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The  objective  of this  research  was  to evaluate  the  antimicrobial,  antioxidant  and  darkening  inhibitory
activities  of  Maillard  reaction  products  (MRPs)  prepared  from  chitosan  and  xylose,  and  their  effects  on
the preservation  and  quality  of semi-dried  noodles.  The  development  of brown  color  and  UV  absorbance
changes  indicated  the  proceeding  of  Maillard  reaction.  The  antimicrobial  activity,  reducing  power,  DPPH•

radical  scavenging  activity,  copper-chelating  activity  and  PPO  inhibitory  effects  of  chitosan–xylose  con-
vailable online 3 December 2012

eywords:
hitosan
aillard reaction product

emi-dried noodle

jugates  increased  with  the  reaction.  Addition  of  MRPs  could  improve  the  textural  and  cooking  quality  of
semi-dried  noodles.  Incorporation  of  0.35%  MRPs  (6 h) into  semi-dried  noodle  resulted  in an extension  of
shelf  life  for  more  than  7  days  than the  control  noodles  (at  room  temperature).  The  discoloration  caused
by the  addition  of MRPs  was  limited,  and  MRPs  could  inhibit  darkening  of  the noodle  effectively.  Results
suggested  that  the  MRPs  could  be used  as a  novel  promising  preservative  for  semi-dried  noodles.
reservation

. Introduction

Noodles have been the staple foods for many countries in
sia since ancient time. Nowadays, their world consumption has

ncreased, due to the ease of transportation, handling, cooking and
reparation (Li et al., 2012).

Semi-dried noodle, a newly developed instant noodle product, is
enerally produced by undergoing a high-temperature short-time
HTST) dehydration process to get a final water content of 20–25%.
t is getting increasingly popular to consumers due to the better
aste and flavor compared to dry noodles.

However, despite the dehydration treatment, semi-dried
oodles are vulnerable to microbial contamination for their rel-
tively high moisture content and abundant nutrient substances,
specially in summer days. The survived microorganisms will pro-
iferate immediately if not inhibited by particular technologies,

hich limits the distribution of semi-dried noodles. Thus, due to
he industry demands, interest has been generated in searching
or preservation methods and technologies for these products (Xu,
all, Wolf-Hall, & Manthey, 2008). At present, most studies turn

o use various chemical preservatives, such as potassium sorbate,
odium dehydroacetate and calcium propionate. However, while

roducers are interested in extending their shelf life, the consumer

s increasingly calling for more “green” food (Diez, Santos, Jaime,
 Rovira, 2009). In addition, most of these chemical preservatives

∗ Corresponding author. Tel.: +86 510 85329037; fax: +86 510 85329037.
E-mail address: kxzhu@jiangnan.edu.cn (K.-X. Zhu).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.11.078
© 2012 Elsevier Ltd. All rights reserved.

may  deteriorate the flavor and texture of the final products. These
situations have led to the current search for natural and versatile
antimicrobial agents which have a natural image.

Chitosan manufactured from chitin is the linear and partly
acetylated (1–4)-2-amino-2-deoxy-�-d-glucan (Muzzarelli, 1977;
Muzzarelli et al., 2012). As a kind of polysaccharides, chitosans
were tested as a dietary supplement for their favorable biological
properties, low toxicity and high susceptibility to biodegrada-
tion (Muzzarelli, 1996; Muzzarelli & Muzzarelli, 2006). It exhibits
antimicrobial activity and has therefore attracted tremendous
attention as a potential food preservative of natural source
(Holappa et al., 2006). However, chitosan is insoluble in the neutral
or alkaline range. Further more, the solution of chitosan is quite
viscous even at low concentrations (Jin, Wang, & Bai, 2009). These
restricted its application in a commercial context.

Maillard reaction, which is also called nonenzymatic browning
reaction, is a reaction between reducing compounds and amino
groups. In addition to contributing to the formation of a specific
color and flavor, many studies have reported that Maillard reaction
products (MRPs) bear excellent antioxidative and antimicrobial
activity as well (Jing & Kitts, 2002; Kim & Lee, 2003; Martins,
Jongen, & Van Boekel, 2000). Due to its amino group, chitosan
can be participant in the Maillard reaction to react with car-
bonyl group of a reducing sugar. It has been reported that the
MRPs produced by heating chitosan with glucose showed signif-

icantly higher antimicrobial and antioxidant activity than chitosan
or glucose alone (Kanatt, Chander, & Sharma, 2008). Thus Mail-
lard reaction is a promising and effective way to produce novel
preservative.

dx.doi.org/10.1016/j.carbpol.2012.11.078
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:kxzhu@jiangnan.edu.cn
dx.doi.org/10.1016/j.carbpol.2012.11.078
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In this study, chitosan–xylose Maillard reaction products were
ynthesized to take advantage of their antimicrobial activity; their
nfluence on the quality and shelf-life of semi-dried noodle were
nvestigated.

