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ABSTRACT

Background: Thailand has one of the most important rice genetic resources with white, light
brown, brown, red, and purple rice bran colors. The latter forms are believed to have the
potential for health benefits due to their phenolic content. Recently researchers have indicated
that starch digestive enzymes, including salivary and pancreatic a-amylases and a-
glucosidases, can be inhibited by phenolic compounds. Although pasting properties of rice
flour are key determinants of quality significantly impacting the final product texture, there is
no in-depth study on their correlation with phenolic compound and starch digestibility.

Methods: Rice flour from twelve varieties, three from each of five bran colors (white, brown,
red, and purple), were evaluated for pasting properties (RVA-3D), total phenolic compounds,
amylose content, resistant starch and estimated glycemic index. Simple correlation
coefficients were calculated for the relationships between pasting properties (final viscosity,
breakdown, setback and pasting temperature) and total phenolic compounds, resistant starch
and estimated glycemic index.

Results: Within each rice variety, red and purple pigmented flours had higher total phenolic
compounds (TPC) and more resistant starch than that of white flours. The TPC and resistant
starch content of the flours ranged between 7.83- 47.3 mg/L and 2.44-10.50% respectively,
and producing 60-80 of estimated glycemic index. Viscosity behavior showed that pigmented
with low amylose rice had lower viscosity temperature than that of pigmented with high
amylose rice flour, but higher in peak viscosity. Correlation coefficients of pasting
temperature, final viscosity, break down and setback with TCP was observed to be inversely
related to glycemic index. However, it was positively correlated to the resistant starch and
amylose content.
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Conclusions: Pigmented rice flour is a better source of TPC and resistant starch, which in
turn provides low glycemic index. This could help reduce the onset of type 2 diabetes and
other related chronic diseases. In addition, this study provides impact of pasting behavior —
TPC- resistant starch of rice flour relationships, which have important implication for
utilization in food industry.

Keywords: total phenolic compounds, amylose content, resistant starch, glycemic index

BACKGROUND:

Thailand is a major rice producing and export country with the export volume of about 5-6
million tons per year. Thailand also has one of the most important rice genetic resources with
white, light brown, brown, red, and purple rice bran colors. Pigmented rice, which belongs to
the special rice varieties, contains pigments in the aleurone layer composed of a mixture of
anthocyanins [1]. Its grain color ranges from various shades of red and purple to black.
Pigmented rice was reported to have a health-promoting potential due to its substantial
antioxidant content which inhibited the formation or reduced the concentrations of reactive
cell-damaging free radicals [2, 3, 4],such as protecting the body tissue from oxidative
damage. The consumption of this rice is associated with reduced risk of developing chronic
diseases, for instance, cardiovascular disease and diabetes [5, 6]. Recently researchers
indicate that starch digestive enzymes, including salivary and pancreatic a-amylases and o-
glucosidases, can be inhibited by phenolic compounds [7].

INTRODUCTION:

Rice (Oryza sativa L.) is the most important cereal crop and the stable food of over half the
world’s population. The majority of rice varieties grown in Thailand are long grain. In
Thailand, rice varieties are divided into 4 types according to custom and usage, such as waxy
rice, low, medium and high amylose rice. More than 5,000 rice varieties are known within the
country. The rice most suitably grown in each part of the country varies due to environmental
differences. Rice varieties commonly used in commercial rice flour production in Thailand
are waxy and high amylose rice that involve of pigmented rice. In 2014-2015, Thailand
produced 38.80 million tons of paddy rice and exported 9 million tons. The use of rice as a
food ingredient has also increased by 3.7% due to the rising popularity and availability of
snacks, frozen dish, rice pudding, package mixes and beverage. More research on rice
functionality, physical and chemical properties is needed in order to meet the food industry’s
demand for low-fat, hypoallergenic and nutritious food ingredient. Colored rice was reported
to have a health-promoting potential due to its substantial antioxidant content which inhibits
the formation or reduces the concentrations of reactive cell-damaging free radicals [8, 9], thus
protecting the body tissue from oxidative damage [10].

Furthermore, the Rapid Viscosity Analysis (RVA) for pasting properties of flour play an
important role within amylose content for estimating the eating qualities, cooking and
processing quality of rice [11]. However, there is lack information on indigenous pigmented
rice properties grown in upper Northern Thailand, relating varieties to their best matching
applications. There are many pigmented varieties of rice grown in these areas which have not
been thoroughly investigated in which they might prove beneficial for functional food
ingredient. Thus, the purpose of this paper was to determine the physicochemical properties
of twelve varieties of the indigenous rice flour samples. The correlations of pasting behaviors



Functional Foods in Health and Disease 2016; 6(3): 133-143 Page 135 of 143

with phenolic compounds and starch digestibility of the rice flour with difference amylose
content and color of pigmented were investigated.

