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leomsanudngndisesdanunia wazieailulsslovisoguain vuudlaududs
Jundndnsiomsidmieieanuazaniunsiidumeulaghidenisudunay nguszasd
mifeiiiiofnvinavedluomsatnanudngndisos (MNG) lurundsronisuzasnisoputl
Juhmavealnauaznglea uasAnwnaautiniamenimaiivessundsifnisusudsdaduna
vildduaniuazuilasion nansvaassuaniivunidlausudegnsiedy 1% MNG fUsinnsinnninvus
Hiloududegninunn muduressuntidautudsgrsnmuauivualdumsananiinirouatalaus
wdsgmsiasuloninns vuntegasiada 0.5% MNG uaz 1% MNG 7 dn1suvuddamduiian
isduni wagniadeudmmuuddndifssiuluiuiauvesergnisfving sunidaugudegns
iesuloemsyngmsfifinisududdadunamidua wagnilafeuiiuiinamealnaanas 66-88 %
uazngladanas 43-69 % WiowTsuifeuivruntsgasdafuiliiiumaududale ndosganssed

danaseuwuvaunuiaansgnsuluiovunlegasiaiy 1% MNG dusinadesnitvungasaiuay
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Abstract

Malva nut gum has viscosity and gelling properties suitable for health. Frozen dough
is a ready-to-cook food. This research was aimed to investigate the effect of extracted malva
nut gum (MNG) on attenuation of starch digestibility to maltose and glucose, and to determine
physicochemical properties of frozen-dough breads compared between dough frozen for
one week and one month. Frozen dough bread containing 1% MNG had higher loaf volume
than that of control. Bread containing 0.5% MNG and 1% MNG compared between dough
frozen for one week and one month had similar levels of bread crumb hardness on the third
day of shelf life. Frozen dough breads contained dietary fiber both frozen for one week and
one month had reduced amount of maltose 66-88 % and glucose 43-69 % compared to that
of control. The Scanning electron microscopy showed frozen dough bread containing 1% MNG

had less porosity of bread crumb compared to the control.

Keywords: Malva nut gum; Frozen dough; Bread; Digestibility; Scanning electron microscopy
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¥ o & A A W a & Ada | =~ & P Aa o a a a
sudrsesluisinuludfviuniuawandedeiuwazlcuanyn Jauiuilalugiaiaedy
[y = v 1 1 = a 2 v o d' % U

pyiuean@edld wu e a1 nin wnade wasnuludumneuld Useimalnenududsesunnideanin
Junys a3 wasnald aweilinunisugndudisesuentl wesnduiiwildaanfivis 10-15 Y
= < a < ° o < vy & | - ~ )
Fnsiiunandnudngndiseslunsausn wazasinuladasassludinfouiuinunasiuwiguvewny
o Y a o v vy & o \ | & a = ° < °
a1dudanINge 30-40 wRsTaReseliangnd1sesTrmaunsenuiuauIstudngndisesly
Pueiion1suslan Audises 1 sulinandnuangnd1ses 50-60 Alansu (Baird and Bounphasy,
2002) Lmé‘mqﬂﬁﬁaﬁmasﬂu family Malvaceae, genus Scaphium (luafin Malvaceae ’ngJfLu family
Sterculiaceae) gnén50edl 2 a@1uWus (species) Aw Scaphium affine (Mast.) Pierre 138031 d@1504
(wevegane) wanddnwaziduguaed Weazaredvibiaisazatedunta (mucilage) wunnania
nziuonvatlny 1y JIMIRTUNYS Sx809 wavaeus Scaphium scaphigerum (Wall. Ex G. Don)
G. Planch 138071 d15esngluan nunan1ald wanidnwaenay weavarsirviliaisazaredunia
NOAUAIS (WAWANA, 2550; Phonsena and Wilkie, 2008)

LﬂﬁaﬂﬁuuaﬂqmmmﬁmqﬂﬁﬁmLﬁaéfﬂuﬁ%ﬁam wul1 wossnzilunquuaznszany
Tuin vihlansazareddnvazduranasdunia ihundauazdmiioduesonuiignd15eads
lisuaruiien nsadaloaimsanidenduuenvenudngndisedsisaisazalenis nuindean
Audulaa (Young modulus, G’) witaudwfisy 10 windewSeuifiauiuiag eaf uingndises
AMILIUTULA LN UNTIUUIENIINITAN LT BI9INEITALANUANNFANUSTUNIRAYIN A INUNSA uronic