. Materials and methods

.1. Materials

Chitosan (deacetylation degree 85%, MW 400 kDa) was obtained
rom Golden-Shell Pharmaceutical Co., Ltd. (Zhejiang, China). d-
ylose was purchased from Sinopharm Chemical Reagent Co.,
td. (Shanghai, China). 2,2-Diphenyl-1-picrylhydrazyl (DPPH•) was
urchased from Sigma–Aldrich (St. Louis, MO). Semi-dried noodle
water content 22.34 ± 0.47%, pH 6.36 ± 0.03) was prepared in our
aboratory by using a Kitchen Aid mixer (Kitchen Aid, St. Joseph, MI,
SA), a laboratory sheeting machine (Mode JMTD-168/140, Beijing,
hina) and an UV-equipped microwave oven (Mode JHWB-MF4,
uangzhou, China).

.2. Preparation of chitosan–xylose conjugates

Chitosan was dissolved in 0.5% (v/v) acetic acid solution to reach
 concentration of 1% (w/v) and then 1% (w/v) xylose was dissolved
n the chitosan solution. The pH value of the solution was adjusted
o 5.0 using 1 M sodium hydroxide. The mixtures were then heated
n a water bath at 80 ◦C for up to 8 h. Samples were withdrawn at
iven time intervals, and cooled in an ice-water bath.

.3. Spectrophotometric analysis of MRPs

Browning and UV absorbance of the conjugates were measured
ccording to Li, Shi, Wang, and Du (2011).  The samples were appro-
riately diluted with 0.5% (v/v) acetic acid solution. UV absorbance
nd browning intensity were measured at 280 nm and 420 nm
espectively.

.4. Determination of antimicrobial activity

The antimicrobial activities of MRPs incubated for differ-
nt times against Staphylococcus aureus,  Bacillius licheniformis
r Aspergillus candidus were determined using the minimum
nhibitory concentration (MIC) method. These strains were identi-
ed as the most common spoilage organisms in semi-dried noodle
roducts according to our previous study. During the determi-
ation, 0.1 ml  diluted cell suspension, with a bacteria content of
pproximately 106 CFU/ml, was added to a tube of 5 ml  broth
edium containing an appropriate concentration of MRPs. The

ubes were incubated for 48 h at 37 ◦C for all strains with the excep-
ion of the A. candidus tubes which were incubated for 120 h at 28 ◦C.
he MIC  was defined as the lowest concentration of MRPs required
o completely inhibit microorganism growth.

.5. Determination of reducing power and DPPH• radical
cavenging activity

The reducing power and DPPH• radical scavenging activity
ere determined according to the methods described by Ferreira,
aptista, Vilas-Boas, and Barros (2007).  1.0 ml  of the diluted sample
as added into 4.0 ml  of 0.1 mM DPPH• in ethanol and the solution
as mixed immediately. After incubation in the dark for 20 min, the

bsorbance was measured at 517 nm.  Percent of DPPH scavenging

ctivity was calculated as follows:

cavenging activity (%) =
[

(Acontrol − Asample)
Acontrol

]
× 100 (1)
ers 92 (2013) 1972– 1977 1973

Asample was  the absorbance of the sample; Acontrol was the
absorbance of 0.5% (v/v) acetic acid solution (pH = 5.0) reacted at
the same condition as the sample.

For reducing power, 1 ml  of appropriately diluted sample was
mixed with 1 ml  of 0.2 M sodium phosphate (pH 6.6) and 1 ml of 1%
(w/v) potassium ferricyanide. After incubation at 50 ◦C for 20 min,
2.5 ml  of 10% (w/v) trifluoroacetate was  added to the solution and
the mixture was centrifuged at 3000 r/min for 10 min. 2 ml  of the
supernatant was  mixed with 2 ml  distilled water and 1 ml 0.1%
(w/v) ferric chloride. After incubation for 10 min, the absorbance
was measured at 700 nm.

2.6. Determination of copper-chelating properties

The copper-chelating property of MRPs was  determined accord-
ing to the method described by Matmaroh, Benjakul, and Tanaka
(2006).

