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Abstract: Rice noodles are usually manufactured using rice grains of the main crop. There is limited
information available on rice noodles processed from ratoon rice grains. In this study, two-year field
experiments were conducted to compare the cooking and texture properties of noodles and the grain
chemical properties of ratoon crops with those of main crops from two rice cultivars (Guichao 2
and Zhenguiai) that are widely used for processing noodles. Results showed that the cooked break
rate and the cooking loss rate of rice noodles processed from grains of the ratoon crop were similar
to those of the main crop in both cultivars; however, changes in texture of cooked rice noodles
processed from grains of the ratoon crop compared with the main crop were cultivar-dependent,
being significantly softer in Zhenguiai but not in Guichao 2. Hardness and chewiness of cooked rice
noodles were significantly negatively correlated with amylopectin content in milled rice grains in
Zhenguiai, indicating that amylopectin content is a key chemical property determining the texture
differences between rice noodles processed from grains of ratoon and main crops.
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1. Introduction

Rice ratooning—an ancient labor-saving rice-cultivation practice—refers to the culti-
vation of a second rice crop regenerated from the stubble of the main crop after harvest [1].
Adoption of this practice is becoming more and more widespread in China with the devel-
opment of multiple high-yielding and high-efficiency management strategies, including
the use of high-yielding cultivars, mechanical harvesting of the main crop, and optimal
water and nutrient management [2]. In addition, the development of rice ratoon crops is
generally considered to improve the grain quality of rice and hence meet the substantially
increased demand for high-quality rice in China due to improved economic and living
standards [3].

The grain quality of rice is a composite characteristic that includes milling recovery,
appearance, cooking, eating, and nutritional properties [4]. Among these properties, eating
quality is considered the most important in the satisfaction of consumers [5]. Most of
Chinese consumers prefer soft-texture cooked rice with low amylose content of about 15%
(or 150 mg g~ !) or even lower [6]. Although ratoon rice crops generally have better grain
quality than the main crop [3], their grain quality is highly dependent on the genotype.
There is still a certain number of high-amylose cultivars in rice production of China, and
the eating quality of ratoon rice from such cultivars cannot meet the consumer preference
for cooked rice with soft texture. However, high-amylose cultivars are important in terms
of rice products. In particular, rice grains with high amylose content (>22% or 220 mg g~ 1)
are suitable for processing rice noodles [7], which are a traditional and popular staple food
item in Southern China [8].
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Rice noodles are usually processed using rice grains of the main crop. There is
limited information available on rice noodles processed from rice grains of the ratoon
crop. It has been well-documented that the quality (e.g., cooking and texture properties)
of rice noodles is closely correlated with the chemical properties of rice grains, such as
total starch, amylose, amylopectin, and protein contents [7,9,10], and amylose content is
considered as the most important determinant of rice noodle quality [11,12]. In general, the
cooked break rate and the cooking loss rate of rice noodles have a negative correlation with
amylose content, while hardness and chewiness of rice noodles have a positive correlation
with amylose content. There have been studies investigating differences in rice grain
amylose content between ratoon and main crops [13—-15], but the results are not entirely
consistent. Deng et al. [13] and Zhang et al. [15] observed that the rice ratoon crop had
significantly higher grain amylose content than the main crop, whereas Kuang et al. [14]
reported that the difference in grain amylose content between ratoon and main rice crops
was dependent on cultivars and varied from significantly lower, to no significant change,
to significantly higher. Moreover, these previous studies only used rice cultivars with low—
intermediate amylose content (8-21% or 80-210 mg g~ !), most of which are not preferred
for manufacturing rice noodles [7].

In the present study, cooking properties and texture profiles of noodles and grain
chemical properties of ratoon crops were compared with those of main crops from two rice
cultivars that are widely used for processing noodles. The objectives of the present study
were to determine the quality characteristics of noodles processed from rice grains of the
ratoon crop and identify the related key chemical properties of grains.

