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Introduction

Rice (Oryza sativa L.) is a food, which is mostly 
used throughout the world. Generally, more than 

half of population used rice as staple food. Originally, 
rice grown is consumed as milled grains. In Asian 
countries, rice flour is used for the production of many 
rice products like rice pasta, rice cakes, infant foods, 
noodles and puddings (Chou et al., 2014). Wheat is 
also substituted by the rice flour in many products 
because rice flour is colorless and have low sodium 

level which exhibit hypoallergenic properties (Zhu et 
al., 2010; Vongsawasdi et al., 2009).

Generally, rice is consumed as a whole in cooked form 
and as ingredient in different commodities (Fresco, 
2005; Singh et al., 2005; Cai et al., 2011; Hossain 
et al., 2009). The products in which the rice flour is 
used as aningredient are bakery products such as cake, 
cookies and also used in noodles production (Islam et 
al., 2012; Bhattacharya et al., 1999). Asian food like 
bakery products, noodles and extruded products are 
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being made from rice flour and it is also used as an 
additives for other ingredients. The physicochemical 
properties of rice flour play a vital role in the quality 
of many products (Bhattacharya et al., 1999; Jangchud 
et al., 2004). These physicochemical properties greatly 
influenced the eating and cooking qualities of rice. 
The said properties have also considerable importance 
on the quality parameters of the end products such 
as bread and noodles ( Juliano, 1985). The type of 
rice and their origin change the consumer preference 
(Azabagaoglum et al., 2009). Rice flour may be 
obtained from the fine milling of white rice or brown 
rice (Kinsella, 1976). Wheat flour contained high 
gluten content which causes irritation in the digestive 
system. Therefore, rice flour is a good substitute for 
wheat flour and noodle preparation (Yalchin and 
Basmani, 2008).

Countries like India, Japan, Thailand used rice flour 
for making noodles, desserts etc. It is also a thickening 
agent for custard, gravies and sweets (Yalchin and 
Basmani, 2008; Hu et al., 2009; Thumrongehote et al., 
2012). In refrigerated or frozen products rice flour is 
used as thickening agent because it stops syneresis 
(Kinsella, 1976; Kaur and Singh, 2006; Siddiq et 
al., 2009). Noodles were made from the flour of 
selected rice varieties and were compared for various 
selected properties (Suraiya et al., 2016). It is difficult 
to prepare noodles from some varieties grown in 
Khyber Pakhtunkhwa. This might be due to lack 
of amylose in these varieties. However, researchers 
have not investigated these varieties for amylose 
content, pasting profile, thermal profile, in addition 
the noodles were studied only for sensory properties, 
cooking quality and proximate composition. 

Therefore, there is a lot of scope to work on Pakistani 
rice varieties especially on varieties grown in Khyber 
Pakhtunkhwa for noodle preparation on the basis of 
their amylose content, pasting profile and thermal 
properties. Subsequently, making noodles from 
amylose deficient rice varieties by blending with 
high amylose rice varieties of the utmost importance 
to make use of underutilized rice varieties. This will 
in turn benefits the farmer as well as the noodles 
producers and will improve living standard of local 
farmers.

Materials and Methods

Flour of selected rice varieties namely, Begame, 

Lavange, China Begame, Fakhre Malakand, JP5, 
Basmati 385, Watni, Shamoze Lavange and Swati 
2014 were characterized with the aim to exploit the 
underutilized rice varieties for noodles production. 
This study was divided into two stages, in first stage 
rice flour of selected varieties were investigated for 
physicochemical properties, functional properties 
and pasting profile. Where, in second stage of the 
study flour of low and high amylose rice varieties 
were blended in various ratios (100:00, 80:20, 60:40, 
40:60, 20:80 and 00:100) and were again subjected 
to evaluation for selected quality parameters namely, 
amylose, water absorption index (WAI), water 
solubility index (WSI), swelling power (SP) and 
pasting profile.

Classification of flour of selected rice varieties
In first experiment flour of selected rice varieties 
were examined physicochemical properties including 
colour, scan electronic microscopy (SEM), moisture, 
ash and amylose content), functional namely, water 
absorption index (WAI), water solubility index 
(WSI) and swelling power (SP) and pasting profile 
such as, peak viscosity (PV), break down (BD), 
trough viscosity (TV), set back (SB), final viscosity 
(FV), peak time and pasting temperature.
 
Colour
Colour Tech was used to determine the appearance of 
rice flour of the selected varieties (Qazi et al., 2011). 
Colour of rice flour samples was examined in term 
of L* (index of lightness/darkness), a* (index of hue, 
red/green) and b* (index of yellow/blue). Transparent 
sample container was fully covered with rice flour 
samples and was placed in its respective pot and top 
was placed over it to avoid any external light to enter. 
Then equipment was run and the specified parameters 
were recorded automatically.

Scan electronic microscopy
Scanning electron microscope (SEM) was used for 
scanning the rice flour samples with beam of 10KV 
(Niu et al., 2014). Rice flour samples were dehydrated 
and was placed on the aluminum stub by mean of 
double sided tape and were coated with thin layer of 
gold (50 nm) and were irradiate with beam of electron 
at 10KV. The electron reflected back to a sensor for 
examination of flour particles features in detail and 
recorded in the form of images with magnification of 
1500 to 2000X.
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Determination of moisture (%)
The percent moisture was determined by using hot 
air oven (AACC, 2013). Rice flour of 2g was placed 
in petri dish (w1) and were placed at 105 ± 5 °C in 
an oven for 4 to 6 hours. After this selected time the 
oven was turn off and the petri dishes were cooled by 
placing it in desiccators. Again, weigh the petri dishes 
(w2) and calculate the moisture by using the Equation 
1.

Determination of ash (%)
Rice flour samples were measured for the ash content 
by mean of straight ash method (AACC, 2013). 
Required apparatus used in this experiment were 
muffle furnace, burner, crucible, weighing balance etc. 
Cleaned crucible was filled with 2g pre-dried flour 
sample. Collected sample was then ignited and was 
then transferred to the muffle furnace having 550°C. 
The flour color changes to grey white after complete 
burning (4 to 6 h) of organic matters. Once the 
organic matters are completely oxidized turn off the 
furnace and remove the sample, place it in desiccators 
to cool it down. After cooling crucibles weigh it again 
along with ash and calculate as content according to 
the following Equation 2.