1 ml  of CuSO4 solution in different concentration (0–0.1 mM)
was mixed with 4.0 ml  of hexamine buffer (10 mM hexamethy-
lene tetramine, 10 mM KCl, pH 5.0) and 0.2 ml  of 1 mM tetramethyl
murexide (TMM). A460 nm and A530 nm of the solution were deter-
mined respectively. The absorbance ratio A460 nm/A530 nm was
plotted against the amount of CuSO4 to obtain the standard curve.

0.5 ml  of diluted (20 fold) chitosan or MRPs was mixed with
1.5 ml  of hexamine buffer and 0.5 ml  of 2 mM CuSO4. The mix-
ture was  incubated for 60 min  at room temperature. Then 0.2 ml
of the mixture was  diluted to 5.0 ml  with hexamine buffer. 0.2 ml
of 1 mM TMM  was  added into the solution. After incubated for
10 min, A460 nm and A530 nm were determined respectively. The ratio
A460 nm/A530 nm was  calculated to obtain the amount of the free
copper remained in the solution according to the standard curve.

2.7. Polyphenol oxidase (PPO) activity assay

The PPO for test was  extracted from the wheat flour used to
make semi-dried noodles, which was  similar to previously pub-
lished procedures (Fuerst, Xu, & Beecher, 2008). 2 g of flour was
incubated in 10 ml  of extraction buffer (0.1 M phosphate–citric acid
buffer, pH 5.6) in a 15 ml  centrifuge tube and shaked at 4 ◦C for 12 h.
The sample was then centrifuged at 12,000 rpm for 15 min  at 4 ◦C
and the supernatant was used as the crude extracts of PPO.

The PPO activity was determined according to the method
described by Lee (2007).  1 ml  of PPO extracts was mixed with 4 ml  of
phosphate buffer and 1 ml  of 0.5% (v/v) acetic acid solution (pH 5.0).
After incubation for 3 min  at 37 ◦C, 1 ml  of 0.1 M catechol was added
to the mixture to initiate the reaction. The reaction was run for
20 min  and the absorbance of the solution was measured at 420 nm.
One unit was  defined as the change in 0.001 U of A420 nm/min g. To
study the effects of chitosan or MRPs on PPO activity, 1 ml  of them
were added instead of acetic acid solution.

2.8. Cooking loss determination

The cooking loss, that is, the amount of solid substance lost to
cooking water, was determined as described by AACC Method 66-
50 (AACC, 2000). A 25 g sample of noodle was placed into 400 ml
of boiling distilled water until the optimal cooking time. Cooking
water was collected in a 500 ml  volumetric flask and made to vol-
ume, then 50 ml was taken into a 100 ml  beaker pre-dried to a
constant weight, after that, placed the beaker into an air oven at
105 ◦C and evaporated to dryness. The residue was weighed and

reported as a percentage of the starting material (calculated by dry
basis).

For each optimal cooking time and cooking loss value, three
determinations were performed to obtain the mean value.
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At the early stage, the prolonged reaction time leaded to rapidly
increased scavenging activity. However, when the reaction time
increased to 8 h, the scavenging activity of MRPs became slightly
lower than that reacted for 6 h. The decrease in DPPH scavenging

Table 1
MIC  of MRPs over different reaction time on main strains in semi-dried noodle
(�g/ml).

Strains Reaction time (h)

0 2 4 6 8
974 K.-X. Zhu et al. / Carbohydrate

.9. Textural properties

Textural properties of cooked noodles were measured using
 TA-XT2i Texture Analyser (Stable Micro Systems, London, UK)
nder optimal test conditions. Fresh noodles were first cut into
trands of 20 mm and cooked to the optimal cooking time. Mea-
urements were carried out at room temperature exactly 10 min
fter cooking. Tensile force was determined by a A/SPR probe in
he mode of “Measure Force in Tension”, maximum shearing force
as measured using a A/LKD probe in the mode of “Measure Force

n Compression”, while hardness, springiness, and chewiness were
ested by a HDP/PFS probe and calculated based on texture profile
nalysis (TPA) according to the description of Wu and Corke (2005).

.10. Color measurement of noodle sheets

A Chroma meter (Minolta CR-100) equipped with D65 illumi-
ant, using the CIE 1976 L*, a* and b* color scale was used to
easure the color of the fresh noodle sheets. L* is a measurement

f brightness (0–100), a* represents the red–green coordinates (−
s green while + is red) while b* measures the blue–yellow coordi-
ates (− is blue with + indicating yellowness) of a product. Samples
ere cut into pieces of about 5 cm in diameter and measured within

 min. Each noodle group was measured for 6 times.

