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A B S T R A C T

This study aimed to clarify the starch digestion characteristics and related physicochemical properties of the 
newly developed low-GI rice variety, Ditangliangyou 335 (D335), in comparison with two widely grown rice 
varieties, Xiangzaoxian 45 (X45) and Zhongzao 39 (Z39). The results showed that D335 had an active digestion 
duration (286 min) that was 101–190 % shorter, a glucose production rate (1.06 mg g− 1 min− 1) that was 57–73 
% slower, and a total glucose production (303 mg g− 1) that was 11–19 % less than X45 and Z39. These dif-
ferences were attributable to the distinct starch physicochemical properties, including amylose content, amylose- 
to-amylopectin ratio, starch granule size, amylopectin chain length, and starch molar mass, as well as the 
different pasting properties of rice flour, such as pasting temperature and breakdown viscosity. These findings 
reveal the starch digestion characteristics and the key physicochemical properties that determine these char-
acteristics in the low-GI rice variety D335.

1. Introduction

Rice, a high-carbohydrate food, typically has a high or medium-high 
glycemic index (GI) (Ngo et al., 2023). China, the world's largest rice 
consumer, has an annual rice consumption of 150 million tons and a per 
capita consumption of 77 kg per year (OECD-FAO, 2022). The country 
also has the highest number of diabetics globally, with 141 million 
people diagnosed with diabetes, alongside 27 million individuals with 
impaired fasting glucose and 170 million with impaired glucose toler-
ance (IDF, 2021). Although the direct link between increased rice con-
sumption and a higher risk of diabetes in China remains inconclusive 
(Huang, 2023), developing rice varieties with a lower GI is crucial for 
reducing the prevalence of diabetes in the country (Huang & Hu, 2021).

The starch digestion rate represents a major factor in determining the 
GI of foods, with slower starch digestion leading to a lower GI (Yang 
et al., 2023). Starch consists of two polysaccharides: amylose, a linear 
chain of glucose molecules connected by α-1,4-glycosidic bonds, and 
amylopectin, a highly branched polymer made up of glucose molecules 
connected by both α-1,4-glycosidic and α-1,6-glycosidic bonds (Maji, 

2019). Amylose is more resistant to digestion than amylopectin due to 
its more compact structure and its tendency to recrystallize, forming 
resistant starch that is not easily broken down by human pancreatic 
amylase in the small intestine (Fernandes et al., 2020; Trinh, 2015). As a 
result, rice varieties with higher amylose content generally have a 
slower starch digestion rate compared to those with lower amylose 
content (Huang et al., 2022). Additionally, the amylose-to-amylopectin 
ratio also significantly influence the digestion of starch. A higher 
amylose-to-amylopectin ratio can lead to an increased content of resis-
tant starch by reducing starch swelling, which in turn decreases the 
accessibility of enzymes required to hydrolyze starch molecules (Zaman 
& Sarbini, 2016).

Other physiochemical properties of starch, such as starch granule 
size, amylopectin chain length, and starch molar mass, also play a crit-
ical role in determining starch digestion in rice (Khatun et al., 2019; Li, 
2023). Starch granule size affects starch digestion by influencing the 
surface area available for digestive enzymes (Khatun et al., 2019). 
Larger starch granules generally exhibit a lower starch digestion rate 
because they provide a smaller surface area for enzyme action (Dhital 
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et al., 2015; Kong et al., 2003). Amylopectin chain length impacts starch 
digestion because it affects enzymatic hydrolysis (Ramadoss et al., 
2019). Longer amylopectin chains can form stable helices through 
hydrogen bonds, making the starch more resistant to digestion 
(Lehmann & Robin, 2007). Conversely, shorter amylopectin chains 
facilitate easier digestion. For instance, Shu et al. (2009) found that 
short amylopectin chains with a degree of polymerization (DP) of 8–12 
showed a positive correlation with starch digestion. Starch molar mass 
also influences digestion by affecting starch reassembly during heat- 
moisture treatment (Chi et al., 2024). Tu et al. (2021) reported that 
rice starch molecules with low molar mass (0.60–1.50 × 107 g mol− 1) 
tended to reassemble into more ordered multi-scale structures, including 
double helical and short-range ordered structures. These arrangements 
increased the content of slowly digestible starch.

