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ABSTRACT

gce noodles, which are widely consumed noodles in Southeast Asia,
were evaluated as a potential carrier for fortificants such as vitamin A, folic
acid, and iron. Because flour particle size was found to affect the noodle
properties, this study was conducted to investigate the effect of five different
particle sizes (63, 80, 100, 125, and 140 pm) of dry-milled rice flour on the
cooking quality, microstructure, texture, and sensory characteristics of the
rice noodles. The retention of fortificant in the noodles at every stage of
processing as affected by the flour particle size was also determined. It was
found that the rice noodles produced from flour with the smallest particle
size studied (€63 pm) had the best quality and were the most liked by the
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consumers. In addition, the noodles had the most compact and regular
structure, which could be attributed to having the most severely gelatinized
starch. This starch would have caused the least leaching of the fortificant
into the surrounding water during the boiling stage of the rice noodle pro-
cessing. Retention of iron in the cooked fortified rice noodles prepared from
flour with the smallest particle size was high at around 87%, whereas that
of vitamin A and folic acid were below 15%. Because the losses of the
fortificant from the rice noodles were mostly owing to the boiling process,
further improvements of the rice noodle processing conditions are required
for reduction of the vitamin losses.

Micronutrient deficiency is a serious global health problem that is
widespread in developing countries. Deficiency of vitamin A, folic
acid, and iron can severely afflict the health of pregnant and lactating
women, infants, and children. Moreover, the Micronutrient Initiative
(MI) and United Nations International Children’s Emergency Fund
(UNICEF) reported that inadequate intake of micronutrients resulted
in the deaths of more than one million children, 250,000 birth
defects, and the deaths of approximately 50,000 young women
during pregnancy and childbirth (MI and UNICEF 2005). Fort
cation has been recognized by many national governments as an
important strategy to help improve the health and nutritional status of
millions of people (Wesley and Ranum 2004). Moreover, fortifica-
tion can be implemented and sustained over a long period, making it
the most cost-effective way to overcome micronutrient malnutrition
(Wesley and Ranum 2004; WHO/FAO 2003). Previous experience
has shown that fortification is technologically and economically
effective in increasing micronutrient intake in the human population
(Lotfi et al. 1996). Fortifying rice or rice products with micro-
mmns can be useful in overcoming nutrition deficiency problems.

Rice les, produced from rice flour, are one of the most pop-
ular and widely lnsumed noodles in Southeast Asia. Rice noodles
can, therefore, be a pofeltial carrier for fortificants such as vitamin A,
folic acid, and iron. Traditionally, rice noodles are made from
long-grain rice with medium to high amylose content (>22 g/100 g)
(Juliano and Sakurai 1985; Fu 2008). The general process of prep-
aration ice noodles involves soaking the grains of rice, wet
milling, cooking the rice slurry to gelatinize the rice starch,
kneading the slurry to obtain a cohesive dough, extruding the dough,
and finally subjecti the extruded rice noodles to boiling water.
Rice proteins lack the functionality of wheat gluten in forming
a cohesive dough structure. To create a uniform matrix in which the
starch granules are embedded, it is a common practice to produce
rice noodles in the food industry by boiling extruded rice dough that
has been incorporated with a binding agent such as tapioca, maize,
or sago starch (Hamdzah 1994).
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Eeparation of rice flour, a major component of rice noodles, is
one of the important factors governing rice noodle quality.
Among the quality attributes of rice noodles, cooki nd tex-
tural characteristics are the two main attributes offfife noodle
quality (Bhattacharya et al. 1999; Vangsawasdi et al. 2002;
Yoenyongbuddhagal and Noomhorm 2002; Hormdok and Noom-

nn 2007) that determine consumer acceptance. Rice noodles

should have a short cooki me, little cooking loss, and optimum
rehydration. Rice noodles are normally prepared from wet-milled
rice flour. An alternative time-saving and ¢e@rgy-saving method
has been conducted to prepare rice noodles from dry-milled flour
in place of wet-milled flour (Yocnyonghuddha and Noomhorm
2002; Fu 2008). However, wet- d flour tended to produce
better rice noodle quality than dry-milled flour.