Amylose content
Iodine method was used to measure the amylose 
content of rice varieties by the method of ( Juliano, 
1971). Flour sample of 100 mg was placed in beaker 
and 95% of Ethyl alcohol solution of 1 ml was also 
added to each sample. After that 1 M NaOH solution 
at a rate of 9 ml was added to each sample. Then the 
solution was transferred to 100 ml volumetric flask 
and for at least 10 min in a water bath. Leave it to 
cool then add distilled water to make volume up 
to 100 ml. Then solution was thoroughly shook for 
complete mixing and stored at room temperature. 
Blank experiment was performed at the same time. 
Contents of the flask was mixed well by shaking each 
solution after 23 hours storage. Volumetric flask (100 
ml) was filled with 5 ml of solution then 70 ml of 
distilled water and 1 ml of 1 M glacial acetic acid 
solution and 2 ml of iodine solution (about 10g KI + 
1g iodine properly mixed in 1 liter of distilled water 

to prepared I2 solution just 24 hours before use) was 
added to it and the content of the flask was mixed 
well and left for 20 min to form a dark blue color. 
Absorbance of color was measured at 620 nm by using 
spectrophotometer. Starch of known concentration 
of amylose was used to prepare a standard curve. 
Absorbance reading was converted to percentage by 
using standard curve (Figure 1).

Figure 1: Standard curve of amylose at absorbance of 620nm.

Water absorption index and water solubility index
Both the properties of flour of selected rice varieties 
are studied by using method of (Thurmrongchote 
et al., 2012). Put 1g of sample in a centrifuge tube 
having distilled water. Heat the samples at 80oC 
for 30 minutes using a water bath and vibrated to 
properly mix after each 10 minutes. For 10 minutes 
the tubes were centrifuged at a speed of 2500 rpm. 
The clean petri dishes were poured with supernatant 
and placed in an oven at 105oC for 10 hrs. The petri 
dishes were weighed again and the WAI and WSI 
were determined using the below Equations 3 and 4.

Swelling power (SP)
SP of the sample was measured by the method 
(Schoch, 1964) with certain modification. From 
selected rice flour 0.2 g was put in a centrifuge tube 
in 3 replicates and 10 ml of distilled water was added 
to each tube. Heat each tube on water bath for 30 
minutes and to avoid grit formation shake after each 
10 minutes. Centrifuge tube was detached from water 
bath after 30 minutes and kept at room temperature 
for cooling. The tubes were then put in a centrifuge 
and rotated at a speed of 3000 rpm for 15 minutes. 
Supernatants was collected after 15 minutes in a 
clean petri dish and then weighed. The supernatants 
were heated along with petri dish in an oven for 24 
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hours at 105oC. Swelling power of wheat flour after 
dehydration was calculated using Equation 5.

Pasting profile
Pasting properties of the flour of selected rice varieties 
grown in Khyber Pakhtunkhwa were determined 
by rapid visco analyzer (RVA) with cline window 
software by using method of (AACC, 2013). Initially 
the moisture of all the flour was adjusted to 14% then 
3g of sample of flour was taken in RVA canister and 
enough distilled water was poured to attain total 
weight of 28g. The material was dispersed vigorously 
to make slurry by jogging the plastic paddle having 
blades. Canister along with paddle was then placed in 
the RVA instrument. Slurry of rice flour samples were 
stirred by the paddle in the canister at speed of 960 
rpm for 10 sec. then at 160 rpm for rest of the test. 
Five stages for standard temperature profile are; (1) 
holding the samples for one minutes at a temperature 
of 50°C, (2) raising temperature to 95°C, over period 
of 3.42 minutes, (3) continue to heat the slurry for 
2 minutes at 95°C, (4) then cooling down the slurry 
to 50°C within 3.48 minutes and (5) finally holding 
the slurry for next 2 minutes at the temperature of 
50°C. At every four seconds temperature and viscosity 
values were observed. By using rapid visco unit 
pasting profile such as peak viscosity (Obtained at 
stage 2), through (at step 3), final viscosity (at end of 
the run), pasting temperature (temperature at which 
starch granule swell and gelatinized), peak time (time 
to obtained peak viscosity), breakdown (difference 
between peak viscosity and trough), and setback 
(difference between final viscosity and through) were 
recorded.

Results and Discussion

The selected rice varieties namely, Begame, Lavange, 
China Begame, Fakhre Malakand, JP5, Basmati 
385, Watni, Shamoze Lavange and Swati 2014 were 
characterized with the aim to exploit the underutilized 
rice varieties for noodles production. This doctoral 
study was divided into three stages, in first stage 
rice flour of selected varieties were investigated for 
physicochemical properties (colour, moisture, ash 
and amylose content), functional (water absorption 
index, water solubility index and swelling power) and 
pasting profile (peak viscosity, break down, trough 

viscosity, set back, final viscosity, peak time and 
pasting temperature). Where, in second stage of the 
study flour low and high amylose rice varieties were 
blended in various ratios (100:00, 80:20, 60:40, 40:60, 
20:80 and 00:100) and were subjected to evaluation 
for selected quality parameters namely, amylose, 
water absorption index (WAI), water solubility index 
(WSI), swelling power (SP) and respective pasting 
profile.

Physico-chemical analysis of rice varieties flour
Color: Color is the elementary quality attributes 
which provide information about product age 
and quality (Mares and Cambell, 2001). The color 
parameters L*(index of lightness/darkness), a* (index 
of hue, red/green) and b* (index of yellow/blue) of 
the rice flour of selected varieties are shown in (Table 
1). Statistical analysis showed significant (P < 0.05) 
difference in terms of L*, a* and b* values between 
flour samples of selected rice varieties grown in 
Khyber Pakhtunkhwa. The L* value of rice flour of 
selected varieties were in the range of 70.34 (Fakhre 
Malakand) to 78.36 (China Begame). The results 
obtained are in agreement with the study of Liu 
and Shen (2007) and Qazi et al. (2011, 2014) who 
reported that rice flour have high translucent values 
are considered excellent. They further recommended 
that L* above 70 is suitable for noodle production. 

