°
10% 32.91+0.48° 1.09+0.16° 7.50+0.72°
15% 33.34+0.82° 1.19+0.06° 7.62+0.58°
20% 35.14+0.29° 1.35+0.01%° 9.00+0.03°
30% 45.96+0.30" 1.47+0.04° 9.76+0.16"

Notes:  Values are expressed as mean=SD. Means in the same column with different superscript letters, *9 are significantly

different (p<0.05); ™ indicates no significant differences between the values within the same column (p>0.05).
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20% soy protein

30% soy protein

Figure 2 Appearance of stevia-substituted oat bars supplemented with soy protein at 0%, 10%, 15%, 20%,

and 30%
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Table 8 Moisture contents and water activity (aw) of stevia-substituted oat bars supplemented with soy

protein (0%, 10%, 15%, 20% and 30%)

Samples

Chemical Characteristics

(% soy protein fortification)

Moisture content (%)

Water activity, aw

Control (0%)
10%
15%
20%
30%

1.45+0.04° 0.25+0.01°
2.35+0.13° 0.27+0.01°
2.38+0.11° 0.28+0.02°
2.90+0.05° 0.30+0.02°
2.95+0.03° 0.35+0.00°

Notes:

Values are expressed as mean+SD. Means in the same column with different superscript letters, * are significantly

different (p<0.05); ™ indicates no significant differences between the values within the same column (p>0.05).

311 Table 9 HaN15IATIEANAN YLD
duda ldun A1Auuds (Hardness) Araduganey
(Springiness) A1AIULATIBALUY (Gumminess) AN

g1z (Cohesiveness) LagAmusansLAE (Chewiness)
Aa8LA3 84 Texture analyzer YoINARAMINT1IEAUIS
naunulgsungvmnuasulusauduvaes lusnsndiu

NIANINTNEATTIUAY VN 25 alun 1 unsiau-Iquiey 2569



$o8az 0 (AUAL) 10 15 20 way 30 wuin Ll el
Usualusiudaundownnd uazdiwaldndndud
siTnIé”mmi‘ﬁLLmIﬂmaaﬁhmmLL%aamaa Imaamﬁ 2
(5ovay 10) ummwmmawam WU 528.51 T7Au
LuaLﬂiﬂULwaUﬂuammewuau q warilA1Auuda
Wouningnsaiuay Fafaninfyu 2509.26 a8y
(p<0.05) NNANITIATIZAAINITEALNIZVDINANA U
Fi3vauns wuin Wouusnalusiudmdssnniy
vdawaliAinisanivvesndndugisinianas lnaans
w@dulusAudundeagnsii 2 danisdanizgeiiae
wiritu 9.04 dadu WelFsuiisuiugasiaiudu o
aaﬂﬂﬁmﬁumﬁLﬂi%ﬁﬁmwiamﬂﬁ'ym WU 13L8R
miam‘w 2 umwumamimmama@ WU 325.90 JaRu
maamwammimau 9 LLa”Nﬂ’]ﬁﬂﬂ’J’lﬁGﬁﬂiUﬂu dan
Wiy 158.45 136U uaﬂmﬂuwamiaLﬂi'}wwmmm
gaveu uazgAraundeiniurowindueigasiasy
ans 2 davindu 14.95 uay 15.44 (p<0.05) losann
Tunsuit uusualusiudrluludrunaudsuiauin
delauaudeuainnisasiuawasannsivaiy

11

Zouupanisovdnalilusiudnsiniuannud uls
Aelulasead1agiuaunin uenanniinisiAniuse
lalasiaunielulassas1evesdrulsenau wae
Ufduiusuuuldveuthufuunumveslesdlugiue
faUssaIu azdaasunisas9lasesvneluse u-
a15lulawnse lesuviamidniidu plasticizer way s
Uszanu (binder) Frefinifiulusiuazoyniavesdilén
$lulassadrafeasuiliifaid oduiail Cohesive
1ndy ¥ lFnlgausilaseadrefiudause oz
warilioduaiudsusaumiuse 4sdnasiedoduia
YoIWARnT A RAIALLE e AnsEanisfiinein
anundaunsseniussmeluiindulugusieg1audn
liFeg1munsusiininszneufisegeazun
visaugnoenaIniu uazAszezauuiildlunisiaen
uasegeiitluveudslusnsinsiienfinadiaunseiis
aunsafiaznaulaiiananas (aaennsal Sudelsad,
2567, Foegeding, & Davis, 2011)