Flour particle size is an important characteristic influencing the
quality ofzhany products. Various reports have documented the
influence of flour particle size on noodle quality (Suhendro et al.
2000; tchcr et al. 2002; Yoenyongbuddhagal and Noomhorm
2002). The appropriate particle size oé-millcd flour on quality of
fortified rice noodles and¥tention of vitamin A, folic acid, and iron
in the noodles, however, has not been studied.

In this study. effects of different particle sizes of rice flour
prepared by illing on the quality of fortified rice noodles and
retention of vitamin A, fi acid, and iron in the noodle were
investigated. The specific objectives of this study were 1) to ex-
amine the effect o -milled rice flour particle size (63, 80, 100,
125, and 140 pm) on the cooking quality, microstructure, texture,
and sensory characteris f the rice noodles, and 2) to investigate
its effect on retention of vitamin A, folic acid, and iron at each stage
of noodle processing.

MATERIALS AND METHODS

Rice Flour Preparation. A Malaysian rice variety (MR 219)
was procured from a local supermarket. Rice grains were dry-milled
with a rice miller (Good and Well, Malaysia) with a 200 pm sieve.
Rice flour samples were sieved with a sieving machine (Analysette
3, Fritsch, Germany) equipped with 200 mm diameter sieves of 63,
80, 100, 125, and 140 um particle sizes.

The chemical compositions and pasting properties of the rice
flour sample were analyzed in preliminary research. Ash and
moisture contents were determined following AOAC methods
923.03 and 925.10, respectively. Total fat was determined with
FOSS Soxtec 2050 automated system (FOSS, Sweden), which
complied with AOAC method 920.85. Total protein was determined
following a Kjeldahl method based on AOAC method 920.87
(AOAC 2005). The amylose content was determined with the FlAstar
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method (FOSS, Sweden), and an enzymatic digestion assay kit
(Megazyme, Ireland) was used to determine starch damage of rice
flour samples following AACC International Approved Method
76-31.01. Pasting properties were determined with a rapid viscosity
analyzer (Newport Scientific, Australia) based on AACCI Approved
Method 61-02.01.

Rice flour with each particle size was fortified with a dry blended
premix containing vitamin A, folic acid, and iron (FTO91283AP,
Fortitech Asia Pacific, Malaysia) at the level of 300 pg of vitamin A,
16 pg of folic acid, and 4.2 mg of iron per 100 g of flour, which
was based on the Malaysian Food Regulations (Malaysian Ministry
of Health 2007). Rice flour and premix were mixed by shaking
evenly in a closed plastic bottle for 30 min. The fortified rice
flour samples were packed in airtight plastic bags and stored at 4°C
until used.

Rice Noodle Preparation. The processing of rice noodles was
adopted from home industry (Hamdzah 1994) with some mod-
ifications, specifically that no binding agent was used in the noodle
production. An alternative to the usage of binding agents, flours
with different particle sizes were screened to produce good quality
noodles in terms of cooking and textural characteristics. All the
steps in the preparation of rice noodles were carried out under
subdued lighting conditions (intensity 377.1 lumens) to minimize
light destruction of the fortificant. Fortified rice flour with each
particle size was mixed with boiled water. The amount of boiled
water added was 60% of the total weight of the dough formed. The
mixture was kneaded until the dough was well homogenized. The
kneaded dough was extruded through the holes (3 mm in diameter)
of a cylindrical shaped mold. The extruded noodles were boiled in
water until they floated (10 min), transferred into cooled water
(26-27°C) for decelerating gelatinization, and strained. The noodles
processed with the aforementioned method were identified as fresh
rice noodles (RN). A portion of the RN was dried in an air circu-
lation oven (Venticell, Medcenter Einrichtungen, Germany) at 40°C
overnight (about 16 h), and the noodles were termed dried rice
noodles (DRN) with final moisture of 10-12%. Then, a portion of
the DRN was cooked (boiled) for 10 min prior to consumption and
labeled as cooked rice noodles {pl),

Evaluation of Rice Noodle Cooking Quality and Texture.
Cooking quality of the rice noodles was determined fdkBwing
AACCI Approved Method 66-50.01. Samples of DRN (5 g) were
cut into small pieces (2.0 cm in length) and boiled in 60 mL of water
until completely cooked (10 min). Cooked noodles were washed in
20 mL of distilled water, drained for 5 min, and weighed immedi-
ately. The cooking water was collected and transferred to a petri
and dried at 105°C to a constant weight. Cooking loss was
expressed as percentage of dry matter of the cooking water (solid
loss) to dry weight of the noodles. The rehydration was calculated as
the percentage increase in weight of the cooked noodles compared
wﬁzhe weight of dried noodles.

