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Abstract

Amylose content is an important indicator that determines the hardness and softness of
rice, which depends on rice varieties. Three types of specialty colored rice in Vietnam
were selected for research on instant rice production including DH6 brown rice (DH6),
Huyet Rong rice (HR), and Cam Cai Lay rice (CL). Proximate compositions and
antioxidant properties such as total anthocyanin and total phenolic content in three kinds
of rice were analyzed and compared. In addition, the effect of varieties and ratios of rice
and water on the cooking time, volume expansion, antioxidant compounds and sensory
properties were observed. The results showed that varieties led to differences in the
nutritional profile of rice. CL and HR have the highest anthocyanin content (54.9-56.5
mg/100 g). DH6 brown rice is considered as the low amylose rice, with the content of
amylose about 4.6%. Besides, it was also found that using “Cam Cai Lay” rice could
create products with good structure and high sensory value. The results also confirmed
that the product is of good quality when using a ratio of rice: water 1:2 and a cooking time
of 30 mins. Types of rice and cooking conditions remarkably affected the quality of
instant rice, which could further optimize for the up-scale process.

1. Introduction

have the potential to reduce the glycemic index of the

The rhythm of life nowadays is becoming faster,
which has led to instant rice becoming more and more
popular. In general, instant rice could be produced with
different methods as cooking combined with
sterilization, cooking prior to drying, as well as using
extrusion (Luo ef al., 2022). One of the most common
and easy methods to produce instant rice is the
combination of cooking and drying (Loan et al., 2023).
However, the issues that need to be solved now are the
characteristics and quality of the product. The hardness
and toughness of rice decrease as moisture and cooking
time increase. High drying temperatures also could
increase hardness and toughness. Humidity affects the
specific volume and porosity of the grain. Pressure is the
main factor affecting the viscosity of the product. The
processing of instant rice is also affected by the
development of amylose-lipid complexes (Prasert and
Suwannaporn, 2009). Brown rice is classified on the
glycemic index (GI) from low to high depending on its
amylose: amylopectin content. Foods with a high GI can
be detrimental to patients with diabetes. However, some
kinds of brown rice are rich in polyphenols, which could
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product (Ngo et al., 2023). A recent study was to
optimize the cooking temperature and water-to-rice ratio
to reduce starch digestibility. The experiment used three
varieties of Thai rice [Hom Mali (KDML105),
Pathumthani Fragrant (PT), and Sao Hai (SH)] with
different amylose contents. The optimal cooking
conditions to produce a low GI product are cooked at
82°C with 1.9 times the amount of water as rice
(Ritudomphol and Luangsakul, 2019). Different rice
varieties were also studied to produce instant rice coating
with Spirulina platensi (Utama-ang et al., 2022).

In the hustle and bustle of industrial life, many
people do not have enough free time to take care of
themselves and their families with traditional meals.
Therefore, instant food or fast food is not only a
temporary choice but has sometimes become the main
choice for meals because of its convenience. The
increasing demand for instant food shows that this
product line plays a very important role in people's daily
lives. The product "instant rice" contributes to
diversifying instant products that both ensure
convenience but still ensure nutritional value and food
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safety in accordance with future consumption trends. The
main goal of this study was to investigate the effect of
varieties and cooking conditions on instant rice product
quality.

2. Materials and methods
2.1 Materials

Three types of brown rice cultivated in the Mekong
Delta region of Vietnam were used including DH6
brown rice (DH6), "Cam" Cai Lay rice (CL), and Huyet
Rong rice (HR) (Figure 1). These materials were
harvested in the same season. The proximate
compositions, polyphenols and anthocyanin content of
raw materials were analyzed and compared.

Figure 1. The appearance of three rice varieties.

