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a  b  s  t  r  a  c  t

This  paper  reports  a study  of the  influence  of konjac  glucomannan  (KGM)  on the  gel properties  of  low-
quality  surimi.  Compared  with  the surimi  control,  adding  KGM  significantly  improved  its  gel  properties.
KGM  content,  heating  temperature  and  heating  time  had  significant  effects  on  gel  properties.  Response
surface  methodology  (RSM)  was  applied  to optimize  the processing  parameters  of adding  KGM  to  low-
quality  surimi  for improving  the gel  properties.  The  optimal  conditions  for gel  properties  were  as  follows:
eywords:
onjac glucomannan
esponse surface methodology
ow-quality surimi
lycation

KGM  content  1.50%,  heating  temperature  32.3 ◦C and  heating  time  184.6  min.  The  predicated  gel strength
for  optimum  conditions  was  3578  g  mm.  The  predicated  results  for optimum  conditions  coincided  well
with  experiment  values.

© 2012 Elsevier Ltd. All rights reserved.
el properties

. Introduction

Many species of freshwater fish are of low quality because of
heir rapid growth and high yield. They can be processed as surimi-
ased products, which is one of their major processing approaches.
ow-temperature frozen storage is a widely used method for long-
erm storage of surimi products. However, during frozen storage,
urimi may  lose its functional properties as a result of myofibrillar
rotein denaturation, such as the decrease of water-holding capac-

ty, solubility and gel-forming ability (Xiong et al., 2009). Therefore,
he prevention of protein denaturation is of much importance when
urimi is used as foodstuffs.

Glycation is an effective and promising method for improv-
ng the functional properties of food proteins (Liu, Ru, & Ding, in
ress). The Maillard reaction is often used for glycation of proteins
s a safe and mild modification method (Saeki, 1997). Different
roteins, such as ovalbumin, lysozyme, whey proteins and soy
roteins have been used to conjugate with sugar, mainly glu-
ose, dextran, chitosan or galactomannan, with the aim to improve
heir solubility, foaming properties, emulsifying properties and
eat stability (Akhtar & Dickinson, 2007; Aoki, Hiidome, Sugimoto,

brahim, & Kato, 2001; Babiker & Kato, 1998; Chevalier, Chobert,

opineau, Nicolas, & Haertlé, 2001; Dickinson & Galazka, 1991;
iménez-Castaño, Villamiel, & López-Fandiño, 2007; Kato, 2002;
ato, Minaki, & Kobayashi, 1993; Kato, Sasaki, Furuta, & Kobayashi,
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1990; Nakamura, Kato, & Kobayashi, 1991; Qi, Liao, Yin, Zhu, &
Yang, 2010; Song, Babiker, Usui, Saito, & Kato, 2002). The glyca-
tion of myofibrillar protein was  first studied to investigate the
metabolic change with aging or diabetes (Brown, Keith, & Knull,
1990; Syrovy & Hodny, 1992, 1993; Yudkin, Cooper, Gould, &
Oughton, 1988). Saeki (1997) has prepared neoglycoprotein from
myofibrillar protein for the first time. They made many attempts
to prepare neoglycoprotein from fish myofibrillar protein by glyca-
tion with monosaccharide, oligosaccharide and polysaccharide for
improving its functional properties, such as solubility, heat stabil-
ity and emulsifying properties (Fujiwara, Oosawa, & Saeki, 1998;
Saeki & Inoue, 1997; Sato, Sawabe, Kishimura, Hayashi, & Saeki,
2000). For example, Sato et al. (2000) reported that, at 40 ◦C and 65%
relative humidity, the conjugates of carp myofibrillar and alginate
oligosaccharide greatly improved the protein solubility in a low
ionic strength medium without significant loss of available lysine.
The result indicated that the glycation with alginate oligosaccha-
ride was  a superior manner for improving the water solubility of
fish myofibrillar in view of its nutritional aspect. Therefore, it was
supposed that glycation might be able to prevent the surimi protein
denaturation.

Konjac glucomannan (KGM) is the main component of the tuber
of Amorphophallus konjac C. Koch and forms a thermally stable gel
(Konnyaku) upon addition of an alkaline coagulant (Yoshimura,
Takaya, & Nishinari, 1996). We expected that the addition of a

small amount of KGM to surimi would improve its gel properties.
Xiong et al. (2009) investigated the cryoprotective effect of KGM
on myofibrillar protein from grass carp (Ctenopharyngodon idella)
during frozen storage at −18 ◦C and the influence of five levels
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Table 1
Factors and levels of RSM.