cooked noodles were kept in a covered petri dish, and texture
analysis was carried out within 15 mierith a TA-XT Plus texture
analyzer (Stable Micro Systems, U.K.), as described by Bhattacharya
et al. (1999). A strand of cooked noodle with 3.5 mm thickness was
compressed by a cylinder probe (35.0 mm diameter) until the de-
formation reached 75% at a speed of 1.0 mm/s. The pause between
the first and second compressions was 0.5 s. From the force-time
curve of the texture profile, textural parameters including hardness,
adhesiveness, springiness, cohesiveness, and chewiness were ob-
tained. Ten measurements were made for each sample.

Se#ry Evaluation. Sensory evaluation of CRN prepared
from flours with five different particle sizes (63, 80, 100, 125, and
140 pum) was determined by using the hedonic scale method of
measuring food preference (Lawless and Heymann 2010). It was

ied out with 50 consumers comprising students and staff at the
aculty aFood Science and Technology, Universiti Putra Malaysia.
Testing was conducted in the sensory laborato nsumers were
required to evaluate the aroma, appearance, taste, texture, and overall
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acceptability ofg: cooked rice noodles with the nine-point hedonic
scale in which 1 = dislike extremely, 2 = dislike very much, 3 =
dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike,
6 = like slightly, 7 = like moderately, 8 = like very much, and 9 = like
extre . Rice noodle samples were presented to the consumers on
plates coded with a three-digit random number. The order of samples
by treatment was completely randomized. Drinking water was pro-
vided to the consumers between the tests for mouth rinsing.

Microstructure OQbservation. DRN and CRN were cut into
0.5 cm pieces and lyophilized. The lyophilized DRN and CRN were
cut into 1-2 mm length, mounted on stubs with double-sided tape,
and sputter coated with gold (SCD005 sputter coater, BAL-TEC,
the Netherlands). The specimens were examined with a scanning
electron microscope (XL30 ESEM series D6929, Philips, the
Netherlands) at an accelerating voltage of 10 kV. Cross sections of
the DRN were observed at x3,000 magnification and at magnifi-
cations of x43 and x500 for the surfaces and cross sections of
the CRN.

Determination of Vitamin A. Vitamin A contents (as retinol
contents) of rice flour, fortified rice flour, and rice noodle
samples (RN, DRN, and CRN) were determined with an HPLC
system (1200 series, Agilent Technologies, U.S.A.) according to
AACCI Approved Method 86-06.01. The sample (5 g) was sa-
ponified with 10 mL of 50% potassium hydroxide solution at
85°C for 45 min and swirled every 10 min. The retinol was then
extracted by a solvent mixture of 1:1 ethanol-tetrahydrofuran.
The retinol in the samples was quantitated by using an HPLC
with UV detection at 323 nm. The standard (Sigma Aldrich,
U.S.A.) used for the retinol determination was prepared in the
same manner as the samples. Retinol content of each sample was
calculated by comparing the peak areas of retinol in samples and
those of standards.

Determination of Folic Acid. Folic acid contents of rice
flour, fortified rice flour, and rice noodle samples (RN, DRN,
and CRN) were determined with an HPLC system (1200 series,
Agilent Technologies) according to the method of Alaburda et al.
(2008). Sample (5 g) was extracted with 50 mL of tetraborate—
trichloroacetic acid buffer (pH 8.5). The extract was purified by
solid phase extraction on a strong anion exchange (500 mg/3
mL) cartridge and then quantitated with HPLC at 280 nm with a
UV detector. Standard folic acid solution in 0.1M sodium hy-
droxide was used to prepare a calibration curve. The calibration
curve was linear in the range of measurements. For quantitative
determination of folic acid peak areas of the sample, sample
chromatograms were correlated with the concentrations according
to the calibration curve of the folic acid (Sigma Aldrich) stock
standard solution.