. a [ A < < o ] =

waz galactouronic luluanavedlgomsiainaniuienduuenveuudngndises danalvlill
MsNanUs¥RsEniedviavansuaziignazany Joiliensazanefinuduaiindu (Sad, 2552;
Srichamroen and Chavasit, 2011) nsthwaagndrsesluldusslevilundadusionmsiegluguwuy
solid matrix aldnainuane nsfiansadenldleamsiiadnanuangndiseslundndusionms
a9 §3defa15n197n 2 Uade fe 1) nandusiowmnsviladudiledudannesiannnsaiiule
AuRuaudanisgaduiivedleens uaz 2) msilundndusionmsnidnisuslaadulssaie
I a & YV Y al & vaov o =3 I a v g [ 1
Junisiiumadenliiuguilaa dafidedianuiuinvunteldnuvauensaelsensdaina

nsudnvundafitunsunisdule (dough) newdtmieuiierliiduvuudean Tssu
gaamnssuomslunivelsUuazeiuinudnlauguds (frozen dough) Tinguszasdiiioanduneou
ansraznalasUssndandanulusesunsiisoumas T URAALUNDS S NS UTDLALILT S HART LAY Wi
Wundadugianisnsmuiedmsuainuazaintunisiildeulaglidsanssudiunay 819158031
ready-to-cook food fuUslnmanmnsatlaududadnaneuiiesulsemurundegnlndniunaiasain
A v a g @ P ¢ ' - & o
N90an15Ustaa wonantd nMswdudelafiUsslovdvaigdsens wu awnsadaoigmsinuine

wazmuaunanvewuNtuiiaineu sglsinu lawduddideunnsosunussmsfe srumngnu
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(gluten network) elastasny waddaddouanmnisvhaudeiuinulaluan1izanmgiaiilias
v & & 5 st % ] A o [ 1% A
nsinnuuiaasveulaeenlenlulaswadavessiwmngwy Waihlawgudaddevaslavuudegn 7d
UTu1ns3tnie (specific volume) anas vundavianudangu (springiness) wagti avuuiy
fiAuuda (crumb hardness) WisAiu (Jia et al, 2017) sAdenateduiinsimuigassuutalawgud
Waunledgmeanan druwaiesldlugasvuniede ngu (guten), 8dadllioss (emulsifier) uay
lalnsmoaanyn (hydrocolloids) (Rosell and Gomez, 2007)
lassasevesnedugnnilsn (polysaccharides) Hdiuusenauvesmylansenda (hydroxyl
groups) @111350d v uszlalasauduluanauilaidueg19f 19y wguwnudy (xanthan gum)
anunsadariusrsevilaanaihiulusiuluuteand hessdlasaiiesiunngnu (gluten network)
Tulasgninafuinwlugamaiiuguds vlidiudiunaniuasdninuuiaaisuentaeenledlulawguds
e uUsumsvesvuntagn dmsuiidu (guar gum) arursadesduanigvialuianain
(dehydration) lulaseasnesnuvnginu wazylgannisaiivesUsinsvundean loemsigaglasa
a | ) s | < =
¥ila carboxymethyl cellulose ¥asann1sgaytdelutanaurlulauyuds loomisasiduuuy
(carrageenan) anansaduiiuseAiulusiungnilu (glutenin) Feiiuanuaunsan1sguinlulanazan
mandeuiiveduanaundasy Juilaanisgaydeluanainnniauwduds (Feng et al., 2020)
NuIdENwMNuNIaaesiofigalauufignses msudulilavesvunlgasiasuloaims
afnnudngndisesdunamisdlamiuasuiiafiou Wi laugudaduaevvuntslnuauda
manenmuaziaiiildsunlamsield wagillethvundmageuaiseulyl o-amylase leainisann
=3 ° a 1 & 1 1 [J Yal A
Pnaagndrsesiiegluilevuniadisvzasnisdesluananlaihliivinnaanasveduianavealaa
waznglea lnawUSeuiisuivvundgnsaaduiliiiunisududals danuideimmvuaseninvuni
gns Fresh wazvuudigasauduiiugudsln Jeuideiiimnuaioninaunslauwyudagnsniva
s, Xa

ATeifvuntegasiasudaiu (guar gum) ey positive control Lo ndunAuuIde

[
a

vaneduludniveasuazuywduanainmiuiinuauiRveaensnfounveduananglaalualdian

aUnIalLazIsNs
AnAu
Lmﬁmqﬂd’ﬂﬁaﬁaﬂmmmmamiu%’wi’maq% udegudngnd1soawiesnunanng
Herbarium 7101A391373n81 AMEAneImans uvinerdoulsms Tnegriemansnansd s uad
WY FYaenug Scaphium affine (Mast.) Pierre 1@uaAuuad voucher specimen No. 003567
wéngndrsesgniunadalasuaufenduueniiiudaaveswdngndrsesliiouinoynia
0.5 fiadiuns (humzunss mesh size 0.5 mm) thrawdngndrsesudluthndudiesamdiuieoii