Non-starch chemical constituents also affect starch digestion in rice 
(Khatun et al., 2019). Protein, a major non-starch component in rice, can 
influence starch digestion by altering the microstructure, crystal struc-
ture, and thermal stability of starch (Lu et al., 2022). In addition, pro-
teins may interact with starch to form a protective layer around the 
starch granules, which limits the accessibility of digestive enzymes and 
inhibits starch digestion (Khatun et al., 2019). Generally, higher grain 
protein content is associated with a slower rate of starch digestion (Ye 
et al., 2018).

Pasting properties of rice flour, which are influenced by both starch 
and non-starch constituents, are closely related to starch digestion 
(Khatun et al., 2019; Li, 2023). Bonmoussa et al. (2007) observed a 
positive correlation between rapidly digestible starch content and 
breakdown viscosity, whereas a negative correlation between slowly 
digestible starch content and breakdown viscosity. Chung et al. (2011)
found that slowly digestible starch and resistant starch content were 
positively correlated with pasting temperature as well as setback and 
final viscosities, while negatively correlated with peak and breakdown 
viscosities. Ouyang et al. (2024) observed that resistant starch content 
was negatively correlated with peak and breakdown viscosities in rice.

In recent years, significant advancements have been made in 
developing rice varieties with a low GI (<55). The International Rice 
Research Institute (IRRI) has successfully developed two low-GI rice 
varieties, IRRI 125 and IRRI 147, which have already been released in 
the Philippines (IRRI, 2023). China has also developed several low-GI 
rice varieties. For instance, the Crop Breeding and Cultivation 
Research Institute of the Shanghai Academy of Agricultural Sciences 
released low-GI varieties Youtangdao 2 and Youtangdao 3 in 2019 and 
2020, respectively (Yang et al., 2020; Yang et al., 2022). The Yuan 
Longping High-Tech Agriculture Co., Ltd. developed a low-GI variety 
Ditangliangyou 335 (D335), anticipated for release in 2024. Despite 
these developments, there is still a scarcity of data on the physico-
chemical properties of these low-GI rice varieties.

In our present study, we compared the starch digestion characteris-
tics and associated physicochemical properties between the newly 
developed low-GI rice variety D335 and two widely grown rice varieties. 
The objectives of this study were to clarify the starch digestion charac-
teristics of D335 and identify the key physicochemical properties linked 
to these characteristics.

2. Materials and methods

2.1. Rice varieties and crop management

Three rice varieties, including Xiangzaoxian 45 (X45), Zhongzao 39 
(Z39), and D335, were used in this study. These three varieties belong to 
the indica early-season rice type, having a total growth duration of less 
than 115 d. X45 is characterized by its low amylose content and rapid 
starch digestion rate, whereas Z39 has a higher amylose content and a 
slower starch digestion rate (Hu et al., 2022). These two varieties have 
been widely grown by farmers. D335 is a newly developed low-GI rice 
variety. The three rice varieties were grown in a field experiment at 

Pingtou Village (28◦09′ N, 113◦37′ E, 43 m asl), Yongan Town, Liuyang 
County, Hunan Province, China during the early rice-growing season in 
2023. The field experiment employed a completely randomized block 
design with three replicates and a plot size of 15 m2.

Pre-germinated seeds were sown in a seedbed to raise seedlings on 
March 25. After 25 days, the seedlings were transplanted into plots with 
a hill spacing of 20 cm × 16.7 cm, placing three seedlings per hill. Urea 
was used as nitrogen fertilizer and applied in three splits: 75 kg N ha− 1 

one day before transplanting, 45 kg N ha− 1 seven days after trans-
planting, and 30 kg N ha− 1 at the panicle initiation stage. Superphos-
phate was used as phosphorus fertilizer and applied at a rate of 75 kg 
P2O5 ha− 1 one day before transplanting. Potassium chloride was used as 
potassium fertilizer and applied in two splits: 75 kg K2O ha− 1 one day 
before transplanting and 75 kg K2O ha− 1 at the panicle initiation stage. 
A floodwater of 5–10 cm was maintained in all plots from transplanting 
until five days before the expected maturity, after which the plots were 
drained. Diseases, pests, weeds were controlled by chemicals as rec-
ommended by the local agricultural technology department.

2.2. Sampling and measurements

Approximately 500 g of rice grains were collected from each plot at 
maturity. The collected grains were sun-dried and then stored at room 
temperature. After a three-month storage period, the rice grains were 
milled using a laboratory mill. Head milled rice was selected from the 
milled rice for subsequent measurements.