2.2 Preparation of instant rice

Rice (400 g) were used for each treatment. The rice
was washed with clean water. Each variety was added
water at the ratio of rice: water as 1:1.5; 1:2.0; 1:2.5;
1:3.0, and then cooked with an electric rice cooker
(Mitsumaru, Japan). The cooking time was determined
and recorded after the pot was turned on. After cooking,
the rice was cooled down, put in a drying oven at a
temperature of 60°C, and dried to a moisture content of
<13% using the drying curve (Loan et al., 2023). The
dried rice was packed in PA bags to keep the rice stable
for at least one day. A total of 20 g of dried rice was
reconstituted with 45 mL of boiling water for 15 mins.
The reconstituted rice was identified by the volume and
its sensory properties. The volume measurement was
used for the difference in volume before and after putting
rice in an oil solution (Too et al., 2022).

2.3 Proximate determination
2.3.1 Moisture content

The moisture content (MC) was determined by
drying the samples in an air oven at 105°C for at least 24
hrs (AOAC, 2005)

2.3.2 Fat content

Fat (g/100 g) was determined by Soxhlet extraction
using automatic fat extraction (AOAC, 2005).
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2.3.3 Protein content

Protein content was analysed by the Kjeldahl
method, which was estimated by multiplying the
determined nitrogen content by a nitrogen-to-protein
conversion factor (6.25 for rice) (AOAC, 2005).

2.3.4 Carbohydrate content

The carbohydrate content was calculated by
difference (100 g minus the sum of grams of moisture,
ash, lipid, and protein, in wet basis) (AOAC, 2005).

2.3.5 Ash content

The ash content was determined by a gravimetric
method, incinerating samples at 550°C (AOAC, 2005).

2.4 Anthocyanin content

The pH differential method was applied to analyze
anthocyanin content (TAC) in the sample (Lee et al.,
2008). Briefly, samples (5 g) were mixed separately with
20 mL buffer pH 1.0 (0.025 M KCI)/20 mL buffer pH
4.5 (0.4 M CH;COONa buffer) and then incubated for 20
mins at room temperature and centrifuged at 4°C,
8,382xg for 15 mins. The supernatants were then
collected, and the absorbance was read at 520 and 700
nm.

2.5 Total phenolic content

The Folin-Ciocalteu assay was used to determine
total phenolic content (TPC) (Tai et al., 2021). The
absorbance of the reaction solution containing
polyphenol compounds and reagent was measured at 738
nm. TPC was calculated as mg gallic acid equivalent per
gram sample (mg GAE/100 g) through a standard curve
obtained (y = 0.0025x + 0.0632, R? = 0.9957).

2.6 Sensory evaluation

Sensory evaluation has followed the method
described by Too ef al. (2022). A total of fifty panellists
determined the sensory properties of cooked rice in terms
of color, aroma, taste, and structure. The scale of
determination was from 1 (very dislike) to 5 (very like).
The sample was coded before giving for sensory test.

2.7 Data analysis

Statistically significant differences in the obtained
data were determined using the software Statgraphics
Centurion XV.I (Statistical Graphics Corp., USA).

3. Results and discussion
3.1 Nutritional profiles of three rice varieties

To produce high-quality instant rice products, the
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quality of the material should be checked first. The
quality of rice depends on the type of rice as well as the
production process. Amylose content, starch particle
size, fiber content, amylose: amylopectin ratio, degree of
crystallinity and amylose-lipid complex all affect the
structure and binding ability of starch granules during the
cooking process of instant rice (Ranawana et al., 2009).
The quality of DH6, CL, and HR is shown in Table 1.

Table 1. Nutritional profile of three types of rice.