Determination of Iron. Iron (elemental iron) contents of rice
flour, fortified rice flour, and rice noodle samples (RN, DRN,
and CRN) were determined with an atomic absorption spectro-
photometer (AA400, Perkin Elmer, U.S.A.) according to AACCI
Approved Method 40-70.01. The ground sample (5 g) was
charred in a muffle furnace and then ashed in a muffle furnace at
500°C overnight. The completely ashed sample was digested in 10
mL of concentrated hydrochloric acid. The digested sample was
cooled and diluted to 100 mL with distilled deionized water. The
absorbance was then measured at 248.3 nm with the atomic
absorption spectrophotometer. Calibration of the measurements was
performed with commercial standard solution (64271, Merck,
Germany).

Statistical Analysis. Three replicates were prepared for each
sample, and three replicates were taken under each of the specific
tests. All results were calculated on a dry weight basis to facilitate
the dir?comparison of the results, particularly for different sample
types. Data were subjected to analysis of variance followed by
Fisher’s least significant difference test to compare treatment
means; differences were considered at a significance level of 95%
(P < (0.05) with SPSS version 19 software.




RESULTS AND DISCUSSION

emical Compositions and Pasting Properties of the
Rice Flour Sample. The chemical composition of all samples
was as follows: moisture, 8.50-8.58%; ash, 0.40-0.48%; protein,
7.37-7.45%: fat, 0.45—@%; amylose, 23.14-23.30%; and starch
damage, 12.34-12.86%. There were no significant differences in the
chemical compositions of rice flour with different particle sizes
owing to the same grinding and sieving process being used to pre-
pare dry-milled rice flour.

Pasting temperatures of rice flour samples were 80.81-82.37°C.
Pastin nperature was reduced as particle size decreased (P <
0.05). Peak viscosity, hot paste viscosity, breakdown, final or cold
paste viscosity, and setback of rice flour samples varied with ranges
of 221.21-237.36, 150.67-160.56, 4-76.81, 317.38-332.53,
and 95.17-97.06 RVU, respectively. Peak viscosigl, hot paste vis-
cosity, breakdown, and final viscosity of the rice flours with larger
particle sizes were sigra:antly lower than those of the flours with
smaller particle sizes (P < 0.05). The results for setback, which
indicated the retrogradation tendency of the flours, were relatively
si rin all five flours studied.

ffect of Flour Particle Size on Rice Noodle Cooking
Quality and Texture. The oﬂwm cooking time of rice noodle
samples was 10.0 = 0.12 min. Cooking quality of the rice noodle
samples igesented in Table I. Cooking loss and rehydration sig-
nificantly decreased with a decrease in the particle size of the rice
flour (P < (0.05). This decrease was because the smaller particle size
rice flour had a higher surface area that allowed for rapid absorption
of water, and starch granule swelling quickly resulted in starch that
casily gelatinized at a lower temperature. This concept was sup-
ported hm: lower pasting temperature and the higher paste vis-
cosities (peak visc#‘y. hot paste viscosity, breakdown, and final
viscosity) for finer tlours, indicating a higher proportion of gelati-
nized starches in the smaller particle size flours. The amount of
gelatinized starch is important for rice noo structure because it
acts as a binder during extrusion (Fu 2008). These results indicated
that reduction of rice flour particle size enhanced the cooking
quality of the rice noodles. The lower degree of rehydration of the
noodles did not result in unacceptable texture, as shown later in the
sensory evaluation section. q

Table 1 shows that the textural properties of rice noodles were
affected by rice flour particle size. Hardness, adhesiveness,

springiness, cohesiveness, and chewiness of les prepared from
small particle size flour were significantly higher than those of
noodles ptpared from larger particle size flour (P < 0.05). The rice
noodles had firmer texture, less stickiness, and higher springiness,
cohesiveness, and chewiness, representing better quality rice noo-
dles (Bhattacharya et al. 1999; Sovizhagya and Ali 2001; Fu 2008).
These differences were because the starch granules in the rice
noodles prepared from finer flours were more severely gelatinized
than those prepared from coarser flours, because more heat and
water penetrated into the cores of the starch granules in the smaller
particle size flours. This cm?ion was also supported by the lower
pasting temperature and the higher paste viscosities for finer flours,
indicating that smaller particle size flour reached the onset gelati-
nization temperature more quickly and exhibited greater thickening
behavior than larger particle size flour. Therefore, the flour sample
with the smallest particle size produced the best rice noodles in
terms of texture. This observation was in agreement with the result
found by Hatcher et al. (2002), who stated that cooked wheat
noodles made from l% particle size flour had the best textural
parameters. Similarly, the better ture quality of noodles prepared
from smaller particle size flours was in agreement with the smaller
particle size effect on sorghum noodles (Suhendro et al. 2000) and
also on rice vermicelli (Yoenyongbuddhagal an mhorm 2002).