Table 1: Color (L*, a*, b*) of the flour of selected rice 
varieties grown in Khyber Pakhtunkhwa.
Varieties L* a* b*
Begame 76.77 ±0.02c 2.97±0.01d 11.13±0.02c
Lavange 75.62 ± 0.03d 3.05±0.04c 9.82±0.03 fg
China Begame 78.36 ±0.02a 2.82±0.03e 9.84±0.04 f
Fakhre Malakand 70.34 ±0.03 h 3.55±0.02a 10.96±0.02d
JP5 73.81 ±0.02f 2.33±0.03g 10.52±0.02e
Basmati 385 74.83 ±0.04 e 2.93±0.04d 11.55±0.01b
Watni 73.45 ±0.05g 2.75±0.02f 9.80±0.03 g
Shamoze Lavange 78.33 ±0.03 a 3.18±0.02b 10.94±0.04 d
Swati 2014 76.96 ±0.02b 3.08±0.02c 11.67±0.02 a

Where, a* value for selected rice varieties were in the 
range of 2.75 (Watni) to 3.18 (Shamoze Lavange). 
Likewise, maximum b* value of (11.67) was recorded 
for flour of Swati 2014 rice variety, while minimum 
b* value of (9.80) was recorded for flour of Watni 
rice variety. Values of a* and b* indicated that flour 
samples of all selected rice varieties had slightly 
towards green and yellow shade, respectively, which 
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is very well reflected from the L* values of the flour 
samples. However, these values are still well above the 
acceptable level of high quality flour and subsequently 
various products especially, noodles production 
(Kasemsuwan et al., 1998; Liu and Shen, 2007; Qazi 
et al., 2011, 2014). Variation in xanthophyll and 
ash content significantly effected color of rice flour 
of different varieties (Kaur et al., 2013). Similarly, 
inherent pigments of respective botanical sources, 
flour composition such as protein and carbohydrate 
involved in non-enzymatic browning are major 
contributors to rice flour colour and its products 
(Kaushal et al., 2012; Pedreschi et al., 2006). Similarly, 
Kaur et al. (2013) reported that the yellowness is due 
to the presence of xanthophyll content of the flour. 
Low value of chroma and lightness of high values 
are desired for good quality rice flour (Liu and Shen, 
2007; Qazi et al., 2011). Hence, concluded that flour 
of all rice varieties had desirable lightness and of good 
hue for noodles production. 

SEM: Scan electronic microscopy (SEM) was used 
for detail examination of shape and surface features 
of the flour particles of Begame, Lavange, China 
Begame, Fakhre Malakand, JP5, Basmati 385, Watni, 
ShamozeLavange and Swati 2014 rice varieties grown 
in Khyber Pakhtunkhwa (Figure 2). Image presented 
in Figure 2a revealed that Begame rice flour had 
irregular small and large particles. Where, Lavange 
rice flour had mostly composed of large particles 
(Figure 2b). However, small adhered bodies were also 
observed with flour particles of both the varieties, 
which might be protein molecules (Gutierrer et 
al., 2002). On the other hand, images presented in 
Figure 2c regarding flour particles of China Begame 
rice variety had mostly composed of large irregular 
particles having very few small particles in between 
these large one with no visible signs of adhered bodies. 
While, Fakhre Malaknad rice variety had mixture of 
small, medium and large irregular shaped particles 
with no signs of adhered bodies (Figure 2d). In 
contrast, JP5 flour particles are mostly conglomerate, 
means flour particles joined together and appeared 
like a small ball (Figure 2e). At last flour of Watni, 
Shmaoze Lavange and Swati 2014 are composed of 
irregular small, medium and large particles. However, 
flour particles of Watni are more compact than rest 
of the two rice varieties flour particles (Figure 2, h 
and i). But flour of Swati 2014 had mostly composed 
of large particles having expected adhered protein 
bodies (Gutierrer et al., 2002).

The size of starch granules influenced the various 
properties namely, functional and pasting profile and 
subsequently overall quality of the noodles (Naifu 
et al., 2016). Flour with large particles normally 
required more processing time for noodles production 
(Chen et al., 2003). Likewise, protein in the rice 
flour wrapped around to starch granules restricted 
the swelling power of the starch granules and act as 
a physical, even present in space between the starch 
granules and also on the surface of the starch granules 
after cooking (Ye et al., 2018). Likewise, particle size 
of the starch granules also affected the texture of the 
noodles. Small particle sized starch produces noodles 
with high tensile strength than that of large particle 
sized starch Nura et al. (2011). Similarly, Yoenyong 
Buddhagal and Noonherm (2002) and Hatcher et 
al. (2002) reported that the texture of noodles could 
be enhanced by using fine flour, because the small 
particle gelatinized quickly as compared to large 
particle sized starch. Additionally, heat and water 
can easily penetrate inside the small particle the high 
paste viscosity of the fine particle flour showed a high 
proportion of gelatinized starch which is the binding 
agent and improve the texture of noodles (Fu, 2008; 
Nura et al., 2011). Conclusively it is stated that all the 
studied rice varieties had mixture of small, medium 
and large irregular elongated particles which not only 
greatly influence functional and pasting properties of 
flour but will also produce noodles of different texture 
and quality acceptability.

Figure 2: SEM Image of flour particles of (a) Begame, (b) Lavange, 
(c) China Begame, (d) FakhreMalakand, (e) JP5, Basmati 385, (g) 
Watani, (h) ShamozeLavange and (i) Swati 2014 rice varieties 
grown in Khyber Pakhtunkhwa, Pakistan.