Code levels Variables

KGM content,
X1 (%)

Heating temperature,
X2 (◦C)

Heating time,
X3 (min)

−1 1.00 30 120
J. Liu et al. / Carbohydrat

f KGM on texture properties of grass carp surimi gels. They first
xtracted myofibrillar protein from grass carp fish meat, then
tored at −18 ◦C for 30 days after mixed with KGM. The results
howed KGM at the level of 1% had the same good cryoprotective
ffect as a conventional cryoprotectant (10% sucrose–sorbitol,
:1, w/w). As the levels of KGM increased, breaking force and
eformation of grass carp surimi gels increased significantly.

glesias-Otero, Borderias, and Tovar (2010) studied the influence
f a konjac glucomannan aqueous dispersion (KAD), at different
lkalinity levels, on the viscoelastic properties of low-quality
quid surimi gels. They first dispersed KGM in distilled water,
hen modified the pH to different levels, finally mixed with surimi
nd analyzed its viscoelastic properties. The results showed gels
ith KAD at high pH had the best rheological properties. Different

rom these researches, the object of this study was to add KGM
o low-quality surimi, trying to prepare neoglycoprotein from fish

yofibrillar protein using the Maillard reaction with KGM, so as
o improve its gel properties. Compared with their methods, the
resent approach was much simple, because it did not need to
xtract myofibrillar protein or disperse KGM in distilled water. The
ffects of KGM content, heating temperature and heating time on
he gel properties were investigated. In addition, the processing
onditions for improving gel properties were optimized by RSM.

. Materials and methods

.1. Surimi gel preparation

According to the method of Xiong et al. (2009) with some modi-
cations, the surimi was purchased from Shang Yu Tai Zhi Wei  Food
ervice Limited Company of China and stored at −18 ◦C until use.
he frozen surimi was thawed at 4 ◦C fridge for 12 h, then ground
or 5 min  to obtain homogeneous paste. The paste was added with
.5% (w/w) NaCl and ground for 5 min, then different levels of KGM
ere added and the mixture was ground for another 5 min. The raw
aste was placed in cylindrical cells, and heated at different temper-
tures for different time, then the cells were placed in water bath
t 90 ◦C for 30 min. Afterwards the cells were placed in a water-ice
lurry and finally kept refrigerated at 4 ◦C for 12 h.

.2. Determination of gel properties

Cylindrical samples (2 cm × 2.5 cm)  were removed from the
ylindrical cells and tempered to about 20 ◦C. Gels were pierced to
reaking point using a TA. XT. plus Texture analyzer (SMS, Surrey,
K) with a 5 mm-diameter round-ended metal probe. Crosshead

peed was 1 mm/s, and a 2 kg load cell was used. The breaking
orce and the depth of depression were recorded when the gel sam-
le lost its strength and ruptured. All determinations were carried
ut at least in quintuplicate. Gel strength was calculated using the
ollowing formula:

el strength (g mm) = breaking force (g) × depth of depression (mm

.3. Effects of KGM content, heating temperature and heating
ime on gel properties

After adding 2.5% NaCl to the paste and grinding for 5 min, (a)
, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50% (w/w) KGM were added,
espectively, and the mixtures were ground for another 5 min, then
he raw paste was placed in cylindrical cells, heated at 30 ◦C for 1 h;

b) 1.50% KGM was added and the mixture was ground for another

 min, then the raw paste was placed in cylindrical cells, heated at
0, 25, 30, 35, 40, 45 and 50 ◦C, respectively for 1 h; (c) 1.50% KGM
as added and the mixture was ground for another 5 min, then
0 1.25  35 180
1 1.50 40 240

the raw paste was placed in cylindrical cells, heated at 30 ◦C for 0,
60, 120, 180, 240, 300 and 360 min, respectively. All the cells were
placed in water bath at 90 ◦C for 30 min. The forward and after-
ward procedures were taken according to the method described
in Section 2.2.  The surimi without adding KGM was used as the
control.

2.4. Experimental design

According to prior experimental findings, the most influential
factors on gel properties were KGM content (X1), heating tempera-
ture (X2) and heating time (X3). In order to evaluate the effects and
interactions of these three factors, RSM was used in designing this
experiment. The ‘Design Expert’ software (version 8.0.6, Stat-Ease,
Inc., Minneapolis, USA) was  used to generate the Box–Behnken
experimental designs. The independent variables were the KGM
content (X1), heating temperature (X2) and heating time (X3). Each
independent variable had coded levels of −1, 0 and 1. This design
was constructed based on a 33 factorial design, three replications
of the central run, leading to 17 sets of experiments, allowing each
experimental response to be optimized. The experimental designs
of the coded (X) and actual (KGM content, temperature, time) levels
of variables are shown in Table 1. The response (Y) was gel strength.
The response function Y was related to the coded variables (Xi, i = 1,
2, 3) by a second-degree polynomial equation using the method of
least squares:

Y = a0 + a1X1 + a2X2 + a3X3 + a11X1
2 + a22X2

2 + a33X3
2

+ a12X1X2 + a13X1X3 + a23X2X3 (1)

where Y is the response calculated by the model; X1, X2 and X3 are
coded variables, corresponding to KGM content, heating tempera-
ture and heating time respectively. a1, a2, a3 are the linear; a11, a22
and a33 are the quadratic and a12, a13 and a23 are the cross-product
effects of X1, X2 and X3 factors on the response.