1:100 (w/v) drluanelugsdnmuauaamadl (water bath) Aulviidemdunian 1.5 49lus wielvins

Volume 20 Issue 1: e0200101 4/24



A D1SANSINBOSUISFIIS

navaslgamnsanandisasrovuudelanainds
ISSN : 0859-3027 Y

ISSN (Online) : 2730-356X

wlngndrsosazatsied wauysal andurihliifuasaufsgamnfivies (Ussana 30-31 oen
waldya) Wuansazate NaOH aandiudu 0.5 mol/L aulitazanefigumgiivesduian 10-15 und
{fiu absolute ethanol fe8nsndau 1:1 (V) dei alinidsAuiil elfounraloomsnnagnou
ihagnauazatslinduuazsu pH 7.4 hlunses wazthdrunznouluvlvuisdedsvauson
gunfl 60 asmuaidua aunsetuliiAuiesas 8 uangnaulsiinumeynia 100 lulasiuns
1A8SDURNIURLLATY mesh sieve (Srichamroen and Chavasit, 2011)

arsainnvia teulesl pepsin wag O -amylase AluenAdody analytical srade §3do
1AUIUN Sigma Chemical Co. (St. Louis MO, USA) Dialysis membrane (molecular weight cutoff

of 12,000) &9%091nUSTM Membrane Filtration Products Inc. (Texas, USA)

rivunts

ansvunilailfifunduauaulueidde fdmnauudsand 60 nfu dhudundos 3.5 niu
fa 1.5 ndu inde 0.5 nu thimanste 0.5 n¥u 1 34 ndu sundsgrsiiinisafiloomsiidunan
wilaufiugnsuuntenguaiuay ennlunismaunuidsandnisleoimsludiunaingy vuudeans
wsuloamsuuaiu 3 ans A 1) dariu (guar gum) YSunas 0.5 n51/100 n3u 2) Tvarmsadnain
wangndises Aeluiiundn Malva nut sum (MNG) USunas 0.5 n$1/100 n3u uaz 3) MNG U3ua
1.0 n31/100 n3u Ingloarmsynadaazaisiegsauysaideufsludrunant e osan
Tvownnniudngnadrsesgaduiniiasnalurisnisevsuntly suuiligaaaiy MNG Jaiiusuan
Wiungasdudn 6 nfu iedesdunisvaluanaviluganisiaunlassaiiesaunngnu
(Foyanneiddeiiiiuinues Srichamroen, 2014) dunauiaunvasiiargasvuniaalidiiy
wazdueunauzeniila (dough) thladmougumad 40 esmuwadea arwduduinssosay 90
audunan 2 Halua ﬁﬂﬁtﬁumﬁqmmﬁﬁm usslatugananadnuia Inalwsiiau (polypropylene)
thluusudefigaumgdl -20 sseniwa@eaduna 7 5u uaz 30 u mudiy

dlonsutmunnaududs thlneenangudufeseliflgamnd 30 ssriwaidoa uarlndnads
Thdrunamdfunasdaimindeuss 210 31 Msvuamawauaadmivrunis (Ame17 19
WURLLAT NI19 8 LYURLIAT g9 8 LyuAwns) Widumeuvuuds (U3tMnEathly NTUNN) QUUAA
170 psmiwadea 1uan 20 wnil dhvunisgnainaneusiliifuasiigaumgil 30 esrwaidea
Uludimsgdaudfniinisamuazad dmsunisdnwetgnisiiuinwvesvuuds ussguuuds
lugananasinytin Indlnsiiau (polypropylene) Lﬁuﬁqmmﬁﬁauﬁunm 3 fuifielisgiauth

NNYAINLAZLAL]

U7 20 atiufl 1: €0200101 5/24



NARESUAN AGRICULTURE

JOURNAL Effect of Extracted Malva Nut Gum on Physicochemical Properties
ISSN : 0859-3027