Moisture: Moisture content is an important quality 
parameter that affects the storage life of the rice flour 



June 2021 | Volume 37 | Issue 2 | Page 526

Sarhad Journal of Agriculture
(Rosniyana et al., 2013). Percent moisture of the 
flour of selected rice verities are given in (Table 2). 
Statistically, there was significant (P <0.05) difference 
between the moisture content of all the selected rice 
varieties flour. The data from the table disclosed that 
flour Begame variety had high moisture (11.33%), 
while flour of Watni had low moisture (8.30%) among 
the tested varieties. The results are in accordance with 
the findings of  Islam et al. (2011), Nura et al. (2011) 
and Thumrongchote et al. (2012), who concluded 
that the moisture of the rice flour ranged from 
5 to 9.61%. The data also revealed that flour of all 
the selected rice varieties were in the safe limit (less 
than 12%) for storage as previously reported by Son 
(2007). Similarly, Omeire et al. (2014) and Nnam 
(2002) reported that for longer and safe storage of 
flour, moisture content below 12% is necessary. Flour 
with more than 12% moisture content is liable to 
insect infestation, microbial growth, flavor change 
and enzyme activities (Hoseney, 1994; Saeid et al., 
2015). Likewise, Hoseney (1994) also reported high 
lipolytic and proteolytic enzyme activities in high 
moisture content flour which decreased protein and 
fat content in the flour. On the other hand, finding 
of the Kassegn (2018) and Adom et al. (2005) 
revealed that low moisture in flour reduced the rate 
of biochemical reactions and mold growth which in 
turn improved the shelf stability of the flour. Moisture 
content of the rice flour is affected by variety, climate 
and storage condition, milling, processing and milling 
temperature (Nishata and Bean, 1982; Masood et al., 
2004; Eshun, 2012; Saeid et al., 2015; David et al., 
2015; Suriya et al., 2016). Thus, concluded that rice 
flour of all selected variety were very well within the 
safe limit.

Table 2: Moisture (%), ash (%) and amylose (%) contents 
of flour of rice varieties grown in Khhyber Pakhtunkhwa.
Varieties Moisture (%) Ash (%) Amylose (%)

Begame 11.33 ± 0.57a 0.95±0.02a 26.20±0.08b

Lavange 9.70 ± 0.15d 0.98±0.01a 27.65±0.09a

China Begame 10.53 ± 0.93bc 0.95±0.02a 24.57±0.33e

Fakhre Malakand 10.70 ±0.10abc 0.94±0.04a 26.30±0.1b

JP5 10.66 ± 0.12bc 0.95±0.03a 26.27±0.06b

Basmati 385 10.80 ± 0.20ab 0.95±0.01a 25.71±0.10c

Watni 8.30 ± 0.09e 0.95±0.01a 9.11±0.10f

Shamoze Lavange 10.10 ± 0.19cd 0.97±0.03a 26.30±0.11b

Swati 2014 10.13 ± 0.14cd 0.98±0.00a 24.99±0.48d

Percent ash: Ash is the total mineral content present 
in the flour (Saeid et al., 2015). Ash of the flour of rice 
varieties studied given in (Table 2). Statistical analysis 
divulged non-significant (P < 0.05) difference in the 
ash content of selected rice varieties. Data exposed that 
the range of the ash content of the selected varieties 
were 0.94-0.98%. The result is in closed resemblance 
with the findings of Wadchararat et al. (2006), 
Islam et al. (2011) and Thamrongchote et al. (2012) 
who reported the range of ash content in rice flour 
between 0.40 to 1.5%. This variation might be due to 
differences in varieties, milling procedure, agronomic 
practices, origin, climate and soil conditions (Han et 
al., 2011; Bilgicli, 2013; Saeid et al., 2015; Kassegn, 
2018). High ash content flour produces product 
with darker color which had negative impact on the 
consumer preference (Aravind et al., 2012). Similarly, 
Heinio et al. (2016) reported that flour having high 
ash produced pasta with darker color and less glossy 
appearance. There is no such cutoff regarding ash 
content of flour for good quality noodles, however, 
Han et al. (2011) and Gulia et al. (2014) reported 
that flour with ash content less than 1% produced 
noodles with high acceptability rate, especially in 
terms of colour. On the basis of above discussion this 
is concluded that flour of all the selected rice varieties 
grown in Khyber Pakhtunkhwa are very well suitable 
for noodles production.

Amylose: Amylose is one of the most important 
quality components of rice flour and subsequently 
for noodles production (Fu, 2008; Qazi et al., 2011). 
According to statistical data there is significant (P < 
0.05) difference in the amylose content between the 
flour of rice varieties (Table 2). Data presented here 
disclosed that flour of Lavange variety had maximum 
amylose content (27.65%), while low amylose was 
observed in the flour of Watni variety (9.11%). 
The variation in amylose content between the rice 
varieties may be due to growing area, variation in 
fertilizer, growing conditions, genetic makeup and 
method of amylose determination (Tan et al., 2009; 
Saied et al., 2015). Similarly, gel strength of the starch 
also depends on the amylose content of the flour/
starch, higher the amylose high will be gel strength 
(Ishguro et al., 2000). Likewise, amylose had also 
significant effect on the swelling power and solubility 
of starch (Liu and Shen, 2007). Texture of noodle is 
highly affected by the amylose content of rice flour 
(Nura et al., 2011; Fari et al., 2011; Qazi et al., 2011). 
Additionally, noodle hardness and stickiness also 
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depending on amylose content (Fari et al., 2011). 
Rice flour having high amylose content considered 
best for production of rice noodles (Li and Luh, 
1980). Therefore, rice noodles can be made from flour 
or starch having high amylose content which give 
high textural and cooking qualities. The intermediate 
amylose flour produced noodles with soft texture, 
while low amylose content flour or waxy starch is not 
suitable for noodles production (Suriya et al., 2016; 
Sookdang, 1998). Amylose had major contribution in 
pasting properties of starch (Singh et al., 2006). Flour/
starch with high amylose level bind more water during 
gelatinization resulted in opaque gel, hard and non-
sticky textured noodles (Murphy, 2000; Sandhu and 
Kaur, 2010). Conclusively, all varieties are categorized 
in high amylose content, except Watni, which is 
classified as low amylose rice variety. Two varieties 
were selected namely, Lvange and Watni as high and 
low amylose rice variety respectively for blending and 
subsequently for noodles preparation.
 