HR CL DH6
Moisture (%) 12.6£0.09  12.040.1  12.5+0.09
Protein (%) 6.840.05  9.1+0.06  8.5+0.04
Lipid (%) 2.0840.02  3.0940.05 3.68+0.07
Carbohydrate (%)  65.6+0.10  65.040.15  63.3+0.06
Amylose (%) 21.140.12  17.6+0.08  4.9+0.05
Ash (%) 414007  5.8+0.09  5.2+0.04
TAC (mg/100g)  16.1£0.19 54.9+0.12  56.5+0.17
TPC (mgGAE/100 g) 24.9+0.12  58.6£0.13  60.4+0.15

The MC of the rice used in the experiments varied in
the range of 12.0-12.6%. The MC of these types of rice
is less than 15%, so the source of rice materials used is
safe for microbiological processing (Duarte et al., 2010).
The protein content in rice is very important because it
contains many essential amino acids such as histidine,
leucine, and tryptophan, which do not cause allergies
(Day et al., 2022). The protein content of the studied rice
ranges from 6.8 to 9.1%. HR has a low protein content of
6.8% and the other two types of rice have higher protein
content [CL (9.1%) and DH6 (8.5%)]. Compared with
other types of rice on the market today, the studied rice
belongs to the group with relatively high protein content
(Jin et al., 2020). Minerals in the rice varieties studied
were also relatively high, ranging from 4.1% to 5.8%. In
contrast, the lipid content contained in rice is relatively
low, ranging from 2.08% to 3.68%.

The carbohydrate content of the rice varieties studied
was 63.3-65.6%. Amylose content in starch is considered
an important indicator affecting the structure of the
product (Chen et al., 2023). The results of the
determination of the amylose content of different types
of rice ranged from 4.9 to 21.1%. HR, CL and DH6 have
amylose content of 21.1%, 17.6%, and 4.9%,
respectively. Rice is divided into 3 groups according to
amylose content such as low amylose group (0-5%
amylose), medium amylose group (5-20% amylose),
high amylose group (21-25% amylose) (Kongseree and
Juliano, 1972). Thus, the DH rice was considered as very
low amylose rice, while HR was the high amylose
variety.

TAC of rice varies from 16.1-56.5 mg/100 g. The
variety with the highest TAC value is DH6 (56.5 mg/100
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g), followed by CL (54.9 mg/100 g), and HR (16.1
mg/100 g). The TAC of rice is directly proportional to
the polyphenol content. TPC in HR rice was the lowest,
followed by CL rice and the highest was DH6. The
results show that all types of rice have different qualities
and chemical compositions, so they will create instant
rice products of different quality.

3.2 Volume of instant rice after reconstituting

Despite its nutritional value and health benefits,
brown rice is not widely consumed because of its hard
texture, long cooking time and unappealing taste due to
its high fiber content (Beaulieu et al., 2022). Rice
varieties often differ in the thickness of the silk cover,
structure, chemical composition, as well as gelatinization
temperature, and enzymatic resistance (Reed et al.,
2013). Therefore, the quality of instant rice could be
improved by choosing the right type of rice and the ratio
of rice to water used. For complete gelatinization of
starch, the appropriate amount of water needs to be used.
The effect of different cooking water ratios on the grain
structure after gelatinization under the same conditions is
also different. After cooking, the starch is gelatinized,
causing the grain to swell. Swelling occurs first in the
recesses of the seed, then spreads to the surface, causing
the volume to increase many times until the seed breaks
and becomes an amorphous bag, or stops increasing in
volume. The volume of rice after reconstitution varies
according to the three types of rice and the ratio of rice to
water used for cooking is shown in Table 2.

Table 2. The volume increased (cm’) after re-taking up water
of three rice varieties at different cooking conditions.

Rice: water ratio

1:1.5 1:2.0 1:2.5 1:3.0 Mean

DH6 583 620 589 565 797°

CL 501 784 908 886 770°

HR 479 673 895 923 743°
Mean  521* 759" 908 891°¢

Mean values with different uppercase superscripts within the
same row and mean values with different lowercase
superscripts within the same column are statistically
significantly different.