Sensory Evaluation of Rice Noodles. Results of sensory
evaluation of the rice noodles in terms of aroma, appearance, taste,
texture, and overall acceptability are presented in Table I1. Scores

ined with hedonic scales for appearance, taste, texture, and
overall acceptability of rice noodles prepared from smaller particle
size flours were significantly higher than those of noodles prepared
from larger particle size fl (P < 0.05). Particle size of flour did
not affect the aroma of the rice noodles. The aroma of rice noodles
was a minor quality attribute from a consumer point of view com-
pared with other characteristics.

Rice noodles prepared from the smallest particle size flour re-
ceived scores close to and higher than 7 (like moderately) for ap-
Glrancc, texture, and overall acceptability attributes and obtained
scores higher than 6 (like slightly) for taste. arding appearance,
texture, and overall acceptability attributes, rice noodles prepared
from the smallest particle size had the longest strand, best retention of
shape, best firmness, least adhesive, absence of discoloration, and
highest glossiness and transparency, which determined the highest
score hy consumer acccplancc.

TABLE I
Cooking and Textural Qualities of Rice Noodles Prepared by Using Flours with Different Particle Sizes*

g Cooking Quality Textural Quality

Particle Size (pm) oking Loss (%) Rehydration (%) Hardness (g) Adhesiveness (g's) Springiness Cohesiveness Chewiness (g'mm)
<63 8.05 £ 0.14a 20039 + 2962 2,369.00 + 8.06a 8703 +1204a 078 +0.16a 049 +0.0da 91167 +27.82a
80 8.47 = 0.20b 307.56 = 3.16b  2,186.00 = 18.7lab 56,67 = 17.79b  0.67 = 0.06ab 0.52 = 0.03a  774.67 = 15.64ab
100 9.15 = 0.08¢c 319.08 = 2.32¢  2,168.67 = 4.74ab 60.00 = 22.54b  0.70 = 0.0lab 0.51 = 0.02a  775.67 = 51.05ab
125 10.17 £ 0.10d 334.44 £ 6.3%cd  2,063.67 + 9.30be 5100 £ 7.00b 0.72 £ 0.04ab 048 £ 0.02ab  704.67 + 28.11ab
140 10.81 £ 0.03e 49.00 £ 9.00b 0.68 + 0.44ab 042 = 0.05b  535.67 = 10.58b

350.93 = llgd 1,848.67 + 4.80c

* Walues are means + SDs of triplicate determinations. Means for each characteristic followed by the same letter within the same column are not significantly

different at P < 0.05 by LSD test.

TABLE 11
Mean of Hedonic Sl@ for Consumers’ Acceptance of Rice Noodles Prepared by Using Flours with Different Particle Sizes®
Particle Size (pum) roma Appearance Taste Texture Overall Acceptability
<63 574 £1.93a 7.32 £ L.13a 6.12 £ 145 6,92 £ 1.26a 7.02£1.12a
80 5.64 £ 1.69a 6,44 = 1.18b 5.80 = |.46ab 6.24 £ 1,39 6.36 = 1.17b
100 558 = 1.75a 5.76 = 1.32¢ 5.36 = 1.60b 522 = 1.48¢ 5.56 = 1.36¢
125 574 £ 1.52a 5.14 = 1.40d 5.24 = 1.48b 4.44 = 1.46d 4.80 = 1.46d
140 6. 1.57a 430 = 1.58¢ 5.14 = 1.74b 3.660 = 1.73e 398 = 1.6le