Functional properties of flour of rice varieties
Water absorption index: Water absorption index 
(WAI) of the rice flour presented in (Table 3). 
Statistical analysis showed significant (P < 0.05) 
difference in WAI of flour of rice varieties studied. 
This was observed from the data that among all the 
varieties lavange had low (2.33g/g) WAI, while swati 
has high (3.10g/g). These results are in accordance 
with the outcomes of Thumrongehote et al. (2012) 
and Heo et al. (2013), who observed that WAI of 
rice flour ranged between 3.3 to 8g/g. The difference 
in WAI of rice flour may be due to level of damage 
starch, milling method and temperature as previously 
reported by Heo et al. (2013). Additionally Nura et 
al. (2011), Thumrongehote et al. (2012) and Chandra 
and Shamsher (2013) reported that amylose, protein, 
carbohydrate and fiber content had also significantly 
affected WAI of rice flour. The concentration of starch 
and fiber in flour increased the water absorption 
index (Chandra and Samsher, 2013). Furthermore, 
particle size of flour had notably affected the WAI 
of the rice flour (Nura et al., 2011; Thumrongehote 
et al., 2012). Chiang and Yeh (2002) found a direct 
relationship (R2 = 0.93) between water absorption 
index and damaged starch level. Flour with good 
water absorbing ability produced noodles with softer 
texture and high acceptability Qazi et al. (2014). Thus, 
conclude that rice flour had good WAI that suited 
noodles production requirements.

Table 3: Functional properties of flour of selected rice 
varieties grown in Khyber Pakhtunkhwa.
Varieties WAI (g/g) WSI (%) SP (g/g)
Begame 2.59±0.04c 7.09±0.08h 2.57±0.03c
Lavange 2.33±0.11bc 9.24±0.22f 2.61±0.11bc
China Begame 2.59±0.04c 16.95±0.14a 2.55±0.04c
Fakhre Malakand 2.62±0.35c 8.12±0.10g 2.60±0.35bc
JP5 2.96±0.32ab 12.64±0.22d 2.94±0.32ab
Basmati385 2.79±0.19abc 10.16±0.04e 2.76±0.18abc
Watni 2.57±0.07c 16.33±0.30b 2.52±0.08c
Shamoze Lavange 2.73±0.29bc 6.32±0.39i 2.71±0.30abc
Swati 2014 3.10±0.06a 14.88±0.06c 3.05±0.07a

Water solubility index
Table 3 present water solubility index (WSI) of 
the flour of selected rice varieties grown in Khyber 
Pakhtunkhwa. Statistically analysis indicated that 
WSI of flour selected rice varieties were significant 
(P < 0.05) different from each other. Data further 
revealed that WSI of the flour of selected rice varieties 
ranged between 6.32% (Shamoze Lavange) to 16.95% 
(China Begame). Results pertained here are in close 
resemblance with the findings of Wadchararat et 
al. (2006), Thumrongchote et al. (2012) and Heo 
et al. (2013) who reported that WSI of rice flour 
ranged between 6 to 7.94%. Water solubility index 
of rice flour depend on amylose and temperature 
of the cooking water (Wadchararat et al., 2006). 
However, temperature had direct relationship with 
solubility, while amylose had contrary relationship 
to solubility index of the rice flour (Wadchararat et 
al., 2006). Similarly, Wadchararat et al. (2006) and 
Thumrongchote et al. (2012) reported that protein 
and starch lipid complex are also important factors 
affecting the WSI of the rice flour. Both protein and 
lipid form coating on the starch granule surface and 
made it difficult for water to reach the starch granules 
which in turn decreasing the WSI of the starch 
granules (Ye et al., 2018). Moreover, level of damage 
starch and milling procedure also affected the water 
solubility index of rice starch and had direct relation 
(Heo et al., 2013). Furthermore, amylopectin molecule 
has higher susceptibility to degradation through 
sheering as compared to amylose, thus an increase in 
the WSI may be due to the easy percolation of the 
amylose or small size amylopectin molecule from 
the damage starch (Okusu et al., 2010; Dhital et al., 
2011). There is variation in WSI of flour of selected 
rice variety that may affect noodles quality.
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Swelling power 
Swelling power (SP) is the capacity of starch granules 
to grasp water, which is the function of amylopectin 
of the starch (Yuree et al., 2015). Swelling power 
of rice flour of selected varieties grown in Khyber 
Pakhtunkhwa given in (Table 3). The data unveiled 
significant (P < 0.05) differences in SP of the selected 
rice varieties flour. Data also disclosed that maximum 
SP (3.50g/g) was recorded in flour of Swati variety, 
while minimum SP (2.52g/g) was observed in flour of 
Watni rice variety. These results are in accordance with 
the outcomes of Fari et al. (2011), Thumrongchote et al. 
(2012) and Wadchararat et al. (2006), who concluded 
that the SP for different rice varieties flour was in the 
range of 6.5 to 16.23 g/g. Protein and amylose played 
important role in swelling power of the rice flour. 
Protein inhabited granule swelling due to the presence 
of disulphide bond as reported by Fari et al. (2011) and 
Wadchararat et al. (2006). Similarly, starch and protein 
bound with lipids and created amylose lipid complex 
that affected the SP of rice flour. Several factors like 
starch type, temperature and protein content of the 
starch granules played vital role in the swelling power 
of the starch granules (Suraiya et al., 2016). Similarly, 
SP is the water retention capability of flour which is 
mainly due to the amylopectin (Tester and Morrison, 
1990) while, the amylose function is to inhibit the 
swelling (Techawipharat et al., 2008). Likewise, 
Wang and Copeland (2012a, 2012c) reported that 
the swelling power and water binding capacity of the 
starch granules is due to the unbroken structure of 
amylopectin part of the granule. Correspondingly, 
the degradation of starch granule also decreased 
the swelling power of starch (Guler et al., 2002; 
Yoenyongbuddhagal and Noomhorm, 2002). In the 
same way, amylopectin and amylose content and 

there configuration significantly affected the swelling 
behavior of the starch granules (Tester and Morrison, 
1990). In conclusion, flour of rice varieties is suitable 
for noodles preparation on basis of SP.

Pasting profile of rice varieties flour
Pasting properties are vital parameter for the quality 
of noodles and has a reliable interpreter for the 
noodles quality (Offia-Olua, 2014). The pasting 
profile include Peak viscosity (PV), trough viscosity 
(TV), break down (BD), final viscosity (FV), setback 
(SB), peak time (PTi), pasting temperature (PT) of 
the rice flour of selected varieties grown in Khyber 
Pakhtunkhwa are given in (Table 4). Data regarding 
statistical analysis disclosed that pasting profile of all 
the selected rice varieties flour are significantly (P < 
0.05) different from each other.