ISSN (Online) : 2730-356X

anugeunts Ysuasvuuds uasdsunasdumig

Jinszraugevesvunilsgndiegunsal calibrated calipers lnginaingaf snansves
Aouvuuds Jmsiziusumsvuniedn (loaf volume) saensldiudn rapeseed tiualuudinm
fifivuatieananeld anduthiudn rapeseed ildnszuanmaitesuunsvesusdsgnlasiiviae
\udaddns muis AACC approved Method 10-05 (AACC, 2000) A1USu1ASTINE (specific

volume) Aan1sAuUsSuInsvasuutlnsaeuunvasvuuda

ANUSUINTI N = Usumsvasvunds (mL)

Uninvesvunds (g)

&
AMUTUVDIVUNU
\Wovuutldiuiiogfena1svesn auvunt e drnvin I dududn e As12wiAIAuTY

Y

vasuuutaseiiaseuansau (hot air oven) guvgil 105 ssmisaldea e 12 4l

anuudevoaiovuntls

ovuntladuiegfsnarsvesdouruuts dunfudud usuianie o1 g9 duay
2 LGURLUAT TLATIEW A 28LAS B9 QTS Brookfield Texture Analyzer (Middleboro, MA, USA)
Tnoimualinaidevuntisdndosay 40 vesaugvunils fvurm compression load 25 Alandu

M8AULET (cross-head speed) 60 dadlunsaoundl (Srichamroen, 2014)

n1sgesudsluvuutegn vinlunaaanaass (In vitro digestibility of starch of bread)
aAteilifunsdsunuuuasdnulasuisdiu (partial simulation) nviquiimsgoseims
Tugeneuywd Tneuinuievunieiisudlsanaysanm 40 ndu ldluansazans sodium phosphate
buffer (pH 6.9) ALY 1 Tuasedns (Symons and Brennan, 2004) L@l pepsin U3unad 5.75 ¢
an doudls 1 n¥u Tnam HOL Ysuansazanestanualsd pH 1.5 1dludrahamuauaumafiuuuiug
(shaking water bath) muauguvigdl 37 ssrigaifea Wua 30 undl nduldansazanedudy
NaOH USuansazanes sl pH 6.9 1Yl porcine pancreatic O-amylase Ui 110 giinfauts
1 30 udrnhdruwautanualdluga dialysis membrane waginlulalurangusay (Erenmeyer
flask) 7ifitinndu (deionized water) U103 250 fadans awﬁumgﬂwmudwﬁwmmmqamqﬁ
wuuLen AUAugAvgl 37 ssmwaidea 1duan 3 $alus Tagyn 15, 30, 60, 120, 180 unil

aeansarareneluvinguruyUsies 2 Saddns ieiilviinseidsinungleaiazuealas
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Aaneidsinunglaauasuealag
thansagansnuanguraylusraiauaugumadnuuedanddisiu Jnseiiin
ﬂqiﬂaLLazuaaImaé’wm%"aa HPLC (Shimadzu, Kyoto, Japan) 1A8NTBIANTALAUHY filter YU
0.45 lulasiuns wazldusuns 10 lulasdnsdadnases HPLC fAaduy Inertsil® NH, 5 um,
dimension 4.6 x 250 mm aedwlandeuiiiduaisazaronay CH5CN/H,O 8915782 75/25 A1uun
§avlva 1.0 Tadansdound Agumgil 40 sarwaldea 1ades HPLC Usenausne refractive index

a

detector @anunsaliAszviUTinuleegn (detection limit) Aisgsu 0.01 dadluarefing

névsganssAUBianasauuuawnuile (Scanning electron microscopy, SEM)
LﬁyamuuﬂqqﬂﬁmﬁuS‘EyuLﬁmNuummaqﬁLﬁauﬁ'ﬁmi‘uawﬂuﬁlﬂmﬁ'mﬁﬁmyzym
(conductivity) a1ndauuuiiegiu waziluaiunesdn (sold) #2843 04 Sputter Coater Model SC
7620 (Quorum Technologies Ltd., UK) 91ntfutinil svuatsfiarunesildidnuaias scanning
electron microscope (LEO model 1455 VP, LEO Electron Microscopy Ltd., Cambridge, England)

AMUANIAY 10 kV of electron beam-accelerating voltage.