.11. Statistical analysis

The data obtained in this study were expressed as the mean of at
east three replicate determinations and standard deviation (SD) by
sing the software SPSS 16.0 for windows. Total plate count data in
gures were transformed into logarithms of the number of colony

orming units (CFU/g). Significance was defined at P < 0.05 by using
uncan’s test.

. Results and discussion

.1. Preparation of MRPs

Absorbances at 280 nm and 420 nm are widely used as indicators
f the yield of Maillard reaction. Absorbance at 280 nm is indica-
ive of the formation of intermediate compounds of the Maillard
eaction, while absorbance at 420 nm suggests the development of
rown color. Fig. 1 shows the UV–vis absorbance changes of MRPs
uring heating. Xylose or chitosan showed no absorbance changes
hen heated alone, indicating that no disturbance was  caused by

aramelisation or Maillard reaction of chitosan itself. In contrast, a
ignificant absorbance change was observed when mixtures were
eated together. Both browning and UV absorbance showed a slight

nduction period at the beginning, and then came to a fast growth,
uggesting a progressive accumulation of MRPs with the increase
f time.

.2. Antimicrobial activity of MRPs

The inhibition effect of chitosan/MRPs against test microorgan-
sms was described in Table 1 by the method of minimum inhibitory
oncentration (MIC). With the extending of reaction time, the
ntimicrobial activity of chitosan against Escherichia coli,  Bacillus
ubtills, S. aureus and A. candidus all increased at the early stage and
hen decreased or remained unchanged at the later stage. The MRPs
f 6 h exhibited higher antimicrobial activity than others. Its MIC
alue against A. candidus decreased from 550 to 250 �g/ml. Results

llustrated that Maillard reaction could enhance the antimicrobial
ctivity of chitosan, the antimicrobial activity of MRPs did not nec-
ssarily attribute to the formation of melanoidins, and the brown
olor was not a good indicator for the antimicrobial activity of MRPs.
Fig. 1. Absorbance changes of MRPs prepared with chitosan and xylose over times
at  80 ◦C: (a) measured at 420 nm,  (b) measured at 280 nm (�): chitosan–xylose
mixtures; (�): xylose only; (�): chitosan only.

This result was in accordance with the conclusion of Huang, Huang,
Huang, and Chen (2007).

3.3. Antioxidant activity of the MRPs

The reducing power (a) and DPPH scavenging activity (b) of
MRPs were presented in Fig. 2. The unheated samples showed only
minor reducing power, while the heated samples rapidly attained
fine reducing power depending on heating time. Different results
have been reported previously upon the reducing power of chi-
tosan MRPs. According to Kanatt et al. (2008),  the chitosan–glucose
Maillard reaction products did not show any noteworthy reducing
power. But the result of Li, Shi, et al. (2011) showed that chitosan
could attain significant reducing power through Maillard reaction,
which was  consistent with the result of this study. Hwang, Shue,
and Chang (2001) explained that maybe some of the Amadori prod-
ucts in the primary phase of Maillard reaction were responsible for
its reducing activity. In addition, as can be seen in Fig. 2b, MRPs were
endowed with remarkable DPPH free radical scavenging activity.
Escherichia coli 200 200 175 125 150
Bacillus subtills 250 225 200 150 200
Staphylococcus aureus 125 125 100 75 75
Aspergillus candidus 550 450 300 250 300
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Zhu, Guo, Peng, & Zhou, 2011)) after 6 days. The 0.35% chitosan
enriched semi-dried noodles were more resistant to microbial
growth than the control and their shelf-life was extended by 4 days.
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ig. 2. Reducing power (a) and DPPH free radical scavenging effect; (b) changes of
RPs as reaction time increased. (�) chitosan–xylose mixture without heating; (�)
RPs of 2 h; (�) MRPs of 4 h; (*) MRPs of 6 h; (•) MRPs of 8 h.

ctivity may  be due to the loss of some intermediate compounds,
hich possessed good antioxidant activity and were used to syn-

hesize the final products of Maillard reaction.