2. Materials and Methods
2.1. Experimental Details

Field experiments were conducted at Pingtou Village (28°09' N, 113°37’ E, 43 m asl),
Yongan Town, Liuyang City, Hunan Province, China, in 2020 and 2021. The soil of the
experimental field belonged to clay, which had a pH of 6.26, organic matter of 36.7 g kg !,
total N of 1.56 g kg~ !, total P of 1.08 g kg™, total N of 9.79 g kg~!, NaOH-hydrolyzable
N of 205 mg kg !, NaHCOs-extractable P of 35.4 mg kg !, and NH,OAc-extractable K of
100 mg kg~ ! at the 0-20 cm layer before the experiment was begun in 2020.

Two rice cultivars, Guichao 2 and Zhenguiai, were used in the experiment. These
two cultivars are indica inbreeds and their grains have been widely used for making rice
noodles in China. The seeds of Guichao 2 and Zhenguiai were, respectively, provided by
the Sichuan Academy of Agricultural Sciences and the Guangxi University.

In each year, Guichao 2 and Zhenguiai were arranged in a completely randomized
block design. The experiment was replicated three times with a plot size of 35 m?. Seedlings
were raised on a wet seedbed on 25 March in both 2020 and 2021. Seedlings were manually
transplanted on 20 and 26 April in 2020 and 2021, respectively. The transplanting was
manually carried out with three seedlings per hill and at a hill spacing of 20 cm x 16.7 cm.
N fertilizer (300 kg N ha~!) was applied in five splits: 25% at one day before transplanting,
15% at seven days after transplanting, 10% at panicle initiation, 25% at twenty days after
heading of the main crop, and 25% at three days after harvesting the main crop. P fertilizer
(75 kg P205 ha~!) was applied one day before transplanting. K fertilizer (225 kg KO ha™1)
was applied in three equal split doses at one day before transplanting, panicle initiation,
and twenty days after heading of the main crop. The plots were flooded through the whole
experimental period with a water depth of 5-10 cm, except that the water was drained
for seven days before harvesting main and ratoon crops. The main crop was harvested by
hand with a stubble height of about 30 cm above ground. Insects, pathogens, and weeds
were controlled using chemicals. Heading and maturity dates and daily mean temperature
during the ripening period (i.e., the period from heading to maturity) for each crop of each
cultivar in each year are provided in Table 1.
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Table 1. Heading and maturity dates and daily mean temperature during the ripening period for
main and ratoon crops of two cultivars, Guichao 2 and Zhenguiai, grown in 2020 and 2021.

Main Crop Ratoon Crop
Cultivar ; 3 3 3
Heading Maturity Temperature (°C) Heading Maturity Temperature (°C)
2020
Guichao 2 11 July 9 August 30.1 27 August 1 October 23.5
Zhenguiai 2 July 2 August 28.9 23 August 28 September 242
2021
Guichao 2 15 July 15 August 29.4 7 September 11 October 26.4
Zhenguiai 10 July 8 August 30.4 3 September 4 October 28.1

2.2. Sampling and Measurements

About 1500 g of rice grains was sampled from each plot for both main and ratoon
crops. The rice grain samples were sun-dried, kept at room temperature for three months,
and then processed into milled rice.

Approximately 5 g of whole milled rice was ground into flour to determine moisture,
starch, amylose, amylopectin, and protein contents. The moisture content was determined
by oven-drying at 70 °C to a constant weight. The total starch content was measured with
a P850 Pro digital polarimeter (Jinan Hanon Instruments Co., Ltd., Jinan, China). The
amylose content was determined by the iodine colorimetric method [16]. The amylopectin
was calculated as the difference between the total starch content and the amylose content.
The protein content was determined by multiplying N content by a N-to-protein conversion
factor of 5.95 [17], where the N content was measured with a Skalar SAN Plus segmented
flow analyzer (Skalar Inc., Breda, The Netherlands). The starch, amylose, amylopectin, and
protein contents were adjusted to a moisture content of 13.5%.

About 500 g of milled rice was used to process rice noodles with a 5-MFD15B automatic
rice-noodle-processing machine (Hunan Fenshifu Machinery Technology Co., Ltd., Loudi,
China), according to the procedure described by Huang et al. [10]. Thirty noodles were
randomly selected and cut into 20 cm-long sections to determine cooking properties and
texture profiles. The noodles were boiled in distilled water for 7 min after weighing. Broken
noodles were counted, and solids lost to cooking water were weighed after oven-drying
at 105 °C to a constant weight. The cooked break rate (number of broken noodles/total
number of noodles x 100) and the cooking loss rate (dry weight of solids lost to the
cooking water/weight of uncooked rice noodles) were calculated. A Rapid TA+ texture
analyzer (Shanghai Tengba Instrument Technology Co. Ltd., Shanghai, China) was used
to determine the texture profiles (hardness, springiness, cohesiveness, resilience, and
chewiness) of cooked rice noodles.

