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ABSTRACT

The gel strength and textural properties (hardnasd springiness) of 1% mixed gum gels
(konjac flour:secondary gum = 3:2) prepared withdanithout added sodium chloride (NaCl)
and soy protein isolate (SPI) were investigatedfagtorial design with three factors
including NaCl concentration (0, 0.5 and 1%), SRIncentration (0, 0.5 and 1%) and
secondary gumskfcarrageenan, xanthan and gellan gum) was appliéek change of mixed
gels properties was mostly influenced by NaCl cotraéion. Increasing of NaCl resulted in
the increase in gel strength and hardness of kdrjaarrageenan and konjac/gellan mixed
gels but not in the konjac/xanthan mixed gel. Tekesgrength and hardness produced by
konjac/gellan gels were higher than the others.rélweas no significant difference (p > 0.05)
in springiness of konjac/xanthan mixed gel undeteaddNaCl and SPI conditions, whereas
decreased springiness values were observed foa&@rgarrageenan or gellan mixed gels
with increasing of SPI addition.

Key words: Konjac flour, gel strength, textural property,ceedary gum, soy protein
isolate.

INTRODUCTION

Konjac flour or konjac gum, a neutral polysaccharigroduced from the tuber of
AmorphophallukonjacC. Koch, orA. oncophyllusis mainly composed of a high molecular
weight glucomannan in which D-mannose and D-glucosigs in a ratio of 1.6:1 are
connected by3—(1, 4)—glycosidic linkages [1]. It was classifieal generally recognised as
safe (GRAS) for use as thickening and gelling agemtfoods. The gelling properties of
konjac flour are affected by many factors such ateoular weight of konjac flour, acetyl
group content and impurities [2]. Konjac gel canfiwened, either by deacetylation in mild
alkaline solution (i.e. calcium hydroxide) to gehard and brittle gel or by interaction with
secondary gums such as xanthan gunx-garrageenan to produce a more elastic gel,
depending on types of food products and produgengose [3—4].
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Gel property of konjac flour in processed and commece foods and gelled systems is a
major factor that affects the structure and pemxbitexture. Since foods are almost
multicomponent, many interactions between differammponents occurred such as
polysaccharide—polysaccharide interaction or palgsaride—protein  interaction.
Consequently, the ability of konjac gel to exhilmgidity and elasticity seems to be a function
of type and concentration of secondary gums orgaagharides, type and concentration of
proteins, temperature and time of heating and istrength in the system [5-6]. In addition,
the phase separation of mixed polymer systems extral properties are dependent on
processing temperature, polysaccharide and pra@ment and salt conditions [7]. These
factors would affect konjac gel formation and pmbies that need to understand for better
food formation in the production of low—fat foodopucts or fortified foods.

So far, the finding of variables affecting the kampel is limited. Huang and Lin [5] revealed
that gel strength and textural properties of korgats gelated in alkaline conditions were
affected by hydrocolloids, pH and added salt. Niéndess, the influence of variables on
konjac gel properties gelated in another methothtgracting with secondary gums is scarce.
Therefore, this research was carried out to detexrtiie effect of salt (sodium chloride), soy
protein isolate (SPI) and secondary gumsdrrageenan, xanthan gum, gellan gum) on gel
strength and texture (hardness and springiness)rgac gels.

MATERIALSAND METHODS

Materials: Konjac flour @A. konjag¢ (Chengdu Newstar Chengming Bio-Tech Co., China),
k—carrageenan (MSC 5744, MSC Ltd., USA), xanthan gBLTROL®, CP Kelco, San
Diego, CA, USA), gellan gum (KELOGE], CP Kelco, UK Ltd, UK) and Soy protein isolate
(SPI) (PRO 500 A, Vichi Enterprise Co., Thailanddan analytical grade sodium chloride
(NaCl) were used.