.4. PPO inhibitory effects and copper-chelating properties of
RPs

Color is considered as a major determinant of noodle quality (Li
t al., 2012). One of the common faults of semi-dried noodles is
hat they are liable to darken, which would lead to the complicated

arketability declines. To improve shelf-life it is also desirable
o stop or at least slow the darkening (Asenstorfer, Appelbee, &

ares, 2009). Polyphenol oxidase (PPO), a type of copper containing
xidoreductase, was widely recognized as the predominant factor
eading to the darkening of Chinese and Japanese noodles. Thus the
nhibition techniques for PPO activity have drawn a considerable
ffort these years.

Inhibitory effects of MRPs synthesized for different times on
PO activity were exhibited in Fig. 3a. Compared to the unheated
ixture, MRPs induced lower activity to the PPO extracts, and

he inhibitory effects increased with reaction time. Some authors
lso reported that MRPs was the inhibitor of polyphenol oxi-
ases in apple, banana and brinjal (Cheriot, Billaud, Pöchtrager,
agner, & Nicolas, 2009; Lee, 2007; Tan & Harris, 1995). In fact,

PO from different food materials were quite different in their
olecular structure, however, all of the PPO had an active cen-

er containing Cu2+ (Almeida & Nogueira, 1995). Fig. 3b shows the
opper-chelating properties of MRPs heated for different times. The
hitosan–xylose mixture without heating exhibited relatively low
opper-chelating property while much higher chelating power was
bserved as the increase of reaction time. Therefore, efficiency of
opper chelation could be improved by Maillard reaction. Some

esearchers reported that melanoidins of MRPs had the ability to
orm strong complexes with Cu2+ (Rendleman & Inglett, 1990). In
ddition, O’brien and Morrissey (1997) claimed that the Amadori
earrangement product, which was a key intermediate of early
Fig. 3. PPO inhibitory effects (a) and copper-chelating activity (b) of MRPs over
different reaction times.

stage of Maillard reaction, had chelating properties as well. Thus
the copper-chelating properties of MRPs may  account for their
inhibitory effect on PPO activity.

3.5. Effects of MRPs on the microbial growth in semi-dried
noodles

To ascertain the antimicrobial and shelf-life extending proper-
ties of MRPs in semi-dried noodle system, products prepared by
heating chitosan with xylose for 6 h were used to make noodles
in an amount of 0.35%. Total plate count (TPC) in the control sam-
ples (noodles without any preservative) and noodles loaded with
chitosan or MRPs were investigated respectively during storage.
All the samples were placed under 25 ◦C and the results were pre-
sented in Fig. 4. The control noodle samples deteriorated quickly,
whose TPC reached to 106 CFU/g (level of incipient spoilage (Li,
Storage time(day)

Fig. 4. Changes in viable bacteria count in semi-dried noodles as affected by MRPs at
25 ◦C. (�) control; (�) semi-dried noodle with 0.35% chitosan; (�) semi-dried noodle
with 0.35% MRPs.
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Table 2
Effect of MRPs on the initial color and color changes of semi-dried noodles.

Addition dose of MRPs (%) L* a* b* �Eab �L*0–24 h

0 82.45 ± 0.17a −4.54 ± 0.03a 19.52 ± 0.37a – 2.13 ± 0.10a
0.15 82.29 ±  0.18ab −4.48 ± 0.03a 20.22 ± 0.25b 0.7225 1.87 ± 0.07b
0.25 82.11 ± 0.06b −4.34 ± 0.04b 20.98 ± 0.19c 1.5123 1.42 ± 0.09c
0.35  81.65 ± 0.16c −3.98 ± 0.07c 21.52 ± 0.23c 2.2257 0.94 ± 0.08d

Values are shown as mean ± standard deviation. Means followed by the same letter in the same column are not significantly different (P < 0.05).

Table 3
Effect of MRPs on textural qualities and cooking loss of semi-dried noodles.

Addition dose of MRPs (%) Hardness (g) Springiness Maximum shear force (g) Breaking distance (mm) Cooking loss (%)

0 5275.6 ± 150.3a 0.775 ± 0.010b 629.8 ± 18.1a 101.1 ± 6.7a 8.17 ± 0.07a
0.15 5476.8 ±  181.8a 0.810 ± 0.018a 645.5 ± 13.1a 103.5 ± 5.3ab 7.97 ± 0.04b
0.25 6106.3 ±  204.9b 0.818 ± 0.009a 674.6 ± 15.4b 108.9 ± 6.5ab 7.72 ± 0.07c
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0.35 6549.1 ± 160.0c 0.828 ± 0.010a 

alues are shown as mean ± standard deviation. Means followed by the same letter

oreover, when 0.35% MRPs was added into semi-dried noodles,
he induction period of the microbial growth curve became longer,
nd microbial growth rate was further slowed down. TPC in MRPs
oodles reached to 106 after 13 days, indicating that MRPs of chi-
osan and xylose were more effective in prolonging the shelf life of
emi-dried noodles.