* Yalues are means = SDs: n = 50. Nine-point hedonic scale: 1 = dislike extremely; 2 = dislike very much; 3 = disﬂ moderately; 4 = dislike slightly; 5 = neither
like nor dislike; 6 = like slightly; 7 = like moderately; 8 = like very much: and 9 = like extremely. Means for each characteristic followed by the same letter within

the same column are not significantly different at P < 0.05 by LSD test.
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Microstructure of Rice Noodles. The particle size of rice
flour influenced the starch gelatinization, which in turn affected the
noodle mic cture, The microstructures of DRN prepared by
using flours with different particle sizes are shown in Figure 1.
Starch gelatinization in the rice noodles influenced the network
formation of bonded swollen starch granules present in the porous
structure of the DRN. A stronger and higher proportion of gelati-
nized starch in the rice noodles prepared with finer particle size
flours caused more rupture of the swollen granules and resulted in
these noodles having the least porous and most regular structure
with more visible swollen starch granules (Fig. 1A) than in those
prepared from coarser flours (Fig. 1E).

Figure 2 shows the cross sections of CRN, which exhibited
completely gelatinized rice noodle structure with a visibly swollen
starch network. CRN prepared from the smallest particle size flour
showed the most regular structure with the fewest pores (Figs. 2A
and F), because the smallest particle size flour had the most severe
gelatinization and the most physical entrapment, which in turn gave
the best network. In contrast, CRN prepared from the largest par-
ticle size flour exhibited the most irregular structure with the most
%res (Figs. 2E and I). This result was consistent with the findings
that the starch granules in rice noodles prepared from finer flours
were more severely gelatinized, resulting in lower cooking loss than
foflloodles prepared from coarser flours.

ect of Flour Particle Size on Retention of Vitamin A,
Folic Acid, and Iro@ Rice Noodles During Different
Stages of Processing. Vitamin A and folic acid were not detected
in rice flour samples. The initial content of iron in rice flour samples
was 0.99-1.04 mg/100 g. Vitamin A, folic acid, and iron contents of
fortified rice noodle samples (RN, DRN, and CRN) prepared by
using flours five different particle sizes are shown in Figures 3,
4 and 5. The particle size of rice flour substantially influenced the
retention of fortificants in the rice noodle samples. The retention of
forti s in the rice noodle samples significantly decreased (P <
0.05) with an increase in the particle size of rice flour, because rice

noodles prepared from small particle size flour had a stronger and
higher proportion of gelatinized starch, resulting inp‘uorc compact
eaching of the

noodle structure. This condition resulted in less

fortificants into the surrounding water during the boiling process
and CRN preparation.

The health claim regulation states that fortified products must
contain at least 15% of the recommended daily intake for the
specific nutrient per serving of food (Bui and S 2009). The
retention of fortificants in the rice noodle samples decreased with
an increase in the particle size of the rice flour. Vitamin A, folic
acid, and iron retention in CRN was in the range of 15.36-7.71,
12.66-7.26, and 87.58-86.78%, respectively, for the five types of
rice noodle sampld. Thus, rice noodles prepared with finer
particle size flour could be a good vehicle for iron fortification,
but losses of vitamin A and folic acid would still be substantial.

Besides flour particle size, another factor that affected the re-
tention of fortificants in the rice noodle samples was processing.
The mean retention of vitamin A in the five types of rice noodle
samples decreased from 100% in fortified rice flour to 31.82 +
3.17% in RN, 27.48 + 3.45% in DRN, and 11.16 + 2.16% in CRN.
There were losses of vitamin A at each stage of rice noodle pro-
cessing. These large losses of fat-soluble vitamin A, however, oc-
curred when the noodles were cooked in boiling water, This result
might be because vitamin A rapidly loses its activity when he am
the presence of oxygen, especially at higher temperatures. S
result was in good agreement with that of LeSkova et al. (2006), who
stated that boiling seemed to be the most damaging process (up to
67% losses) affecting vitamin A stability. Lee et al. (2000) reported
that about 20% of retinyl palmitate was measured in excess water
during boiling of retinyl palmitate—fortified Ultra Rice.

The step of drying the rice noodles for 1825 at 40°C for preparation of
DRN resulted in a 4% loss of vitamin A. This result was supported by
the findings of O'Brien and Roberton (1993), who reported that during
the processing of macaroni, oven drying for 9-12 h at 50°C resulted in
a 14% loss of vitamin A. Furthermore, the presence of iron could have
accelerated the degradation of vitamin A in the rice noodle samples
(Manan et al. 1991; Manan and Ryley 1994; Wirakartakusumah and
Hariyadi 1998; Pinkaew et al. 2012), because iron can produce a cata-
Iytic effect on oxidative decomposition of vitamin A.