Gel preparation: For all experiments, the concentration of total edixgum (konjac flour
and secondary gum = 3:2) was fixed at 1% (w/v) lledkemixed gum, NaCl and SPI were
gradually added into distilled water and constastigred for 10 min using a magnetic stirrer.
The mixture was heated at 2@2°C for 30 min in a water bath with stirring (corengerature
was reached at 862°C). Then, the hot mixture was filled into gel cYBscm diameter x 2.1
cm height), cooled to room temperature £22C), and stored at refrigerated temperature (10
+ 2°C) for 24 h. Three batches for each gel strengthtaxtural test were made. The results
were the means of at least three reproducible runs.

Ge strength determination: Mixed gels prepared from different setting conditowere
determined for gel strength by a texture analystdel LRX, Lloyd Instruments, Hampshire,
UK). A 1000-N load cell and a test cell (10 mm deten flat ended cylinder) were used to
determine the gel strength. The crosshead speedaamgression distance were 1 mhand
10 mm, respectively. Five samples from each treatmgere used for gel strength
determination. Gel strength was calculated accgrtbrthe following equation.

Gel strength = Maximum load (kgf) x Deflectiahmaximum load (cm)

Textural analysis: Gel samples were first removed from the cups; § geere too soft to be
removed, then the gel texture was not determinextufal characteristics (hardness and
springiness) of gels were determined using a texanalyser with a test cell (50 mm width x
50 mm length) at 2 mrifsrosshead speed.
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Experimantal design and data analysis. Three factors included: NaCl concentration (0, 0.5
and 1%), SPI concentration (0, 0.5 and 1%) and tfpsecondary gumk{carrageenan,
xanthan gum and gellan gum) were studied. Data wetestically analysed for 3 x 3 x 3
factorial design using a GLM (general linear modAbhalysis of variance (ANOVA) and the
significance of mean differences were analysedhbkystatistical program SPSS for Window
version 14.0. Duncan’s new multiple range test wasd for mean comparison for a
treatment effect at the 5% significance level [8].

RESULTSAND DISCUSSION

The ANOVA results shown in Table 1 reveals that Na@hcentration, SPI concentration

and type of secondary gum as well as all of thegractions significantly affected (p < 0.05)

gel strength and hardness of konjac gels, excephéointeraction between SPI concentration
and type of secondary gum which showed no effect Q05) on hardness of the gels. For
springiness, only a main effect of SPI concentratand the interaction between SPI
concentration and type of secondary gum displayguifeeant effects (p < 0.05) on konjac

gels. The largest effect on both gel strength aardrress was NaCl concentration, while the
factor showing the largest effect on springinesss vi&P| concentration. However, its

influence on gel strength and hardness dependdatieonther factors (NaCl and/or type of

secondary gum). Because these three factors shovagal and significant effects on gel

strength and textural characteristics of konjacs,geesult for these combinations were
constructed as shown in Table 2-4.

Table1l. Threeeway ANOVA of gel strength, hardness and springiness of konjac gelswith different levels
of NaCl, SPI and secondary gums

Gel strength Hardness Springiness
Source F P F P F P

Main effect:

A : NacCl 50.205 0.000 767.849 0.000 1.586 0.211

B : SPI 10.082 0.000 24.829 0.000 3.350 0.040

C : Secondary gum 49.637 0.000 220.610 0.000 2.613 0.079
Interaction

AxB 4.465 0.002 13.271 0.000 1.065 0.379

AxC 49.119 0.000 95.968 0.000 0.576 0.564

BxC 3.161 0.017 0.329 0.858 2.879 0.027

AxBxC 2.269 0.028 13.186 0.000 1.338 0.263

F — Statistics test to determine significance; prebability value.
Gel strength

In an absence of added NaCl and SPI, it was obd¢inat konjac flour mixed with secondary
gums k-carrageenan, xanthan and gellan) can be formdeirtheced gels with different gel
strength values depending on type of secondary gsed, as evidence in Table 2. The
konjac/xanthan gel showed the significant highpst 0.05) gel strength whereas there was
no significant difference (p > 0.05) in gel stramdietween konjac/gellan and konjac/
carrageenan gels on each setting condition. Thga&txanthan mixed gel displayed more
soft, elastic but tough texture in relation to ethexed gels which exhibited more brittle gel
texture. This result implied that the gel chardst&r would be related to gel strength where
the elastic and tough konjac/xanthan mixed geliredunore force to deform than the others,
showing the highest gel strength.
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Table 2. Gel strength of konjac gelswith different levels of NaCl, SPI and secondary gums