High PV is the ability of starch to enlarge freely before 
physical break and to resist stress and high heating 
condition (Fari et al., 2011). Peak viscosity of the rice 
flour of selected varieties was ranged between 542 to 
2959.7cP. The rice flour having low amylose starch 
will have high PV value because of low amorphous 
region and high degree of crystalline region of the 
starch granules (Tukomane et al., 2007). Similarly, 
when majority of the starch granules swells the PV 
occurred at this stage (Tsai et al., 1997). Breakdown 
viscosity is the potency of paste during product 
development (Adebowale et al., 2005). Flour having 
high breakdown viscosity has the ability to withstand 
high stress and high heating condition during 
processing (Chinma et al., 2010; Adebowale et al., 
2005). Similarly, the breakdown viscosity of the flour 
of selected rice varieties was between 90 to 980cP. 
Trough viscosity ranged between 414 to 2647cP.

Table 4: Pasting profile (cP) of flour of selected rice varieties grown in Khyber Pakhtunkhwa.
Varieties Peakviscosity Troughvis-

cosity
Breakdown Finalviscosity Setback Peaktime

(min)
Pastingtemp.
(°C)

Begame 1085.3±4.04f 987.67±6.11f 90.33±6h 1683.7±10.41f 691±8.19g 7.08±0.55ab 93.41±0.93c
Lavange 2474±4.00b 1967.7±7.02b 507.67±4.51c 4029±6b 2055.3±6.03e 6.94±0.16ab 88.78±0.40e
China Begame 2959.7±6.66a 2647±8.19a 309.33±4.51d 5543±9a 2891.3±8.33a 6.30±0.20ab 94.27±1.10bc
Fakhre Malakand 1289.7±5.03e 1016±2.65e 277±6.24e 1625.3±9.50g 612±10h 7.16±1.26a 94.74±0.11b
JP5 2209.0±5.57c 1238.3±7.51d 980.67±6.66a 3854.3±7.51d 2625.3±8.62b 6.52±0.52ab 88.33±0.24ef

Basmati 385 884±5.57g 782.33±5.86g 115±10g 3041.3±10.02e 2272.3±10.02d 6.13±0.42b 91.64±0.33d
Watni 691.33±7.09h 616.67±7.64h 90.33±6.11h 965.67±6.03i 360±9.54i 6.82±0.46ab 95.78±0.27a

Shamoze Lavange 2179.7±8.33d 1286.7±9.61c 888±10.54b 3877.7±8.33c 2587±6c 6.47±0.41ab 87.56±0.59f
Swati2014 542.67±4.51i 414.67±9.29i 137.33±5.69f 1417.0±6.24h 1011.7±6.51f 6.60±0.57ab 94.45±0.56b
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Setback viscosity is the indication of gel constancy and 
degree of retrogradation (Liang and King, 2003; Niba 
et al., 2001). Retrogradation is the rearrangement of 
amylose molecules upon cooling of gel (Rodriguez-
Sandoval et al., 2008). A double helical structure is 
formed by amylose molecule due to hydrogen bonding 
during cooling process (Denardin and Smith, 2009). 
Similarly, Chinma et al. (2010) stated that the high 
SB value is the indication of starch molecule disperse 
in hot paste and retrograde upon cooling. Final is the 
capability of starch granules to become gelatinized 
upon processing (Liang and King, 2003; Niba et al., 
2001). The range of FV of the flour of selected rice 
varieties were between 965 to 5543cP. Peak time 
and pasting temperature were in the range of 6.13 to 
7.16 minutes and 87 to 95oC, respectively. The above 
results are also in agreement with the findings of Qazi 
et al. (2011), who showed similar range for the pasting 
parameters of rice flour. Both peak time and pasting 
temperature had significant role in final product, 
especially noodles (Hormdok and Noomhorm, 2007; 
Qazi et al., 2011). Hence, concluded that rice flour 
having amylose had significant role in pasting profile 
and subsequently in noodle functional and cooking 
quality.

Functional properties of blends of high and low amylose 
rice flour
Amylose content: Amylose content is important 
parameter for the structure, gel strength and cooking 
properties of rice flour noodles (Sofi et al., 2020; Fari et 
al., 2011; Nura et al., 2011; Qazi et al., 2011). Amylose 
content of various blends of low and high amylose rice 
flour blends presented in (Table 5). Statistical analysis 
showed significant (P < 0.05) difference in amylose 
content of among various blends of the rice flour. The 
data from the table disclosed that with the increase 
in level of rice flour of Lavange variety had increased 
the amylose content of Watni rice flour. The table 
also clarified that the blend LAHA (20:80) had high 
(22.74%) amylose content and will produced high 
quality noodles than rest of the blends. The amylose 
to amylopectin ratio also affects the processing, 
physicochemical properties and functional properties 
of the starch (Chen et al., 2019; Schirmer et al., 
2013; Singh et al., 2006). The integrity of the starch 
granule is also maintained by amylose content, that 
significantly decreased solubility and swelling power 
of the starch (Chen et al., 2019; Tester et al., 2004). 
Noodles prepared from flour with high amylose 
content had low cooking loss and improved texture 

and considered best for noodle production (Sofi et 
al., 2020; Qazi et al., 2011; Li and Luh, 1980). The 
intermediate amylose content flour give product with 
soft texture, low amylose content flour is not suitable 
for noodles preparation (Suriya et al., 2016; Sookdang, 
1998). This is concluded form the above discussion 
that amylose content significantly increased with the 
increase of flour of Lovenge in the blends.