Analysis of variance (ANOVA) was  performed. ANOVA tables
were generated and the effects and regression coefficients of indi-
vidual linear, quadratic and interaction terms were determined.
The statistical significance of the regression coefficients was  deter-
mined by using the F-test and the applicability of the model was
checked with significance coefficients of determination (R2) and the
coefficient of variation (CV) values. The optimum processing con-
ditions were obtained by using graphical and numerical analysis
based on the criterion of desirability.

3. Results and discussion

3.1. Effects of KGM content, heating temperature and heating
time on gel properties

From Fig. 1(a), there were significant increases in gel prop-
erties of low-quality surimi after addition with seven levels of

KGM. The gel strength of the surimi sample without KGM (con-
trol) was  1708 g mm,  while that of the gel sample with the
highest KGM content (1.50%) was  2829 g mm.  As KGM content
increased, gel properties of surimi gels increased significantly. The
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Table 2
Design program and experimental results of RSM.

Run
order

KGM content,
X1 (%)

Heating temperature,
X2 (◦C)

Heating time,
X3 (min)

Gel  strength
(g mm)

1 1.25 35 180 3147
2 1.50  30 180 3660
3 1.25 35 180 3372
4  1.25 35 180 3014
5 1.00 30 180 3044
6 1.25 40 120 1891
7 1.50  40 180 2006
8 1.00 35 240 1967
9 1.25  35 180 3104

10  1.00 40 180 1443
11  1.25 40 240 1238
12  1.25 30 240 2533
13 1.25  35 180 3007
14 1.50 35 240 2789
15 1.00  35 120 3008
ig. 1. Effects of KGM content (a), heating temperature (b) and heating time (c) on
el  properties of low-quality surimi. Control group: the surimi without adding KGM;
xperimental group: the surimi with adding KGM.

esult suggested that KGM could improve gel properties of surimi
els. We  suppose there are two potential reasons: the interac-

ion between KGM and myofibrillar protein to form a viscoelastic
hree-dimension structure or the conjugation between KGM and

yofibrillar protein displaying better gel properties. Xiong et al.
2009) reported the similar result that KGM affected the textural
16  1.50 35 120 2971
17 1.25  30 120 2527

properties of surimi gels to increase the gel-forming ability and
improve both the gel strength and elasticity of grass carp.

From Fig. 1(b), there were significant increases in gel properties
of low-quality surimi heated at seven levels of temperature. The
gel properties of surimi sample added with KGM were significantly
higher than those of the control group. As the levels of initial heat-
ing temperature increased, gel properties of surimi gels increased
significantly. When the temperature reached 35 ◦C, the gel proper-
ties decreased as the levels of heating temperature decreased. This
might be because the reaction between myofibrillar protein and
KGM needed a proper temperature. The high temperature would
lead to the protein denaturation. The result suggested that heating
temperature could affect gel properties of surimi gels, and there
was an optimum temperature for the improvement of gel proper-
ties. The results coincided well with the study of Chobert, Gaudin,
Dalgalarrondo, and Haetle (2006), who reported that the mild heat
treatment resulted in Maillard reaction.

As KGM is a high-molecular weight water-soluble non-ionic
polysaccharide extracted from tubers of the konjac plant (Amor-
phophallus Blume ex Decne in the family Araceae) (Li, Xie, &
Kennedy, 2006), we suppose that the reaction of KGM and surimi
would be influenced by heating time. Fig. 1(c) shows the effect of
different heating time on gel properties of low-quality surimi. The
gel properties of the surimi sample added with KGM and heated
for different time were higher than those of the control group. As
the levels of initial heating time increased, gel properties of surimi
gels increased significantly. When the time reached 180 min, the
gel properties decreased as the levels of time decreased. When the
protein and KGM were heated at 30 ◦C for too long time, they would
also denature. The result suggested that heating time could affect
the gel properties of surimi gels, and there was an optimum heating
time for the improvement of gel properties.