Amylose content is the most important characteristic
for predicting cooking and processing characteristics.
The amylose content is directly related to the water
absorption, volume, properties, and stickiness of the
grain when cooked (Zhou et al., 2007). The results in
Table 2 showed that different types of rice with different
amylose content have different levels of water absorption
and volume increase, which also agreed with the data
about amylose content in rice. DH6 rice had a low
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amylose content and a lot of amylopectin, so it could
easily absorb water. The highest volume of rice after
reconstitution was 797 cm’. CL rice had a higher
amylose content than DH6 rice, resulting in a lower
volume of reconstituted rice (770 cm?). HR rice has a
high amylose content and a hard grain structure, so the
average volume of rice has the lowest increasing volume
of 743 cm’. Thus, using the right type of rice enhances
starch gelatinization and creates an appropriate network
with proteins, lipids, and water. Recent studies
concluded that the right type of starch and the right
amount of water could increase the volume of the
product (Witczak et al., 2016).

Table 2 also illustrates that the amount of water has a
great influence on the volume of the rice after
reconstitution. The more water was added, the more the
rice would expand. However, when the rice was too
expanded, it might not keep its shape, so when drying
and reconstitution the rice grains did not return to their
original shape, and the volume of rice was low. Rice:
water in the ratios 1:1.5; 1:2 and 1:2.5 had the rice
volume increase gradually from 521 to 908 cm’. The
volume of rice is reduced to 891 cm® when using three
times the amount of water compared to rice. This result
is consistent with the results of Dibba ef al. (1991). The
amount of water used when cooking rice depends on the
type of rice and the amount of water used. Thus,
different types of rice have different amounts of water
used to create products with different capacities to swell.
The volume of rice made from DH6, and CL was high in
the rice: water ratio of 1:2 and 1:2.5. Meanwhile, HR
rice has the highest rice volume in the ratio of rice: water
of 1:3.

3.3 Cooking time

Table 3 shows that three types of rice and the
amount of water used affect the cooking time. The lower
the amylose content of rice, the shorter the cooking time
was observed. The average cooking times of DH6, CL
and HR rice were 30.8 mins, 32.9 mins and 35.1 mins,
respectively. The results were consistent with those of

Table 3. The effect of cooking conditions on cooking time
(min) of three rice varieties.

Rice: water ratio

1:1.5 1:2.0 1:2.5 1:3.0 Mean

DH6 23.7 28.0 34.0 37.3 30.8°

CL 25.0 30.0 36.7 40.0 32.9°

HR 27.0 333 38.3 41.7 351°
Mean  25.2% 30.4° 36.3¢ 39.7°

Mean values with different uppercase superscripts within the
same row and mean values with different lowercase
superscripts within the same column are statistically
significantly different.
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Simonelli et al. (2017) on rice cooking time influenced
by the 10 varieties of rice commonly used in Italy. The
results also confirmed that the more water used, the
longer the cooking time required. The average cooking
time of the three types of rice at the water-to-rice ratio
was 1.5; 2; 2.5 and 3, which corresponded to 25.2 min;
30.4 min; 36.3 min and 39.7 min.

3.4 Anthocyanin

The intensity and stability of anthocyanin pigments
depend on various factors such as temperature and
cooking conditions (Kim Loan et al., 2022). Because
anthocyanins are water-soluble compounds, the amount
of water and cooking time might affect the TAC. Due to
DH6 and CL rice having high TAC in raw material, the
reconstituted rice has a high anthocyanin content (25.2-
25.3 mg/100 g). Particularly, due to the low content of
TAC in the starting material (HR rice), the product has a
low anthocyanin content (6.2 mg/100 g), significantly
different from the above two types of rice (Table 4). The
ratio of rice water when cooking greatly affected on
TAC of the rice after reconstitution. The higher the water
content added, the longer the cooking time, so the
anthocyanins dissolve and decompose more under the
effects of temperature and oxygen. In which the
anthocyanin content of rice cooked in 2 pairs of
rice:water ratios of 1:1.5; 1: 2 and 1: 2.5; 1:3 there was
no significant difference. The interaction between the
type of rice and the water ratio affected the anthocyanin
content in the rice, showing that with each different type
of rice combined with different water ratios, the rice has
a different anthocyanin content. However, anthocyanin
content was not significantly different between CL and
DHG6 rice at different cooking water ratios. Particularly,
the anthocyanin content of HR rice combined with
different water ratios was statistically different from the
samples of the two types of rice above.