2.2.1. Measurements of starch digestion characteristics of cooked rice
About 10 g of head milled rice was cooked to measure the starch 

digestion characteristics, including active digestion duration (ADD), 
glucose production rate (GPR), and total glucose production (TGP). 
These measurements were conducted using a NutriScan GI20 automated 
in vitro digestion system (Next Instruments Pty Ltd., Condell Park, 
Australia), following the method outlined by Huang et al. (2022). In 
brief, the cooked rice was finely chopped 20 times using a hand-held 
food chopper. A precise 100 mg of the chopped rice was placed into 
the sample cups of the NutriScan GI20, which was maintained at a 
temperature of 37 ◦C. Three enzyme solutions were added to each cup to 
digest the samples: an α-amylase solution, a pepsin solution, and a mixed 
solution of pancreatin and amyloglucosidase. The glucose released from 
the digested samples was measured at intervals of 15, 60, 120, 180, 240, 
and 300 min. The starch digestion kinetics of the cooked rice (as indi-
cated by glucose production over time) were modeled using an expo-
nential association model, expressed as y = a[1-EXP(− bx)], where y 
represents the estimated glucose produced per unit weight of cooked 
rice, x is the digestion time, and a and b are fitting parameters. The 
parameters for starch digestion were calculated using the following 
equations: ADD = LN(0.05)/− b; TGP = 0.95a; and GPR = TGP/ADD, 
with a and b derived from the fitting process.

2.2.2. Measurements of chemical and pasting properties of rice flour
Approximately 20 g of head milled rice was ground into flour using a 

high-speed blender to analyze chemical properties, including total 
starch content, amylose content, amylopectin content, the amylose-to- 
amylopectin ratio, resistant starch content, and protein content. Addi-
tionally, the rice flour was also used to determine pasting properties, 
including pasting temperature and peak, trough, breakdown, final, 
setback, and consistency viscosities.

The total starch content was measured using a P850 Pro auto digital 
polarimeter (Hanon Instruments Co., Ltd., Jinan, China) following the 
stand procedure. The amylose content was determined using the iodine 
colorimetric method (Juliano, 1971), using standardized rice flour 
provided by the China National Rice Research Institute. The amylo-
pectin content was calculated by subtracting the amylose content from 
the total starch content. The amylose-to-amylopectin ratio was derived 
by dividing the amylose content by the amylopectin content. The 
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resistant starch content was measured according to the protocol of 
Megazyme (2019). The protein content was determined by multiplying 
nitrogen content by a conversion factor of 5.95 (Juliano et al., 1971), 
with nitrogen content measured using a Skalar SAN Plus segmented flow 
analyzer (Skalar Inc., Breda, The Netherlands). The pasting properties 
were measured using an RVA-Super 4 rapid viscosity analyzer (Newport 
Scientific Pty Ltd., Warriewood, Australia) according to the standard 
methodology.

2.2.3. Measurements of starch granule size, chain length, and molar mass
Approximately 10 g of head milled rice flour was used to starch 

extraction to determine starch granule size, chain length, and molar 
mass. The extraction process followed the procedure described by Deng 
et al. (2021). The starch granule diameter was measured using a Mas-
tersizer 3000 laser diffraction particle size analyzer (Malvern In-
struments Ltd., Malvern, UK). Distributions of short and long branch- 
chains of amylopectin and amylose were analyzed using a gel 
chromatography-differential system equipped with a U3000 liquid sys-
tem (Thermo Fisher Scientific Inc., Waltham, USA) and an Optilab T-rEX 
differential detector (Wyatt Technology Inc., Santa Barbara, USA). The 
distribution of amylopectin chain length was determined using an ICS- 
5000+ high-performance anion-exchange chromatograph (Thermo 
Fisher Scientific Inc., Waltham, USA) with a Dionex™ arboPac™ PA200 
anion-exchange column. The starch molar mass was measured using a 
gel chromatography-differential-multiangle laser light scattering sys-
tem, featuring a U3000 liquid system, an Optilab T-rEX differential 
detector, and a DAWN HELEOS II laser light scattering detector (Wyatt 
Technology Inc., Santa Barbara, USA). All the measurements were 
conducted in accordance with the standard protocols established by the 
Sanshubio Co., Ltd., Shanghai, China (http://www.sanshubio.com/ho 
me).

2.3. Statistical analysis

Data were analyzed using analysis of variance (ANOVA), and the 
means of varieties were compared using the least significant difference 
(LSD) test at p < 0.05. Both the ANOVA and LSD test were performed in 
Statistix 8.0 software (Analytical Software Inc., Tallahassee, USA).