Water absorption index
The capacity of flour to absorb and hold water 
during paste and dough formation is called WAI and 
important characteristics in the production of ready- 
to-eat food from cereal grain like noodles (Singh, 
2001; Tharise et al., 2014; David et al., 2015). Water 
absorption index of various blends of low and high 
amylose rice flour are shown in (Table 5). This is very 
well clear from the statistical analysis that WAI of 
flour samples are significantly (P < 0.05) decreased 
with increasing level of Lavange rice flour in the 
blend. Flour of both Lavange and Watni rice flour had 
high and low WAI mean values 2.41g/g and 2.77 g/g, 
respectively. However, blended flour of LAHA (80:20) 
had higher WAI mean value than rest of the blended 
flour samples. Inadequate water absorption can leads 
to hard and course feature noodles, while excess water 
produced sticky and soft textured noodles (Song et 
al., 2013). Rice flour absorbed much higher amount 
of water due to fact of small granule size than rest 
of the cereals and tuber starches (Nura et al., 2011). 
Generally, water absorption index of rice flour ranged 
from 1.92 to 8 g/g (Thumrongchote et al., 2012; Heo 
et al., 2013; Chandra and Samsher, 2013). This was 
observed that adding wheat flour had significantly 
reduced WAI of rice flour (Ahmad et al., 2015; Singh 
et al., 2008; Ammar et al., 2009). Likewise, flour with 
high level of damage starch had high WAI (Penfield 
and Campbell, 1990; Kasemsuwan et al., 1998). 
Moreover, WAI of rice flour influence in the presence 
of protein, carbohydrate, fiber, fat and amylose. With 
higher percentage of fibers and starch WAI of the 
flour increased positively (Nura et al., 2011; Chandra 
and Samsher, 2013). In contrast, the WAI decrease as 
the level of amylose increase in the flour (Nura et al., 
2011; Adeyeye and Aye, 1998). Similarly, the protein 
starch interaction also decreased the water absorption 
capacity of the flour (Fari et al., 2011; Song et al., 
2013).

Water solubility index
Statistical analysis showed significant (P < 0.05) 
difference in the WSI of different blends of low and 
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high amylose rice flour (Table 5). With the addition of 
high amylose rice flour in blends the WSI of the blend 
decreased from 14.77% (LAHA 80:20) to 10.61% 
(LAHA 20:80). This decrease in WSI has direct 
relation with amylose of the rice flour (Wadchararat, 
2006). The result having close resemblance with the 
findings of Heo et al. (2013); Thumongchate et al. 
(2012) and Wadchararat et al. (2006), who reported 
that WSI of rice flour ranged from 0.6 to 7.94%. In 
contrast, some researchers showed positive relationship 
between amylose and WSI of the rice flour, but yet not 
confirmed (Thumrongchote et al., 2012). Methods of 
milling and damage starch content also influenced the 
WSI of rice flour (Heo et al., 2013). Similarly, protein 
and starch lipid complex also reduced the stability of 
rice flour (Thumrongchote et al., 2012; Wadchararat 
et al., 2006). The WSI of the damage starch flour is 
more than the normal starch granules. Similarly, 
temperature, flour composition, amylose, protein, 
fat and fiber had significant role in WSI (Sathe and 
Salunkhe, 1981; Wadchararat et al., 2006).

Swelling power
Swelling power is the capacity of starch granule to 
absorb water under stress condition (Wadchararat 
et al., 2006). The crystalline structure of the starch 
granules disappeared, when heated in excess of water, 
allowing the water molecule to make a link through 
hydrogen bonding with the hydroxyl group starch 
molecules causing an increase in swelling of the starch 

granules (Ye et al., 2018). Statistical analysis showed 
significant (P < 0. 05) difference among different flour 
blends of low and high amylose rice varieties (Table 
5). The table showed a decrease trend in swelling 
power of the blend. High SP value of (6.45g/g) was 
obtained by LAHA (80:20) as compared to LAHA 
(00:100) that is 2.54 g/g. This increase in SP may be 
due to high amylopectin as previously reported by 
(Tester and Morresion, 1990; Yuree et al., 2015). The 
water absorbing capacity and cooking loss of different 
rice products may be affected by the solubility and 
swelling power of the starch granules (Hu et al., 2009). 
The structure of amylopectin affects gelatinization, 
refrigeration and pasting properties of rice starch 
and flour (Bhattacharya, 2009; Jane et al., 1999; Lin 
et al., 2001). Likewise, Vanclepatte et al. (2003) also 
concluded that flour having high amylopectin will 
have high water holding capacity because of higher 
solubility by the weak starch. Protein and fat content 
of the flour has also negative effect on the swelling 
power of the starch granules (Parada and Santos, 
2016; Svihus et al., 2005). Rice flour had SP in the 
range of 3.8 to 16.23g/g (Fari et al., 2011; Heo et 
al., 2013; Thumrongchote et al., 2012; Wadchararat 
et al., 2006). Swelling power of rice flour is dictated 
by processing temperature, milling methods, 
protein, starch granules, amylose and amylopectin 
concentration (Hormdok and Noomhorm, 2007; 
Heo et al., 2013).

Table 5: Amylose and functional properties of flour blends of low and high amylose rice varieties grown in Khyber 
Pakhtunkhwa.
Blends Amylose (%) WAI (g/g) WSI (%) SP (g/g)
LAHA 100:00 9.11± 0.22 f 2.77 ± 0.43 a 16.36±0.28 a 2.45 ±0.22 e
LAHA 80:20 12.80±0.19 e 2.75 ±0.27 a 14.77 ±0.21 b 6.45±0.19 a
LAHA 60:40 16.47± 0.34 d 2.65 ±0.45 b 13.57±0.31 c 5.73±0.34b
LAHA 40:60 19.49± 0.29 c 2.63 ±0.23 d 11.61 ±0.31 d 4.46±0.29 c
LAHA 20:80 22.74±0.27 b 2.60 ±0.28 d 10.61 ±0.38 e 3.50±0.27 d
LAHA 00: 100 27.65± 0.31 a 2.41 ±0.25 f 9.23±0.37 f 2.54± 0.31e

Table 6: Pasting profile (cP) of flour blends of low and high amylose rice varieties grown in Khyber Pakhtunkhwa.
Blends Peak viscosity Trough vis-

cosity
Break down Final viscosity Set back Peak time 

(min)
Pasting temp. 
(°C)