3.2. Optimization with RSM

The experiments were carried out in a random order. Values
obtained from MR  system are given in Table 2, while characteris-
tics of the model for gel properties are shown in Table 3. The ANOVA
confirmed adequacy of the statistical model since its Prob > F values
were less than 0.05 and statistically significant at 95% confidence
level. The model presented high determination coefficients (R2) and
low coefficients of variation (CVs). These values were obtained as

follows: R2 = 0.951 and CV = 8.717. These results indicated a good
precision and reliability for the experiment carried out. The signif-
icance of each coefficient was  determined by F value and Prob > F
value which is listed in Table 3. The smaller the magnitude of the
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ig. 2. Three-dimensional figures of interactive effects and contour plot figures of KG
ffects  of KGM content and heating temperature on gel properties. (b and e) Interact
f  heating temperature and heating time on gel properties.

rob > F value, the more significant was the corresponding coeffi-
ient. The fitted model equations were as follows:

= 3128.82 + 245.41X1 − 648.08X2 − 233.77X3 − 12.97X1X2

+ 215.59X1X3 − 463.03X2X3 + 23.22X1
2 − 612.79X2

2

2
− 468.03X3 (2)

Fig. 2(a) shows the dependence of gel properties with KGM con-
ent and heating temperature at a fixed heating time. It was  clear
ntent, heating temperature and heating time on gel properties. (a and d) Interactive
ects of KGM content and heating time on gel properties. (c and f) Interactive effects

that at a constant heating time and temperature, gel properties
increased with the increase of KGM content. It may  also be seen
from Fig. 2(a) that gel properties increased quickly at the beginning
of the experiment then decreased slightly with increase in heating
time at a fixed heating time and KGM content. The variation was
curvilinear in nature.
The variation of gel properties with KGM content and heating
time at a constant temperature is presented in Fig. 2(b). It is clear
that at a constant heating time and temperature, gel properties
increased with the increase of KGM content. At a fixed temperature
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Table 3
ANOVA for response surface reduced quadratic model.

Variance source Sum of squares df Mean square F-value p-Value
Prob > F

Model 7.22 × 106 9 8.02 × 105 15.26 0.0008 Significant
X1 4.82 × 104 1 4.82 × 105 9.16 0.0192
X2 3.36 × 106 1 3.36 × 106 63.89 <0.0001
X3 4.37 × 105 1 4.37 × 105 8.31 0.0235
X1X2 673.35 1 673.35 0.01 0.9131
X1X3 1.84 × 105 1 1.84 × 105 3.50 0.1035
X2X3 1.08 × 105 1 1.08 × 105 2.06 0.1942
X1

2 2.27 × 103 1 2.27 × 103 0.04 0.8413
X2

2 1.59 × 106 1 1.59 × 106 30.16 0.0009
X3

2 9.22 × 105 1 9.22 × 105 17.54 0.0041
Residual 3.68 × 105 7 5.26 × 104

Lack of Fit 2.80 × 105 3 9.34 × 104 4.25 0.0979 Not significant
Pure  error 8.79 × 104 4 2.20 × 104
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Cor total 7.59 × 106 16

nd KGM content, gel properties increased with increased heating
ime at the beginning but decreased in later stages.

Fig. 2(c) shows the effect of heating temperature and time on gel
roperties at a fixed KGM content. Gel properties increased in the
eginning and decreased afterwards with increased temperature
t a constant KGM content and heating time, the same result could
e seen for the variable of heating time at a fixed KGM content and
emperature.

This signified that the linear effects of KGM content (p < 0.05),
eating temperature (p < 0.05) and heating time (p < 0.05) were
ominant over the quadratic and interaction terms. The interac-
ion effects between KGM content, heating temperature and time
ere not significant, but they slightly influenced gel properties.

he quadratic effects of heating temperature and time were neg-
tive to gel properties. High KGM content was beneficial to the
mprovement of gel properties, proper heating temperature and
ime were beneficial to gel properties. Furthermore, proper heating
ime favored the Maillard reaction (Gu, Abbar, & Zhang, 2009).

The optimum processing parameters were determinated to
ield surimi gels with high gel properties. Gel properties can
e optimized from the contour plot figures (Fig. 2(d)–(f)). The
one of optimization depicted KGM content to be in the range
f 1.40–1.50%, temperature and heating time to be in the range
f 30–34 ◦C and 120–210 min, respectively. The model described
he optimum conditions for gel properties as: KGM content 1.50%,
eating temperature 32.3 ◦C and heating time 184.6 min.

. Conclusion

Compared with the surimi control, adding KGM can significantly
mprove the surimi gel properties at different KGM contents, heat-
ng temperatures and heating time. The RSM was a useful tool to
nvestigate the optimum conditions of KGM content, heating time
nd heating temperature for targeting gel properties in surimi gels.
he coefficients of determinations, R2 values of the all parameters,
howed a good fit of the model with the experimental data at 95%
onfidence level. The different conditions for surimi gels revealed
hat KGM content had a significant effect on gel properties, while
he other two variables had an optimum zone for gel properties.
hese results and obtained models can be used to the maximum
alues of the variables.
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