3. Results

3.1. Varietal differences in starch digestion characteristics of cooked rice

The starch digestion characteristics of D335 differed significantly 
from those of X45 and Z39 (Fig. 1A–C). D335 had an ADD of 286 min, 
which was 190 % and 101 % longer compared to that of X45 and Z39, 
respectively (Fig. 1A). The GPR of D335 was 1.06 mg g− 1 min− 1, rep-
resenting a 73 % reduction compared to X45 and a 57 % reduction 
compared to Z39 (Fig. 1B). D335 exhibited a TGP of 303 mg g− 1, which 
was 19 % less than X45 and 11 % less than Z39 (Fig. 1C).

3.2. Varietal differences in chemical properties of rice flour

The amylose content in D335 exceeded 30 %, which was 150 % 
higher than X45 and 20 % higher than Z39 (Table 1). In contrast, D335 
had 31 % and 21 % lower amylopectin content compared to X45 and 
Z39, respectively. The total starch content in D335 was similar to that in 
X45 but 7 % lower than that in Z39. D335 had an amylose-to- 
amylopectin ratio that was 3.60 and 1.50 times that in X45 and Z39, 
respectively. The resistant starch content in D335 was 5.95 times that in 
X45 and 4.03 times that in Z39. D335 had 13 % lower protein content 
than X45, while the difference in protein content was not significant 

Fig. 1. Starch digestion properties, including (A) active digestion duration (ADD), (B) glucose production rate (GPR), and (C) total glucose production (TGP), in 
three rice varieties. X45, Z39, and D335 are rice varieties Xiangzaoxian 45, Zhongzao 39, Ditangliangyou 335, respectively. Data are presented as mean and SD of 
three replicates. Data sharing the same letters are not significantly different at p < 0.05.

Table 1 
Chemical properties of milled rice flour of three varieties.

Chemical property Varietya

X45 Z39 D335

Amylose content (%) 12.26 ± 1.36 c 25.41 ± 1.20 
b

30.59 ± 1.11 a

Amylopectin content (%) 61.69 ± 1.68 a 53.35 ± 0.33 
b

42.39 ± 1.60 c

Total starch content (%) 73.95 ± 0.35 
b

78.76 ± 0.89 a 72.98 ± 0.55 
b

Amylose-to-amylopectin 
ratio

0.20 ± 0.03 c 0.48 ± 0.03 b 0.72 ± 0.05 a

Resistant starch content (%) 0.44 ± 0.07 c 0.65 ± 0.04 b 2.62 ± 0.10 a
Protein content (%) 7.31 ± 0.26 a 5.97 ± 0.40 b 6.33 ± 0.62 b

Data are mean ± SD of three replicates.
Within a row, data sharing the same letters are not significantly different at p <
0.05.

a X45, Z39, and D335 are rice varieties Xiangzaoxian 45, Zhongzao 39, and 
Ditangliangyou 335, respectively.
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between D335 and Z39.

3.3. Varietal differences in starch granule size, chain length, and molar 
mass

All the distributions of quantity, surface area, and volume for starch 
granule diameters indicated that D335 had a higher proportion of starch 
granules larger than 9 μm in diameter compared to X45 and Z39 
(Fig. 2A–C). In particular, the total surface and volume distributions of 
starch granules larger than 9 μm in D335 (11–22 %) were 83–100 % 
higher than those in X45 (6–11 %) and 57–69 % higher than those in Z39 
(7–13 %) (Fig. 2B and C).

The content of short branch-chains of amylopectin (i.e., the per-
centage of peak 1's area relative to the total area of three peaks) in D335 
(49 %) was 29 % lower compared to X45 (69 %) and 16 % lower 
compared to Z39 (58 %) (Fig. 3A). In contrast, the content of long- 
branch chains of amylopectin (i.e., the percentage of peak 2's area 
relative to the total area of three peaks) in D335 (26 %) was 44 % higher 

than in X45 (18 %) and 30 % higher than in Z39 (20 %). The average DP 
of amylopectin chains in D335 was 24.5, which was about 7 % greater 
than in X45 (22.9) and Z39 (23.0) (Fig. 3B). Additionally, the content of 
short amylopectin chains (i.e., the sum of relative peak area ratios) with 
a DP of 6–17 in D335 (0.434) was 10 % lower compared to X45 (0.483) 
and 9 % lower compared to Z39 (0.479).