Table 4. The effect of cooking conditions on anthocyanin
content (mg/100 g) of three rice varieties.

Rice: water ratio

1:1.5 1:2.0 1:2.5 1:3.0 Mean

DH6 28.0 26.7 23.5 229 25.3°

CL 27.8 25.7 24.5 22.6 25.2°

HR 7.8 6.7 55 4.7 6.2°
Mean 212 197 17.8*®  16.7*

Mean values with different uppercase superscripts within the
same row and mean values with different lowercase
superscripts within the same column are statistically
significantly different.

3.5 Polyphenol content

The effect of the ratio of rice: water when cooking
on the TPC of the rice after reconstitution is like the
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change in TAC (Table 5). The remaining TPC in rice
samples of DH6 rice, CL cooked with water ratios of 1.5
and 2 was the highest. TPC is much reduced compared to
the original source. The main reason could be some
phenolic compounds in rice are water-soluble, resulting
in the reduction of TPC during cooking. Besides that the
product has a polyphenol content as a result of the initial
material, leading to a low concentration of TPC in instant
rice products. This value is notably distinct from the
levels seen in the aforementioned rice kinds (Table 4).
More water was added during the cooking process giving
more chance to leach out the soluble phenolic
compounds and degrade. Therefore, rice cooked with
water ratios of 1.5 and 2 was most suitable.

Table 5. The effect of cooking conditions on total polyphenol
content (mgGAE/100 g) of three rice varieties.

Rice: water ratio

1:1.5 1:2.0 1:2.5 1:3.0 Mean
DH6 32.8 32.7 26.7 25.0 29.3°
CL 31.4 30.6 28.0 25.3 28.9°
HR 10.8 9.7 9.9 6.9 9.3
Mean  25.0° 24.3¢ 21.5% 19.14

Mean values with different uppercase superscripts within the
same row and mean values with different lowercase
superscripts within the same column are statistically
significantly different.

3.6 Sensory properties

Amylose content might largely determine the
softness or hardness of the rice. Rice with high amylose
content dries, swells, becomes loose, and becomes hard
when cooled. In contrast, rice has a low amylose content
when cooked and is soft, sticky, and glossy (Sultana et
al., 2022). In addition to the criteria of volume, and
cooking time, sensory values are important factors
determining the purchase of products. Sensory
evaluation results of instant rice after reconstituting are
shown in Figure 2, and the appearance of instant rice is
shown in Figure 3. For all kinds of rice, the average
sensory score of the DH6 rice sample (very low amylose
content) combined with the ratio of rice water: 1:1.5 had
the best sensory score. For HR rice, the ratio of rice:
water is 1: 3, creating a product that blooms evenly and
has good structure, so it is highly appreciated by the
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expert panel for its color, structure, and taste criteria.
Particularly for CL rice, the color, taste and texture were
all evaluated higher than the other two rice types in the
ratio of rice: water to 1: 2. Although, the cooking time
and volume of samples made from DH6 and HR are
usually higher than those of CL rice, the sensory
evaluation scores for color, flavor and texture of CL rice
are all higher than those of the above two types of rice.

" .

Figure 3. Cooked rice of three varieties.

4. Conclusion

Three types of specialty rice DH6, HR and CL with
different amylose contents were used in the study of the
instant rice production process. CL was selected because
it creates products with good structure and high sensory
value. The ratio of rice: water is 1: 2 with a cooking time
of 30 mins selected as the parameter used in the
processing of instant rice. Hence, future research
endeavors may center on the optimization of the
production process and the incorporation of functional
ingredients as a coating for instant rice. This approach
presents a potential avenue for the development of
functional instant rice variants that offer additional
health advantages.
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