The mean retention of folic acid in the five types of rice noodle
samples decreased from 100% in fortified rice flour to 45.76 £ 3.18%

Fig. 1. Cross sections of dried fortified rice noodles prepared by using flours with different particle sizes. A, <63 um; B, 80 pm; C, 100 pum; D, 125 pm;

and E, 140 um at x3,000 magnification.
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in RN, 44.63 = 3.50% in DRN, and 9.73 % 2.29% in CRN. The loss of added folic acid in fortified foods might have only been physically
folic acid in rice noodles during processing was caused pre- bound and, thus, could be released by simple boiling. Several studies
dominantly by leaching rather than oxidation. Furthermore, Arcot and have reported that leaching was the major factor responsible for the
Shresta (2005) reported that unlike most of the foods in which folates loss of folic acid in foods. Dang et al. (2000) reported that boiling
are bound to the macromolecules forming a complex food matrix, contributed to a loss of about 509% of folic acid in chickpeas and peas.

Fig. 2. Cross sections of cooked fortified rice noodles prepared by using flours with different particle sizes. A, <63 pm; B, 80 pm: C, 100 pm: D, 125 pm:
and E, 140 pm at x50 magnification. F, <63 pm: G, 80 pm; H, 100 pm: I, 125 pm: and J, 140 pm at 1,500 magnification.
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For Asian noodles, boiling contributed to losses of about 38 and 40%
of folic acid in white salted noodles and yellow alkaline noodles,
respectively (Bui and Small 2007). Similar to vitamin A, the presence
of iron could increase the folic acid loss (Li et al. 2011).
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Fig. 3. Vitamin A contents (ug/100 g) of fortified rice noodles prepared
by using flours with different particle sizes. Vitamin A contents are means +
SDs of triplicate determinations. FRF = fortified rice flour; RN = fresh rice
noodles; DRN = dried rice noodles; and CRN = cooked rice noodles.
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Fig. 4. Folic acid contents (pg/100 g) of fortified rice noodles prepared by
using flours with different particle sizes. Folic acid contents are means =
SDs of wriplicate determinations. FRF = fortified rice flour; RN = fresh
rice noodles; DRN = dried rice noodles; and CRN = cooked rice noodles.
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Fig. 5. Iron contents (mg/100 g) of fortified rice noodles prepared by
using flours with different particle sizes. Iron contents are means + SDs of
triplicate determinations. FRF = fortified rice flour; RN = fresh rice
noodles; DRN = dried rice noodles: and CRN = cooked rice noodles.
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Compared with vitamins, iron as a mineral was very stable under
extreme processing conditions (Watzke 1998; Singh et al. 2007).
The mean retention of iron in the five types of rice noodle samples
decreased from 100% in fortified rice flour to 95.10 + 0.48% in RN,
94.59 +0.28% in DRN, and 87.23 £ 0.31% in CRN. The loss of iron
was low compared with other studies, most of which have reported
losses of 20% (Adams and Erdman 1988; Lachance and Fisher
1988; Bishnoi and Khetarpaul 1995). Hu (2005) reported that an
oxidation reaction might happen to the iron fortificants when they
were cooked. However, iron has good oxidation resistance during
food processing because it starts from a zero oxidation state. Rel-
atively large losse iron occurred when the noodles were cooked
in boiling water. This result was supported by the findings of
Watzke (1998), who reported that the primary mechanism of loss of
iron as with other minerals was through leaching into the cooking
water.

CONCLUSIONS

Rice noodles could be a good vehicle for iron fortification be-
cause up to 87% of the iron was retained in the cooked rice noodles.
Losses of vitamin A and folic acid from the rice noodles were high,
whereby only 8-15% of vitamin A and 7-13% of folic acid were
retained after cooking, even when the particle size of the flour was
reduced from 140 um to less than 63 pm. Reduction in the particle
size of the rice flour not only led to a rﬁc;}; in the losses of the
fortificants but also to an improvement in t king quality, texture,
and sensory properties of the rice noodles. Because the losses of the
fortificants from the rice noodles were mostly owing to processing,
further efforts will be made to optimize the processing conditions.
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