AATIEAEDA

MeAeilunuider 3 41 nanimesssuanaduaiadsuardrudsiuunasgn
AMSERA Ll UTILATI SPSS Statistics 17.0 for Windows A13tas1z3a14 ¢ Tusuidulaaia ANOVA
LAY ILATIEANULANANITENINNENNARDINEY Student-Newman-Keuls (SNK) fiszfiunmidiosiu
P<.05 dmsuAndasevinglaauazuoalnaldaii Repeated Measurement ANOVA wag3iasney

ANUUANAINTENINNGUNAGBINY SNK WszAuaAIgeiy P<.05

NANIIVNAADILALBAUIIUNE

Ysumsvundegn wasusunnsinmag

nsutudalneradsnaliivunilgniiuiinsanas Famsududaduszeznaruuazdsmae
nsanUsuasndy Wesninseninnisududaln luanadlulaAandntuds Gce cystal) uas
naideuiivedluianatioonanlassaitsiaunngiu (gluten network) vilwlassadssauvngunn
fdnsunnds dawalsiisfauds (starch granules) Aanewused Sudulasaasnessunngny sivle
yundegniiusunsg (loaf volume) anas (Rosell and Gomez, 2007) wazddHalyuIuinsdnniy
(specific volume) anas (Mezaize et al., 2010) AnAADIRUNANITNAAESlUATIT 1 wag 2 WUl
yunillautudsgrsmuauianuguazUmsanandeniouisuivruigasnuauiliutudda

(Wialui3end gns Fresh)
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yussgnaiatuifuiududsladunamilsduai (Table 1) fiunsanauilewIeuidiou
Auvuuegns Fresh snciuruudegasiaia 0.5% MNG fUuasindiAvuwazansiasy 1% MNG
fUsmmsdindudowToudouturuntiegns Fresh uagnuitaundlagnaiady 1% MNG dUsuns
snnIvuntegaataii 0.5% MNG uansi MNG Usnaufisduannsaduiussulianathldunndu
F9o19tvanmudemeveslassaineumngulutiausnvesmsududs Wethladuneurunds
Tnannsavneduiinduluseninaniseu aonadastueuidoes Park et al. (2016) Anansily
9913 Fructo-oligosaccharide wag Isomalto-oligosaccharide etaiuAINEE N8V ILATIAIS
Sraumngunlutiasufuvesnisududsle vilivusdsgnaiaiuloomnsiiuiumsinnninvunisgns
AIUAX

nsiseuigulTunsvesrunteaneialiauisonansnnuwandanatedade Fadeuld
N13UsEuBUAEAIUTUINTILNTEY (specific volume) TnaduinuIunsvesvundagnmseig
dminvesvunts §eanunsauansanuuanaialdaeatadeieuiinsuazuiminyessunts

a v o A

Han1sneaewansIvunlegasiasuiiniuiivsinasiesninvunlagns Fresh agrailfyddynneada
(Table 1) usivundsgnsiasuimiuiiaysunsdimzuinninvundeans Fresh sgaiideddgymneada
(P<.05) 1l peRnAadudauaudan1sdunuseluanawii ad il evuadanizduiy
P LY =2 Y 1 a v v oA v < 1
waziumdnvuntannisdidvuntaesiasuiituisuanvuzatgusnianniivuuteans Fresh
dmsuruutslaududsgnsiady 1% MNG ZUsuinsuinndtvundilaugudigasaiunu (Table 1)
warundalaududegasiasy 1% MNG fa1Usuinsdnnizdesnitvuudslautudgnsnivay
vl esanvunddautudsgasiasy 1% MNG Juindnuinndisuutalaududegnsaiuny
wana31leoImsana 1% MNG aunsadaiiusgluanaulauin vilivuudadivsuinsuazumin
! [ = a v A = = [
wnnd unddlaududeansaivny Kanisnaaesdnuslunmaieitudooumiourundadausuds
gnsiasu 1% MNG uazvunlagns Fresh nulnvunlaisaesgasiivsunnsuazUsunasiumelnaifes
[ = = [ 1 = 2/ ! ! [
i Fauswileemsain 1% MNG Yrganaudemevadlasaiaiawingmuluseninanisuguds
Indunamisduaiinliidevuntadinisveeduasiuminvesuntgnlndifssiuruudegns
Fresh #ilasun1suguiln
a ~ 1 < = & = a a :2’1 d'
vuutdegasiasuleomsiugudadaduamiwiou (Table 2) fUsuasiiudwiile
Wisuieudvvundsansaiuleomsviaderduiugud daiduami duad (Table 1)
% ] o 3 = S P °o g v A A
gy unlalaududsgnsauau iWendudaauudulunamiusowilivundadisninsanas
Ue¥iinleamsluansvunddaiussluanauilaunn Feigasanimvesusuinsvesvunteantag
P19 HBNIINNTIVTUsEIEnIslanavadloa I suazluanain duilvlailuanauidaszanas
Jalieudundniiuddluanensiusnelafigamaiutuls dwmabiananudenevedlasasng

FuMNguL wazlnandenseruansainiivuianisuesulaeanledlilulassasiasumngnu
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dmsuvuntslawdudsgasasuiadud outuddadunamiadoud Arusuinsvundad vy