The molar mass of starch molecules in D335 ranged from 0.19 × 108 

to 2.23 × 108 g mol− 1, which was obviously lower than that in X45 (from 
0.83 × 108 to 2.98 × 108 g mol− 1) and Z39 (from 0.43 × 108 to 2.65×
108 g mol− 1) (Fig. 4A). The content of starch molecules with a molar 
mass below 1 × 108 g mol− 1 in D335 reached 90 %, which was 45 % 
higher than in X45 (62 %) and 36 % higher than in Z39 (66 %) (Fig. 4B). 
Conversely, the content of starch molecules with a molar mass between 
1 × 108 to 2 × 108 g mol− 1, as well as those with a molar mass exceeding 
2 × 108 g mol− 1, was 72–75 % and 61–69 % lower in D335 compared to 
X45 and Z39, respectively.

Fig. 2. (A) Quantity, (B) surface area, and (C) volume distributions of starch 
granule diameters of three rice varieties. X45, Z39, and D335 are rice varieties 
Xiangzaoxian 45, Zhongzao 39, Ditangliangyou 335, respectively.

Fig. 3. (A) Distributions of short branch-chains of amylopectin (Peak 1), long- 
branch chains of amylopectin (Peak 2), and amylose (Peak 3) and (B) the chain 
length (the degree of polymerization, DP) distribution of amylopectin in 
starches of three rice varieties. X45, Z39, and D335 are rice varieties Xiang-
zaoxian 45, Zhongzao 39, Ditangliangyou 335, respectively.
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3.4. Varietal differences in pasting properties of rice flour

D335 exhibited a significantly higher pasting temperature but lower 
viscosities, except for the setback viscosity, when compared to X45 and 
Z39 (Table 2). Specifically, D335 had a higher pasting temperature than 
X45 and Z39 by 5 % and 7 %, respectively. The peak viscosity in D335 
was lower by 54 % compared to X45 and by 59 % compared to Z39. 
D335 had 34 % and 50 % lower trough viscosity than X45 and Z39, 
respectively. The breakdown viscosity in D335 was lower by 78 % 
relative to X45 and by 75 % relative to Z39. D335 displayed 44 % and 62 
% lower final viscosity than X45 and Z39, respectively. The setback 
viscosity in D335 was 106 % higher compared to X45 but 91 % lower 
compared to Z39. D335 had 62 % and 79 % lower consistency viscosity 
than X45 and Z39, respectively.

4. Discussion

The newly developed low-GI rice variety D335 did not only has a 
slower starch digestion rate but also produced less glucose from starch 
digestion compared to X45 and Z39, which represent widely grown rice 
varieties with rapid and slow starch digestion rates, respectively (Hu 
et al., 2022). Although this outcome may seem predicable, the difference 
in starch digestion characteristics between D335 than Z39 suggests that 

screening for low-GI rice varieties from existing widely grown varieties 
may not be straightforward and specialized breeding programs are 
necessary to develop low-GI rice varieties. The finding of this study also 
implies that the starch digestion parameters measured through the in 
vitro method employed in this study could serve as indicators for esti-
mating GI values in rice. This indirectly addresses the concern regarding 
discrepancies between in vitro and in vivo results, which arise from the 
difficulty of accurately replicating the complex physicochemical and 
physiological processes of the human digestive system (Huang et al., 
2022; Hur et al., 2011). It further underscores the need for additional 
research to establish quantitative relationships between GI value and 
starch digestion parameters determined via the in vitro method, using a 
range of rice varieties with varying GI values.

The slower starch digestion rate and less amount of glucose produced 
from starch digestion in D335 than in X45 and Z39 were attributable to 
several differences in starch physiological properties. First, D335 had a 
higher amylose content and a greater amylose-to-amylopectin ratio than 
X45 and Z39. This could contribute to a more compact starch structure 
and promote the formation of resistant starch in D335, making its starch 
more resistant to digestion (Fernandes et al., 2020; Trinh, 2015; Zaman 
& Sarbini, 2016). This was corroborated by the observation that D335 
contained a higher resistant starch content compared to X45 and Z39. 
Second, D335 had a higher proportion of large starch granules, which 
could result in a smaller surface area available for starch digestive en-
zymes relative to X45 and Z39 (Dhital et al., 2015; Kong et al., 2003). 
Third, D335 had more long amylopectin chains, fewer short amylopectin 
chains, and a higher content of starch molecules with a low molar mass 
compared to X45 and Z39, leading to the formation of more stable he-
lices and highly ordered multi-scale structures that are more resistant to 
digestion (Chi et al., 2024; Lehmann & Robin, 2007; Tu et al., 2021).