2.3. Statistical Analysis

Data were analyzed using analysis of variance (ANOVA), the least significant dif-
ference (LSD) test, and Pearson’s correlation analysis (Statistix 8.0, Analytical software,
Tallahassee, FL, USA). The ANOVA was performed for each cultivar separately, using the
statistical model that included replication, crop (main and ratoon), year, and the interaction
between crop and year. For parameters that were significantly affected by the interaction
between crop and year, the LSD test was employed following the ANOVA to compare
means of combinations of two crops and two years. The Pearson’s correlation analysis
was carried out between selected cooking or texture properties with grain chemical prop-
erties for each cultivar, where the selected cooking or texture properties were those that
significantly differed between main and ratoon crops in at least one cultivar.
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3. Results
3.1. Cooking Properties and Texture Profiles of Rice Noodles

The difference in the cooked break rate of rice noodles was not significant between
main and ratoon crops in either Guichao 2 or Zhenguiai (Table 2). In Guichao 2, the cooking
loss rate of rice noodles was not significant between main and ratoon crops in 2020 but was
significantly lower in the ratoon crop compared with the main crop in 2021. In Zhenguiai,
there was no significant difference in the cooking loss rate of rice noodles between main
and ratoon crops. Hardness and chewiness of cooked rice noodles were not significantly
different between main and ratoon crops in Guichao 2, whereas they were 18% lower in the
ratoon crop compared with the main crop in Zhenguiai across two years (Table 3). There
were no significant differences in springiness, cohesiveness, or resilience of cooked rice
noodles between main and ratoon crops in either Guichao 2 or Zhenguiai.

Table 2. Cooked break rate and cooking loss rate of noodles processed from rice grains of main and
ratoon crops of two cultivars, Guichao 2 and Zhenguiai, grown in 2020 and 2021.

Year Crop Cooked Break Rate (%) Cooking Loss Rate (%)
Guichao 2
2020 Main 0.00 536 £0.22b
Ratoon 0.00 598 £0.25b
2021 Main 1.11+1.11 709+ 0.35a
Ratoon 111+ 111 553 £0.36 b
Analysis of variance
Crop Ns ns
Year Ns ns
Crop x Year Ns **
Zhenguiai
2020 Main 111+ 111 5.75£0.26
Ratoon 3.33 £1.92 7.34 + 0.57
2021 Main 0.00 5.81 £0.54
Ratoon 0.00 5.97 +0.30
Analysis of variance
Crop Ns ns
Year Ns ns
Crop x Year Ns ns

Data are mean =+ standard error of three replicates. ns denotes non-significance at the 0.05 probability level.
** denotes significance at the 0.01 probability level. Within a column, means not sharing the same lowercase letter
are significantly different according to the LSD test at the 0.05 probability level.

3.2. Chemical Properties in Rice Grains

There was no significant difference in total amylose content in milled rice grains
between main and ratoon crops in Guichao 2 (Table 4). The ratoon crop had 4% higher
total starch content in milled rice grains compared with the main crop in Zhenguiai in 2020,
while the difference was not significant in 2021. Amylose content in milled rice grains was
not significantly different between main and ratoon crops in Guichao 2, while the ratoon
crop had 3% lower amylose content in milled rice grains than the main crop in Zhenguiai
across two years. Amylopectin content in milled rice grains was not significantly different
between main and ratoon crops in Guichao 2, whereas amylopectin content in milled rice
grains was 4% higher for the ratoon crop compared with the main crop across two years.
Protein content in milled rice grains was 10% higher for the ratoon crop than for the main
crop in Guichao 2 in 2020, whereas the difference was not significant in 2021. The difference
in protein content in milled rice grains was not significant between main and ratoon crops
in Zhenguiai in 2020, while in 2021 the ratoon crop had 29% higher protein content in
milled rice grains compared with the main crop.
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Table 3. Texture profiles of cooked noodles processed from rice grains of main and ratoon crops of
two cultivars, Guichao 2 and Zhenguiai, grown in 2020 and 2021.