1 a o = = = LY a o o 4 [ = o 3 =
LLG]&J?’]’]ﬂi?,J'miﬂ’]LW’waﬂaﬂLiJ’e]L‘UiEJ‘UL‘V]EJUﬂUGUU?,J{jQEj{ﬂiLﬂﬁJﬂ’JﬂNVILL‘ULLEUQIWWU\‘I?{UW]% 919U BIYN

v v A va v o

MiudnuaudRduiuseiuluanauwsiilassaiednuae entanglement network vinliilavuuds

9

e

o Ly

ngitukiudiininvesvuudanuduiinningnsdy wivsuinsvesvundaldveadingy
281 duUdNIdIU 399 1AAIAIUIUVEIUS LUINTIUNIZAARY NANISNAADIUIT1 Tea1usiafy

ylivuuthdlusuinswazinviniuduilswsuddauiududunaiasiou

Table 1. Physical properties of fresh, control and gum-containing breads after frozen dough

for 1 week.
Breads Height Loaf volume Specific volume
(cm) (mL) (mL/g)
Fresh 7.85 + 0.03° 730 + 7.27% 3.80 + 0.07°
Control 6.63 + 0.09° 720 + 2.82° 4.26 + 0.03°
Guar gum 5.17 + 0.08° 705 + 6.08° 4.18 + 0.05°
0.5 % MNG 6.29 + 0.21° 720 + 4.24° 3.75 + 0.07°
1.0 % MNG 6.50 + 0.17° 740 + 5.15° 3.92 + 0.04°

Data present as mean + standard deviation.

o< different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum
means frozen-dough bread supplemented with guar gum 0.5 ¢/100 ¢ concentration; MNG means frozen-dough
bread supplemented with extracted-malva nut gum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 g

concentration.
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Table 2. Physical properties of fresh, control and gum-containing breads after frozen dough

for 1 month.
Breads Height Loaf volume Specific volume
(cm) (mL) (mL/g)
Fresh 7.92 + 0.25° 740 + 6.95° 3.91 + 0.05
Control 7.14 £ 0.17° 680 + 2.94° 3.76 + 0.02°
Guar gum 4.74 + 0.55" 741 + 9.89° 3.73 + 0.03
0.5% MNG 5.55 + 0.18" 780 + 16.97° 4.17 + 0.06°
1.0% MNG 5.61 + 0.38° 790 + 26.76° 4.29 + 0.04°

Data present as mean + standard deviation.

b different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar gum 0.5 ¢/100 ¢ concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut gum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 g concentration.

&
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Table 3. Moisture contents of fresh, control and sum-containing breads after frozen dough for

1 week.
Breads Moisture content (g/100g)
Day 0 Day 1 Day 3
Fresh 41.21 + 0.28™ 39.54 + 0.83° 37.15 + 0.18°
Control 38.63 + 0.75° 34.78 + 0.93° 32.65 + 0.28°
Guar gum 40.84 + 1.31> 39.98 + 0.48° 38.53 + 0.49°
0.5% MNG 43.63 + 0.89°° 43.41 + 0.23° 41.78 + 0.15°
1.0% MNG 45.49 + 1.11° 43.24 + 0.39° 42.54 + 0.28°

Data present as mean + standard deviation.

=9 different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar gum 0.5 ¢/100 ¢ concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut gum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 ¢ concentration.

Table 4. Moisture contents of fresh, control and gum-containing breads after frozen dough for

1 month.
Breads Moisture content (g/100g)
Day 0 Day 1 Day 3
Fresh 42.37 + 1.95° 40.54 + 0.42° 38.15 + 0.09°
Control 37.17 = 1.81° 33.35 + 0.38" 31.89 + 0.57°
Guar gum 44.41 + 0.75° 44.14 + 0.28° 42.02 + 0.43°
0.5% MNG 42.16 + 0.25° 40.45 + 0.39° 39.75 + 0.35°
1.0% MNG 44.08 + 0.21° 42.32 + 0.15° 41.75 £ 0.22°

Data present as mean + standard deviation.

¥ different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar sum 0.5 ¢/100 g concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut gum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 ¢ concentration.
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Table 5. Hardness of fresh, control and sum-containing breads after frozen dough for 1 week.