Although protein can slow starch digestion by modifying the 
microstructure, crystal structure, and thermal stability of starch, as well 
as by forming a protective barrier around starch granules to restrict 
enzyme access (Khatun et al., 2019; Lu et al., 2022), protein content did 
not account for the slower starch digestion rate and reduced glucose 
production observed in D335 compared to X45 and Z39 in this study. 
This is because D335 exhibited a significantly lower or comparable 
protein content than X45 and Z39. However, it remains uncertain 
whether protein was entirely unrelated to the varietal differences in 
starch digestion properties in this study, as starch digestion in rice may 

Fig. 4. (A) Changes in molar mass with elution time and (B) the molar mass distribution of starch molecules of three rice varieties. X45, Z39, and D335 are rice 
varieties Xiangzaoxian 45, Zhongzao 39, Ditangliangyou 335, respectively.

Table 2 
Pasting properties of milled rice flour of three varieties.

Pasting property Varietya

X45 Z39 D335

Pasting temperature (◦C) 84 ± 1 b 82 ± 0 c 88 ± 1 a
Peak viscosity (cP) 3775 ± 155 b 4211 ± 179 a 1733 ± 111 c
Trough viscosity (cP) 2085 ± 97 b 2755 ± 122 a 1368 ± 86 c
Breakdown viscosity (cP) 1690 ± 249 a 1456 ± 64 a 365 ± 28 b
Final viscosity (cP) 3140 ± 116 b 4648 ± 94 a 1774 ± 113 c
Setback viscosity (cP) − 635 ± 269 c 437 ± 87 a 41 ± 74 b
Consistency viscosity (cP) 1055 ± 20 b 1893 ± 48 a 406 ± 60 c

Data are mean ± SD of three replicates.
Within a row, data sharing the same letters are not significantly different at p <
0.05.

a X45, Z39, and D335 are rice varieties Xiangzaoxian 45, Zhongzao 39, and 
Ditangliangyou 335, respectively.
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be influenced more by protein composition than by protein content. 
Khatun et al. (2020) found no negative correlation between protein 
content and starch digestion in rice, but noted that incomplete extrac-
tion of glutelin and prolamin, possibly due to starch-protein in-
teractions, showed a negative correlation with starch digestion. 
Therefore, further investigations are required to explore the role of 
protein composition in starch digestion in low-GI rice varieties.

The pasting properties of D335 differed significantly from those of 
X45 and Z39. On one hand, D335 exhibited a higher pasting temperature 
than both X45 and Z39. This aligns with the finding of Chung et al. 
(2011), who observed a positive correlation between pasting tempera-
ture and the content of resistant and slowly digestible starch in rice. On 
the other hand, D335 demonstrated significantly lower viscosities 
overall—except for setback viscosity—compared to X45 and Z39. 
However, previous studies indicate that not all viscosity measurements 
are linked to starch digestion properties in rice. For example, Benmoussa 
et al. (2007) found a significant negative correlation between slowly 
digestible starch content and breakdown viscosity, but no such corre-
lation with other viscosities. Chung et al. (2011) reported that slowly 
digestible and resistant starch content were positively correlated with 
setback and final viscosities, while negatively correlated with peak and 
breakdown viscosities. Ouyang et al. (2024) observed a negative cor-
relation between resistant starch content and both peak and breakdown 
viscosities but did not observe correlations with other viscosities. 
Notably, both the present study and these previous studies consistently 
showed that higher content of resistant or slowly digestible starch was 
associated with lower breakdown viscosity. This suggests that break-
down viscosity is a dependable measurement for assessing starch 
digestion in rice.

5. Conclusions

This study clarifies the starch digestion characteristics and identifies 
the key physicochemical properties linked to these characteristics in the 
newly developed low-GI rice variety D335, in comparison to the widely 
grown rice varieties X45 and Z39. D335 exhibits a slower starch diges-
tion rate and produces less glucose from starch digestion than X45 and 
Z39. These differences arise from the distinct starch physicochemical 
properties in D335, including its higher amylose content, larger 
amylose-to-amylopectin ratio, higher resistant starch content, more 
large starch granules, more long amylopectin chains, fewer short 
amylopectin chains, and more low-molar-mass starch molecules. Addi-
tionally, the differences in starch digestion characteristics are also 
associated with the different pasting properties of rice flour, with D335 
having a higher pasting temperature and lower breakdown viscosity 
than X45 and Z39.
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