LAHA 100:00 542.67± 9.12 f 414.67± 5.06f 137.33±5.03 f 1417.0± 5.63f 1011.7±7 f 6.60 ±0.2 a 94.45± 0.1a
LAHA 80:20 3717.0±7 c 2182.7±4.04 d 1524.3±5.03 d 4320.7±6.65 d 2141.0±6.11 c 6.50±0.3 a 68.53± 0.4bc
LAHA 60:40 5979.7±9.07 a 2684.7±4.04b 3286.0± 5.13 a 5520.0±8.54 b 2833.7± 7.50 b 5.51± 0.1 b 67.67±0.1 c
LAHA 40:60 5633.0± 8.19 b 3163.7± 5.03 a 2467.0±4.02 b 5158.0±4.01 c 1991.3±8 d 5.67± 0.1 b 50.23± 0.1 d
LAHA 20:80 2920.3± 6.66 e 1319.7±6.02 e 1592.3±5.13 c 3206.0±5.56 e 1881.0± 6.66 e 5.43 ±0.3 b 69.43 ±0.1 b
LAHA 00: 100 2959.7± 6.76 d 2647.0± 7.23c 309.33±4.14 e 5543.0±5.72 a 2891.3± 8.32 a 6.30±0.1 a 94.27 ±0.1 a
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Pasting profile of blends of high and low amylose rice 
varieties
Table 6 shows pasting profile (peak viscosity, trough 
viscosity, break down, setback, final viscosity, peak 
time and pasting temperature) of various blends of 
low and high amylose rice varieties flour. Statistical 
analysis clearly indicated that pasting properties of 
these low amylose rice flour had significantly (P < 
0.05) influenced with the blending of high amylose 
rice flour. The data disclosed that with the increase 
in high amylose rice flour in the blend PV increased, 
with high PV of 5979cP (LAHA60:40). High PV 
is the ability of starch granule to swell freely before 
physical breakdown and to resist stress and high 
heating condition (Fari et al., 2011). Breakdown 
viscosity is the potency of paste during product 
development (Adebowale et al., 2005). The BD of 
the blends increased significantly (P<0.05) with the 
addition of high amylose rice flour in the blends. Data 
revealed that (LAHA 60:40) had higher BD mean 
value of 3286cP than rest of blended flour samples. 
Similar results were found by Qazi et al. (2011), where 
flour has high breakdown viscosity has the ability to 
withstand high stress and high heating condition 
during processing (Chinma et al., 2010; Adebowale 
et al., 2005). Similarly, TV of the blinds modified 
positively with the addition of high amylose rice flour. 
High TV mean value of (3163.7cP) in blended flour 
sample was recorded for (LAHA 40:60). The results 
are in agreement with the finding of the Qazi et al. 
(2011), who reported that the pasting properties of 
the rice flour blends with other starch modified and 
have a positive effect on the properties of the final 
products. 

The setback viscosity of various flour blends of high 
and low amylose rice varieties significantly (P <0.05) 
different from each other and ranged between 1881cP 
(LAHA 20:80) to 2833cP (LAHA 60:40). Set back 
viscosity is the indication of gel constancy and degree 
of retrogradation (Liang and King, 2003; Niba et al., 
2001). Retrogradation is a phenomenon occurred 
when amylose molecules rearrange themselves upon 
cooling of gel (Rodriguez-Sandoval et al., 2008). 
The hydrogen bonds among amylose molecules 
have the tendency to form double helical structure 
during cooling process (Denardin and Smith, 2009). 
Similarly, Chinma et al. (2010) stated that the high 
SB value is the indication of starch molecule disperse 
in hot paste and retrograde upon cooling. Final 
viscosity is the capability of starch granules to become 

retrograde upon cooling (Liang and King, 2003; Niba 
et al., 2001). 

Similar to rest of pasting properties final viscosity of 
low amylose rice flour (Watni) also enhanced with 
the addition of high amylose rice flour (Lavange). 
Statistically, FV of blended samples are significantly 
(p < 0.05) different form each other. Data showed 
that LAHA (60:40) had higher FV mean value of 
(5520cP), while LAHA (20:80) had low FV mean 
value of (3206cP) Final viscosity increased from 
1417cP (LAHA100:00) to 3206cp (LAHA 20:80). 
Same trend in final viscosity was also observed 
by Qazi et al. (2011), who concluded that the final 
viscosity of rice starch increased with addition of other 
starch sources and produced good quality noodles. 
Peak time, pasting temperature and pasting time has 
also increased with the increase of high amylose rice 
flour in the blend. Similar results are confirmed by 
Karim et al. (2008) who concluded that high granules 
rigidity and amylose increased the pasting properties 
of the rice flour. On the other hand, Noda et al. (2002) 
examined that starches having low content of amylose 
had low pasting properties.

Both peak time and pasting temperature (PT) of the 
blended flour samples of high and low amylose rice 
varieties were significantly (p < 0.05) varied from 
each other. High peak time of (6.5min.) was observed 
in blended flour sample of (LAHA 80:20), while low 
peak time of (5.43min.) was observed for blend flour 
sample of (LAHA 20:80). The above results are also 
in agreement with the findings of Qazi et al. (2011), 
who showed similar range for the pasting parameters 
of rice flour. Both peak time and pasting temperature 
had significant role in final product, especially noodles 
(Hormdok and Noomhorm, 2007; Qazi et al., 2011).

Conclusions and Recommendations

In the initial stage of the research the physicochemical 
and functional properties of the flour of the selected 
rice varieties were studied and concluded that the 
color L* of the flour of all the rice varieties were in 
the acceptable range for the noodles preparation. The 
moisture content of the flour of the selected varieties 
was less than 12% which is a safe limit for storage of 
flour and subsequently for noodles production. Flour 
of the selected rice varieties were also characterized 
from low to high amylose content. This is concluded 
that flour of Lavange had high amylose and Watni 
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had low amylose content and were selected for 
noodles preparation and further study. The functional 
properties like WAI, WSI and SP of the high amylose 
flour were significantly different than that of low 
amylose rice flour. It is expected from the above 
conclusions that the high amylose rice flour would 
produce good quality noodles. In the second stage of 
the study different blends were made by mixing the 
high amylose rice flour to low amylose rice flour and 
were studied for amylose content and WAI, WSI and 
pasting profile. This is concluded that the amylose 
of the low amylose rice flour was increased to high 
level and the maximum amylose was obtained by 
LAHA 20:80 (22.74%). The functional properties 
namely water solubility index, water absorption index 
and swelling power of the low amylose rice flour 
were lowered down by the addition of high amylose 
flour in the blends. The pasting properties were also 
modified by the addition of high amylose rice flour to 
low amylose rice flour.

Novelty Statement

No work has been reported so far regarding rice 
varieties grown in Khyber Pakhtunkhwa. High 
amylose rice variety was blended to modify various 
selected properties of low amylose rice variety. 
Further, this research will provide new market for 
underutilized rice variety such as Watni, etc.
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