Breads Hardness (newton, N)
Day 0 Day 1 Day 3
Fresh 7.82 + 1.22° 17.92 + 1.95° 20.25 + 0.35"
Control 6.24 + 1.36" 16.75 + 0.35° 21.75 + 0.07°
Guar gum 6.10 + 1.41° 11.87 + 1.21° 17.94 + 1.27°
0.5% MNG 5.83 + 0.89° 10.43 + 0.56" 17.26 + 1.69°
1.0% MNG 5.34 + 0.62° 9.61 + 0.84° 18.85 + 1.23°

Data present as mean + standard deviation.

¥ different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar gum 0.5 ¢/100 g concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut sum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 g concentration.

Table 6. Hardness of fresh, control and gum-containing breads after frozen dough for 1 month.

Breads Hardness (newton, N)
Day 0 Day 1 Day 3
Fresh 8.05 + 1.24 18.24 + 1.55% 21.45 + 1.23°
Control 7.61 +2.26 20.21 + 0.25° 2337 + 0.32°
Guar gum 8.13 + 1.59 15.97 + 1.26" 18.33 + 0.37°
0.5% MNG 8.40 + 1.96 14.05 + 1.41% 16.89 + 1.34
1.0% MNG 7.88 + 1.34 12.74 + 0.99° 16.21 + 0.02°

Data present as mean + standard deviation.

=9 different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar sum 0.5 ¢/100 g concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut eum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 g concentration.
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Table 7. Maltose contents in dialysate of in vitro digestion in bread after frozen dough for 1 week.

Maltose content in dialysate (mmol/L)

Breads
15 min 30 min 60 min 120 min 180 min
Fresh 3.87 + 0.07° 4.11 + 0.09° 4.46 + 0.36° 4.72 + 0.25° 5.16 + 0.23°
Control 0.52 + 0.03° 0.72 + 0.04° 0.87 + 0.06° 1.38 + 0.09° 1.56 + 0.14°
Guar gum 0.51 + 0.04° 0.88 + 0.07° 0.87 + 0.09° 1.35 + 0.01° 1.44 + 0.19°
0.5% MNG 0.59 + 0.09° 0.73 + 0.04° 1.00 + 0.07° 1.34 + 0.07° 1.55 + 0.15°
1.0% MNG 0.63 + 0.05° 0.79 + 0.05° 0.97 + 0.05° 1.51 + 0.04° 1.76 + 0.13°

Data present as mean + standard deviation.

> different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar gum 0.5 ¢/100 g concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut sum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 g concentration.

Table 8. Glucose contents in dialysate of in vitro digestion in bread after frozen dough for 1 week.

Glucose content in dialysate (mmol/L)

Breads
15 min 30 min 60 min 120 min 180 min
Fresh 3.01 + 0.15° 3.31 + 0.42° 3.75 + 0.16° 4.03 + 0.38° 4.38 + 0.17°
Control 0.98 + 0.03° 1.04 + 0.04° 1.18 + 0.09° 1.27 + 0.15° 1.26 + 0.09°
Guar gum 1.07 + 0.03 1.54 + 0.29° 1.59 + 0.14° 1.61 + 0.14° 1.73 £ 0.11°
0.5% MNG 1.19 + 0.04° 1.19 +0.13° 1.22 +0.03° 1.27 +0.11° 1.35 + 0.06°
1.0% MNG 1.18 + 0.06" 1.26 + 0.08" 131 + 0.15 131 + 0.02° 1.37 + 0.08°

Data present as mean + standard deviation.

¥ different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar sum 0.5 ¢/100 g concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut eum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 g concentration.
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Table 9. Maltose contents in dialysate of in vitro digestion in bread after frozen dough for 1 month.

Maltose content in dialysate (mmol/L)

Breads
15 min 30 min 60 min 120 min 180 min
Fresh 369 +0.17° 3.91 + 0.23° 4.57 +0.15° 4.92 + 0.25° 5.25 + 0.27°
Control 0.44 + 0.14° 0.57 + 0.08° 1.11 + 0.13" 1.33 +0.14° 1.66 + 0.14°
Guar gum 0.51 + 0.05° 0.66 + 0.06" 0.91 + 0.08™ 1.48 + 0.19° 1.94 + 0.09°
0.5% MNG 0.59 + 0.15° 0.60 + 0.11° 0.72 + 0.03° 1.60 + 0.11° 1.79 + 0.06°
1.0% MNG 0.61 + 0.13° 0.76 + 0.14° 0.85 + 0.05™ 151 +0.15° 1.83 + 0.05°

Data present as mean + standard deviation.

¥ different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar gum 0.5 ¢/100 g concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut sum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 g concentration.