NaCl SPI Mixed gum (konjac flour:secondary gum = B:2
(%) (%) Konjack-carrageenan Konjac/xanthan Konjac/gellan
0 0 0.04 + 0.0 0.28 + 0.01® 0.07 + 0.02
0.5 0.07 + 0.04" 0.24 + 0.04 0.06 + 0.0
1 0.08 + 0.02% 0.24 + 0.02 0.08 + 0.0
0.5 0 0.23+ 0.0F* 0.22 + 0.03°F 0.25+ 0.08%
0.5 0.21 + 0.03°E 0.16 + 0.03* 0.19 + 0.08°F
1 0.15+ 0.02* 0.21 + 0.04"¢ 0.14 + 0.03*
1 0 0.18 + 0.03" 0.23+ 0.05"°¢ 0.22 + 0.02°
0.5 0.19 + 0.02® 0.17 + 0.07* 0.19 + 0.02°F
1 0.19 + 0.00® 0.18 + 0.02* 0.19 + 0.0P°F

Gel strength expresses as maximum load ¢kgfeflection at maximum load (cm).
Different superscripts within the same column ax iadicate that values differ significantly (p <08).

When NaCl and SPI were added, there was an inactdessed for gel strength of konjae/
carrageenan and konjac/gellan mixed gels with asing of NaCl concentration while a
decrease in gel strength of konjac/xanthan mixdd was occurred as NaCl concentration
was increased. Increasing NaCl levels enhancedehstrength of konjakfcarrageenan or
gellan gum mixed gels, possibly due to more iomd &ydrogen bonds formed between
konjac molecules as a result of the ionic atmospheith an excess of ions of the charge
opposite to that of anionic polysaccharidescérrageenan and gellan gum), decrease the
electrostatic free energy of the sysetm [9]. Thisuft was in agreement with the work of
Totosauset al. [6], who showed that the gel strengths of gumgiromixtures including
gellan, k-carrageenan, bovine serum albumin and egg whitenah were dependent upon
the concentration and type of monovalent catiosulteng in strong gels with potassium ion
than sodium ion.

As shown in Table 2, the addition of SPI signifidpraffected (p < 0.05) only the gel
strength of konjag-carrageenan mixed gel when gelated in no added! afdition;
nevertheless, it showed no significant effect (205) when NaCl was incorporated up to 1%
level. The mixed gels between konjac flour and kantor gellan gum, with or without added
NaCl, showed no significant differences (p > 0.@%)gel strengths at any levels of SPI
addition. This was attributed to the interactiorfskonjac flour and xanthan or gellan
produced heat-induced mixed gels with higher getiiess than that witk-carrageenan
(Table 3), resulting in the rigid conformationalustture or stronger network strength which
hindered interactions between konjac flour and[%6]l

Textural properties

Results for hardness of konjac/secondary gum mgpetsishown in Table 3 reveal that at 1%
total gum (konjac flour and secondary gum = 3:8pared at 9& 2°C for 30 min and with
or without SPI addition, the gel texture was toét s be removed from the cups. This was
propably due to the condition for gel preparatioaynmot meet the optimum gelation of
konjack-carrageenan or gellan mixed gels and the interéereof SPI by competing with
konjac flour for water absorption in the mixturehish caused incomplete intermolecular
association for junction zone formation betweenj&orlour and the gums. The increment of
NaCl concentration appeared to increase hardnessxefl gels between konjac flour ard
carrageenan or gellan gum; however, the gel hasdieesled to decrease with increasing of
SPI levels.
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Table 3. Hardness of konjac gelswith different levels of NaCl, SPI and secondary gums