Table 9 Textural characteristics: hardness, springiness, summiness, cohesiveness, and chewiness of stevia
substituted oat bars supplemented with soy protein (0%, 10%, 15%, 20% and 30%)

Samples Textural characteristics
(% soy protein Hardness Springiness Gumminess Cohesiveness Chewiness

fortification) (N)

Control (0%) 2509.26+7.01°  16.14+3.51° 17.68+3.02° 0.01+0.11° 158.45+2.41°
10% 528.5142.39°  14.95+3.18" 15.44+4.69° 9.04+2.25° 325.90+2.30°
15% 448.61+2.19°  12.52+3.47° 13.84+3.66° 7.36+2.24° 207.79+2.15°
20% 301.33+6.18°  10.86+3.79° 10.93+3.43° 3.45+0.63° 130.76+2.11°
30% 295.55+¢1.10°  7.61+3.11° 8.42+3.15° 4.30+1.26 105.10+2.72°

Notes:

Values are expressed as mean+SD. Means in the same column with different superscript letters,

¥€ are significantly

different (p<0.05); ™ indicates no significant differences between the values within the same column (p>0.05).
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Table 10 Proximate analysis of stevia-substituted oat bars supplemented with soy protein (0% and 10%)

Chemical composition

Samples (% soy protein fortification)

Control (0%) 10%
Moisture content (%) 5.34+0.18 7.39+0.02%
Crude protein (%) 6.23+4.0 21.81£3.7%
Crude fat (%) 1.12+0.01 1.24+0.01*
Dietary fiber (%) 2.39+0.03 8.30+0.02*
Ash (%) 2.32+0.01 2.51+0.03*
Carbohydrate (%) 82.60+3.88* 58.75+3.73
Energy (kilocalories) 365.42+0.64* 311.89+0.28

Notes:

value.
d3UNan1339

nan1sAnwUsualesung v ensidiu
Jouar 0 (gnsAIUAN) 30 50 wag 70 lundndun
41318nu1s IngfnwinunImain1snaaeIn1sAniden
gnsuR35 U JeransAnwiuandliiiiuin fieauns
gasnawnulesyng 1w Sevas 50 dTavuuy
nsveusulaesngafian wazdiA1Audy Usinanh
dasy uardnwnioduiaimnzaufianalunisiily
Anwlunismaassdaly venainilunsindndug
F3vaurignsnaunuleiu Tosay 50 1vin1snsAny
§nsrdud imuizanlunisiasulusiud und eq
YoINanA U118 au1s naunulesuna1minu
Tudnsdau Sewaz 0 (AuAN) 10 15 20 uaz 30 WU
nanAuadisvavisnaunulasungvnuasulusiu
§undes §nsdau Tesar 10 TAzuuunITEaUSY
g ieduda uazauveulnesiugaiian den
USinmanudy LLawﬁmmﬁw%assaq’iumm%mmgm
YOIHARSUND IR Lazlimauuds Ansdanig
uazAnuensiAseglussiuiianyaniaiugnsia
fanlunisinwiadsd wanisAnwiesdusznouniaad
A aaudu sty Wshiu 18 leenms adlulawnsn
UAZAINAI9IU VOINARA Mg ausnaunulesU
v vuasulusiudundes Sevay 10 Wisuiiouiiu
gnsmuau wandbiiui ndndusidldnuisnauny
TedUngmnuasulusiudundes Sovay 10 fUSunm

Values are expressed as mean+SD. Mean in the same row with * is significantly different (p<0.05) from another mean
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