Table 10. Glucose contents in dialysate of in vitro digestion in bread after frozen dough for 1

month.
Breads Glucose content in dialysate (mmol/L)
15 min 30 min 60 min 120 min 180 min
Fresh 3.42 + 0.28° 3.63 + 0.19° 3.98 + 0.14° 4.27 + 0.17° 4.56 + 0.18°
Control 2.14 + 0.03° 2.24 + 0.15° 2.35 +0.18° 2.61 + 0.05® 2.75 + 0.01°
Guar gum 2.11 +0.03" 2.14 + 0.13° 221 +0.13° 1.43 + 1.27° 2.64 + 0.15
0.5% MNG 222 +0.13° 2.29 +0.16° 247 +0.17° 2.43 + 0.04% 2.63 +0.13°
1.0% MNG 1.95 + 0.04° 2.01 +0.18° 2.16 + 0.09° 2.20 + 0.16™ 2.36 + 0.02°

Data present as mean + standard deviation.

b different letters following means within the same column indicate a significant difference at the P<.05
level. Fresh means bread without frozen-dough treatment; Control means frozen-dough bread; Guar gum means
frozen-dough bread supplemented with guar gum 0.5 ¢/100 ¢ concentration; MNG means frozen-dough bread

supplemented with extracted-malva nut gum: at level 0.5 ¢/100 g concentration and 1.0 ¢/100 g concentration.

1’4 fa « a . .

ndvsganssAUBIanATaULUUELNUTS (Scanning electron microscopy, SEM)
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A [ < ~ o 3 . N 1 a [y 1 L]
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Figure 1. Scanning Electron Micrographs (1000x) of fresh, control and gum-containing breads

after frozen dough for 1 week.
(A) bread without frozen-dough treatment; (B) frozen-dough bread; (C) frozen-dough bread supplemented
with guar gum 0.5 ¢/100 g concentration; (D-E) frozen-dough bread supplemented with extracted-malva nut

gum: at level (D) 0.5 ¢/100 g concentration and (E) 1.0 ¢/100 ¢ concentration.
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Figure 2. Scanning Electron Micrographs (1000x) of fresh, control and gum-containing breads

after frozen dough for 1 month.
(A) bread without frozen-dough treatment; (B) frozen-dough bread; (C) frozen-dough bread supplemented
with guar gum 0.5 ¢/100 g concentration; (D-E) frozen-dough bread supplemented with extracted-malva nut

gum: at level (D) 0.5 ¢/100 g concentration and (E) 1.0 ¢/100 g concentration.
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Figure 3. Scanning Electron Micrographs (1000x) of fresh, control and gum-containing breads
after frozen dough for 1 week, and digested with porcine pancreatic Q- amylase for 180 min

in a dialysis system.
(A) bread without frozen-dough treatment; (B) frozen-dough bread; (C) frozen-dough bread supplemented
with guar gum 0.5 ¢/100 g concentration; (D-E) frozen-dough bread supplemented with extracted-malva nut

gum: at level (D) 0.5 ¢/100 ¢ concentration and (E) 1.0 ¢/100 ¢ concentration.

Volume 20 Issue 1: e0200101 20/24



21SASINBAOSUISFIDS

navaslgansananansassavuniln LL“leL%Q
ISSN : 0859-3027 u
ISSN (Online) : 2730-356X

m“ EHT=1000kv  Scan Speed=8 Sigral A= SE1 Fill= 2660A
Mag= 100KX W= 10mm Spot Size = 300

= s
EHT=1000k/  ScenSpeed=8 Sigral A = SE1 Fil= 26694 fﬁ"‘ EHT=1000k/  Scan Spesd=8 Signal A= SE1 Fill= 26604
Mg 100KX WD~ 10mm Spot Size = 300 Mag= 100KX _WD= 11mm Spot Sze = 300

{

m EHT=1000k/  Scan Speed=8 Sigral A= SE1 Fill= 26604
Meg= 100KX _WD= 11mm ‘Spot Sizs = 300

st A £
Msg= 100KX WD= 11mm Spot Sz = 300 ‘

Figure 4. Scanning Electron Micrographs (1000x) of fresh, control and gum-containing breads
after frozen dough for 1 month, and digested with porcine pancreatic - amylase for 180 min

in a dialysis system.
(A) bread without frozen-dough treatment; (B) frozen-dough bread; (C) frozen-dough bread supplemented
with guar gum 0.5 ¢/100 g concentration; (D-E) frozen-dough bread supplemented with extracted-malva nut

gum: at level (D) 0.5 ¢/100 g concentration and (E) 1.0 ¢/100 g concentration.
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