.6. Effects of MRPs on the color and darken rate of semi-dried
oodles

Maillard reaction would impart a deep and brown color to chi-
osan, thus the color change in semi-dried noodles enriched by

RPs should be discussed. According to Asenstorfer, Appelbee,
nd Mares (2010),  noodle sheet darkening can be measured by a
hange in the CieLab L* value, which is a function of the diffuse light
eflectance (scattering) as well as light absorption. Thus both phys-
cal changes and chemical changes can result in a change in the L*
alue. The initial color and changes in L* value of semi-dried noodles
ith addition of 0–0.35% 6 h MRPs were presented in Table 2.

As shown in Table 2, with the increase of MRPs, L* value of
he noodle sheet decreased while a* and b* value increased pro-
ressively, significant (although slight) differences were observed
hen the addition dose was 0.25% and 0.35%. The result indi-

ated that adding MRPs into semi-dried noodle formulation may
nduce a darker and more yellow product. The concept of total
olor change (�Eab), which is calculated the equation �E =

(�L∗)2 + (�a∗)2 + (�b∗)2, was usually used to describe the
isual sense differences among test samples. �Eab ≤ 1.5 presents
early no differences in visual inspection; �Eab ≥ 1.5 is defined
s being slightly different from the control; while �Eab ≥ 3.0
ndicates there is some differences between the samples. How-
ver, if �Eab value exceeds 6.0, it means there is significant
ifference. Table 2 shows that noodle with 0.15% MRPs had lit-
le color change (�Eab ≤ 1.5) visually, when the addition dose
ncreased to 0.25–0.35%, the change in noodle color was still slight
1.5 ≤ �Eab ≤ 3). Thus, it could be concluded that despite the typical
rowning color MRPs itself, limited adding dose would not impart
oo much difference to the color of semi-dried noodle.

In addition, the darkening rate of semi-dried noodle with or
ithout MRPs during 24 h storage time (expressed by �L*0–24 h)
ere determined and listed in Table 2. �L*0–24 h of semi-dried
oodles with 0.15% MRPs could be significantly (P < 0.05) reduced
ompared to the control and it further decreased as the addition

ose increased to 0.25% and 0.35%. The result indicated that MRPs
ould effectively inhibit the darkening of semi-dried noodles. Their
nhibitory effect on PPO activity as above mentioned might account
or this phenomenon.
81.9 ± 17.5b 112.7 ± 6.8b 7.72 ± 0.04c

 same column are not significantly different (P < 0.05).

3.7. Effects of MRPs on the textural and cooking qualities of
semi-dried noodles

Textural and cooking qualities are important concerns to
consumers of noodle products. The instrumental parameters of
hardness, maximum shear force, breaking distance and springiness
are closely correlated with sensory texture characters of cooked
noodles (Li et al., 2012). Cooking loss is referred as the total
contents of solids present in gruel obtained from the cooked noo-
dle. During cooking, soluble parts of noodle leach into the water
and make the cooking water become cloudy and thick. This may
be due to both amylose leaching and solubilization of some salt-
soluble proteins (Petitot, Boyer, Minier, & Micard, 2010). Measuring
cooking loss of these products is one of the important parameters
in assessing their overall quality. Generally, noodle with appropri-
ate high firmness, smoothness, springiness and low cooking loss
is more desirable. Textural attributes and cooking loss of semi-
dried noodles prepared with and without MRPs were measured and
summarized in Table 3. It was  shown that semi-dried noodle with
0.25–0.35% MRPs was  significantly (P < 0.05) higher in hardness,
springiness, maximum shear force, breaking distance and lower in
cooking loss. This was probably attributed to the facts that MRPs
possessed good surface activity (Brun-Mérimée, Billaud, Louarme,
& Nicolas, 2004), which would interact with the gluten protein
and starch molecules, helping to form a more compact gluten
network.

4. Conclusions

It  can be concluded that chitosan–xylose Maillard reaction
products synthesized in this study were endowed with bet-
ter antimicrobial and antioxidant activities than chitosan alone.
Besides, the MRPs exhibited copper-chelating property and good
inhibitory effect on PPO. Also, the addition of MRPs to semi-
dried noodle could improve its textural and cooking qualities, slow
down the darkening rate and impart a longer shelf-life to the
products.
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