NacCl SPI Mixed gum (konjac flour:secondary gum = B:2
(%) (%) Konjack-carrageenan Konjac/xanthan Konjac/gellan
0 0 SG 3.94 + 0.40 SG
0.5 SG 401+ 0.35 SG
1 SG 3.69+ 0.3F SG
0.5 0 1.43+ 0.07" 2.48 + 0.25" 1.91 + 0.2F*
0.5 0.89 + 0.10* 1.84 + 0.09° 1.72+ 0.18°
1 1.00 + 0.07* 1.53 + 0.1P%* 2.01+ 0.18
1 0 1.38 + 0.14° 1.20 + 0.1F* 2.95+ 0.18°¢
0.5 1.15+ 0.03® 1.13+ 0.16# 2.56 + 0.11¢
1 1.00 + 0.26 1.25 + 0.13°¢ 2.20 + 0.07¢

Different superscripts within the same column ax indicate that values differ significantly (p <08).
SG-soft gel that cannot be removed from the cupextural determination.

The gelation of these two mixed gels may be pogsibk to the effect of cation (Kjaon
binding the orderedk-carrageenan conformed and helical conformationcoanterion—
carrageenan —konjac interactions. Whilst, sodiums ipromoted the formation of double
helices and the aggregation of these helices, witiergunction zones in konjac/gellan gels
become more binding to produce a harder structittesedium ion [6]. It was also observed
that konjac flour incorporated with gellan gum el at any levels of NaCl and SPI
demonstrated higher gel hardness values than thlakvcarrageenan. The difference in gel
hardness could be attributed to the differencehysyal properties of the two gums [11].
When konjac flour were mixed with xanthan gum aetlegl without added NaCl and SPI,
the resulting gel hardness was not significantijedent (p > 0.05) from that with the
same condition but added SPI; however, the increbsaCl and SPI decreased the hardness
of the mixed gel [12].

Table 4 shows the gel springiness of mixed gelpgmedl with konjac flour and secondary
gums at different conditions. The effect of bothQNaand SPI concentration on gel

springiness were not consistent in all konjac/sdaongum mixed gels. However, in general,
it was observed that the magnitude of the changgpohginess was more pronounced by
increasing SPI levels used. It was interestingdie that the addition of NaCl and SPI up to
1% level showed no significant effect (p > 0.05)gmh springiness of konjac/xanthan mixed
gels.

Table 4. Springiness of konjac gelswith different levels of NaCl, SPI and type of gum

NaCl SPI Mixed gum (konjac flour:secondary gum = B:2
(%) (%) Konjack-carrageenan Konjac/xanthan Konjac/gellan
0 0 SG 487+ 1.37 SG
0.5 SG 4.64 + 1.43 SG
SG 508+ 1.33 SG
0.5 4.08 + 1.8 556+ 1.15°¢ 6.72+ 0.62°
367+ 137 5.78 + 1.06° 463+ 112"
3.33+ 1.184 3.74 + 0.94° 470+ 1.28°
1 3.09+ 0.9 456 + 1.42° 7.13+ 0.75"°
236+ 1.12% 3.46 + 1.06*¢ 2.53+ 0.57¢
5.08 + 1.0r" 4.74 + 0.85" 2.38+ 0.78"

Different superscripts within the same column axiadicate that values differ significantly (p <08).
SG-soft gel that cannot be removed from the cupextural determination.
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CONCLUSION

The gel strength and texture of konjac gels wefectdd by secondary gums and setting
conditions with or without NaCl and/or SPI additiorhe fact that NaCl addition did show
more effects on konjac/carrageenan and konjac/gellan mixed gels will poeddifferent gel
strength, hardness and springiness values depermin@P| addition. Under the same
conditions, konjac/xanthan mixed gels showed naglan springiness with respect to that
of other mixed gels. The influencing variables sashpH, gelling temperature and sucrose
require further investigation.
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