Year Crop Hardness (g) Springiness Cohesiveness Resilience Chewiness (g)
Guichao 2
2020 Main 2097 + 228 0.912 £ 0.001 0.826 + 0.002 0.602 + 0.009 1578 £ 170
Ratoon 1812 + 209 0.919 £ 0.004 0.849 £ 0.014 0.616 £ 0.009 1410 + 145
2021 Main 1729 + 122 0.907 £ 0.002 0.839 £ 0.003 0.590 £ 0.008 1316 £ 93
Ratoon 2405 + 173 0.907 £ 0.003 0.821 + 0.006 0.587 £ 0.010 1787 £ 113
Analysis of variance
Crop Ns ns ns ns ns
Year Ns * ns ns ns
Crop x Year Ns ns ns ns ns
Zhenguiai
2020 Main 2854 + 126 0.910 + 0.004 0.807 + 0.007 0.572 £ 0.005 2092 +70
Ratoon 2017 £ 197 0.907 £ 0.002 0.814 £ 0.003 0.584 + 0.011 1488 + 143
2021 Main 2522 £ 78 0.910 & 0.003 0.810 £ 0.004 0.570 & 0.006 1858 + 69
Ratoon 2416 + 181 0.897 £ 0.004 0.809 + 0.004 0.572 £ 0.009 1750 £ 117
Analysis of variance
Crop * ns ns ns *
Year Ns ns ns ns ns
Crop x Year Ns ns ns ns ns
Data are mean =+ standard error of three replicates. ns and * denote non-significance and significance at the 0.05
and 0.01 probability level, respectively.
Table 4. Starch and protein contents in milled rice flour of main and ratoon crops of two cultivars,
Guichao 2 and Zhenguiai, grown in 2020 and 2021.
Starch Content (mg g~1)
Year Crop - Protein Content (mg g—1)
Total Amylose Amylopectin
Guichao 2
2020 Main 741 £5 2657 476 £ 7 67.7+02b
Ratoon 775 + 4 270+ 6 505+ 9 743 £09a
2021 Main 744 £ 15 262 +3 482 + 12 776 £25a
Ratoon 743 £1 260 £2 484 +1 754+31a
Analysis of variance
Crop Ns ns ns ns
Year Ns ns ns *
Crop x Year Ns ns ns *
Zhenguiai
2020 Main 737 £9b 281 +1 456 + 9 77.0 £ 2.3 bc
Ratoon 764 +5a 277+ 3 487 + 6 81.1+0.7b
2021 Main 730£7b 268 + 4 463 £ 6 724+02c
Ratoon 724 +£4Db 254 £3 470 +£3 933+10a
Analysis of variance
Crop Ns * * w
Year ** ** ns *
Crop x Year * ns ns **

Data are mean =+ standard error of three replicates. ns denotes non-significance at the 0.05 probability level. *
and ** denote significance at the 0.05 and 0.01 probability levels, respectively. Within a column for each cultivar,
means not sharing the same lowercase letter are significantly different according to the LSD test at the 0.05
probability level.

3.3. Correlations between Hardness and Chewiness of Cooked Rice Noodles and Chemical
Properties in Rice Grains

Hardness and chewiness of cooked rice noodles were not significantly correlated
with total starch, amylose, or protein contents in milled rice grains in either Guichao 2 or
Zhenguiai (Table 5). There were no significant correlations between hardness and chewiness
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of cooked rice noodles with amylopectin content in milled rice grains in Guichao 2, whereas
hardness and chewiness of cooked rice noodles were significantly negatively correlated
with amylopectin content in milled rice grains in Zhenguiai.

Table 5. Pearson’s correlation coefficients between hardness and chewiness of cooked rice noodles
with total starch, amylose, amylopectin, and protein contents in milled rice flour in two rice cultivars,
Guichao 2 and Zhenguiai, grown in 2020 and 2021.

Hardness Chewiness
Chemical Properties

Guichao 2 Zhenguiai Guichao 2 Zhenguiai
Total starch content —0.457 —0.644 —0.390 —0.615
Amylose content —0.530 0.146 —0.469 0.190
Amylopectin content —0.370 —0.982 * —0.306 —0.982 *
Protein content —0.272 —0.291 —0.286 —0.343

* indicates a significant correlation at the 0.05 probability level.

4. Discussion

Prior to the present study, there was limited information about the quality of rice
noodles processed from grains of ratoon crops. The results of this study showed that
the cooked break rate and the cooking loss rate of rice noodles processed from grains of
the ratoon crop were similar to those of the main crop. This finding suggests that rice
ratooning does not affect the cooking properties of rice noodles. In addition, this study
showed that the change in texture of cooked rice noodles processed from grains of the
ratoon crop compared with the main crop varied between cultivars, being significantly
softer (i.e., significantly lower hardness and chewiness) in Zhenguiai but not in Guichao 2.
This might be partially associated with differences between Guichao 2 and Zhenguiai in the
growth and development process and the temperature during the ripening period (Table 1).
The results of this study suggest that the effect of rice ratooning on texture properties of
rice noodles is dependent on cultivar, indicating that further studies with more cultivars
grown under more environments are required to obtain a general understanding of the
texture properties of rice noodles processed from ratoon crop grains.

Grain amylose content is an important determinant of the quality of rice noodles, and
higher hardness and chewiness of cooked rice noodles are generally associated with higher
amylose content in the rice grain [11,12]. In this study, amylose content in milled rice grains
of ratoon crops was significantly lower than that of main crops in Zhenguiai. However,
this lower amylose content might not be responsible for the lower hardness and chewiness
of cooked rice noodles processed from grains of the ratoon crop compared with the main
crop in Zhenguiai, because there were no significant correlations between hardness and
chewiness of cooked rice noodles with amylose content in rice grains.

More importantly, this study showed that (1) amylopectin content in milled rice grains
of the ratoon crop was significantly higher than that of the main crop in Zhenguiai; (2) the
hardness and chewiness of cooked rice noodles were significantly negatively correlated with
amylopectin content in milled rice grains in Zhenguiai. These results suggest that the lower
hardness and chewiness of cooked rice noodles processed from grains of the ratoon crop
compared with the main crop in Zhenguiai were attributable to higher amylopectin content
in milled rice grains. Grain amylopectin content has been well-documented as a factor
affecting the texture of rice products including rice noodles, i.e., higher amylopectin content
results in a softer texture [18,19]. Furthermore, there have been reports that the branched-
chain length distribution of amylopectin is also essential in determining the texture of
rice noodles [20], and rice ratooning can alter the proportion of short and long chains in
grain amylopectin [15]. These findings highlight the need for further investigations to
determine whether the change in texture of rice noodles processed from grains of the ratoon
crop compared with the main crop is associated with a change in amylopectin structure
in Zhenguiai.
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The advantages of rice-ratooning systems have been widely recognized [1-3]. There
are, however, some concerns for newcomers to adopt rice-ratooning systems. In particular,
ratoon crops generally have non-uniform heading dates, which may result in inconsistent
grain maturity and consequently low head rice recovery, although considerable head rice
recovery (55-65%) can be achieved in some rice cultivars [21]. However, this concern is not
valid for the rice-ratooning system grown to produce rice grains for processing rice noodles,
because broken rice grains can also be used to make rice noodles. We suggest conducting
further studies to comprehensively evaluate this special-purpose rice-ratooning system.

5. Conclusions

Rice noodles processed from grains of ratoon crops have similar cooking properties
to those processed from grains of main crops in two cultivars (Guichao 2 and Zhenguiai),
which are widely used for processing rice noodles. The differences in texture properties
(hardness and chewiness) of cooked rice noodles between ratoon and main crops are
cultivar-dependent, because they were not significantly different in Guichao 2 but were
significantly different in Zhenguiai. Grain amylopectin content is a key chemical property
determining differences in texture properties between rice noodles processed from grains of
ratoon and main crops. Lower grain amylopectin content is responsible for softer textures
of rice noodles processed from grains of the ratoon crop compared with the main crop
in Zhenguiai.
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