MATERIALS AND METHODS:

Rice material: Twelve varieties of rice grain with varying amylose content (low, medium
and high) and different pigmented, three from each of five bran colors, white (Tunyasirin;
TYSR, Hompangmapa; HPMP and Jaoloy; JL), brown (116 R-258, Langsawbaa; LSB and
Buepator; BPT), red (Dayuneanae; DYNN, Khowhoaw; KH and Dangmaejang; DMJ) and
purple (Khaokum; KK, URCN-2001 and Homlanna; HLN), were purchased from the
Maehongson Rice Research Center and Agricultural Technology Research Institute,
Rajamangala University of Technology Lanna . Lampang province, Thailand. The rice grains
were de-husked to polish rice by a laboratory rice mill (Satake, Australia) and further made
into rice flour by a cyclotec sample mill (Foss North America). Resistant starch assay kit
(Megazyme) was obtained from Megasyme International Ireland Ltd., IRELAND. Pepsin
(EC 3.4.23.1; 2,980 unit/mg), a- amylase (E.C. 3.2.1.1; Type VI-B from hog pancreas; 20.4
unit/mg) and amyloglucosidase (A-3042; 69.65 unit/mg, from aspergillus niger), Glucose
(GO) assay kit (GAGO-20) were purchased from Sigma Chemical Company, USA. All
chemicals used in the analysis of rice flour samples were of AR grade or equivalent.

Analysis of color value: The color value of the 12 rice flour samples were measured by a
colorimeter (Minolta, CM-3500, Japan) using the CIELAB system namely, L* (lightness),
+a* (redness), -a* (greenness), +b* (yellowness), and —b*(blueness). The colorimetric
measurements were performed three times for each sample.

Analysis of pasting behaviors: The pasting properties of the twelve rice flour samples were
determined with a rapid visco analyser (Newport Scientific, Australia). Rice flour (3 g on a
d.b.) was poured into distilled water (25 mL) in a canister and mixed thoroughly. The mixture
was stirred at 960 rpm for 10 second and then stirred at 160 rpm. The mixture temperature
was first maintained at 50°C for 1.5 min and then raised to 95°C at a rate of 12°C/min. After
that, the temperature was maintained at 95 °C for 2.5 min; this was followed by a cooling
down period to 50°C with a cooling rate of 12°C/min and was maintained at 50°C for 2.1
min. Each test was made in triplicate. A plot of pasting viscosity in an arbitrary RVA unit
(RVU) versus time was used to determine the peak viscosity, temperature at peak viscosity,
breakdown viscosity, final viscosity and setback viscosity [12].

Analysis of amylose content: The amylose content of the twelve rice flour samples was
measured using the procedure of Juliano [13] with minor modification. Rice flour (100 mg)
was mixed with 1 mL of 95% ethanol and 9 mL of 1.0 mol/L NaOH, and incubated at room
temperature overnight to gelatinize the starch. The samples were diluted to 100 mL with
distilled water. A 5 mL aliquot of this suspension was mixed with 1 mL glacial acetic acid (1
mol/L) and 1.5 mL iodine solution (0.2% iodine and 2% potassium iodide), and the volume
was adjusted to 100 mL with distilled water. The samples were incubated at room
temperature for 20 min, and then the absorbance at 620 nm was measured. The amylose
content of different accessions was obtained using a potato amylose standard curve [14].
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Analysis of total phenolic compounds: Total phenolic compounds of the twelve rice flour
samples were assayed using the Folin—Ciocalteau method [8]. Rice flour (1 g) of each variety
was extracted with 10 mL of a methanol for 30minat room temperature. The mixture was
centrifuged at 2500 g for 15 min and 100 pL of the supernatant was pipetted into test tube
and 3.9 mL of distilled water and 100 pL of Folin—Ciocalteau reagent were added. After 8
min incubation at room temperature, 2 mL of sodium carbonate solution (75 g/L) was added.
The mixture was incubated for 15 min at 50°C and cooled quickly in an ice-water bath. The
absorbance at 765 nm was read within 15 min by spectrophotometer. The standard curve was
made using 0, 50, 100, 150, 200, 250, 300 and 350 mg/ L of gallic acid. The obtained
regression equation was y = 0.002x, (R? = 0.999).

Analysis of resistant starch content: Resistant starch (RS) was determined using a
Megazyme Resistant Starch kit [15]. The samples were incubated in a shaking water bath
with pancreatic a-amylase and amyloglucosidase for 16 hr at 37°C to reduce digestible starch
to glucose. The reaction was terminated with 4 ml ethanol and the indigested RS Ill was
recovered by centrifugation (5000 g, 10 min). The supernatant was decanted and washed with
50% ethanol for two times (digested starch). The indigested RS 111 was solubilized in 2mL of
2 M KOH in an ice bath, neutralized with 8 ml sodium acetate (1.2 M) and the RS hydrolyzed
to glucose with of AMG (0.1 ml, 3300 UmI™, 50°C). The glucose oxidase/peroxidase reaction
was used to measure glucose released from the digested starch and resistant starch.
Absorbance was read (510 nm) after a 20 min incubation period at 50°C. Resistant starch and
digested starch were calculated as glucose x 0.9.

Analysis of estimated glycemic index: In vitro starch hydrolysis and estimate glycemic
index (EGI) were determined according to Goni et al. [16]. Each rice flour sample (50 mg,
db) was cooked in 5.0 mL of water for 30 min and incubated with 10 mL of pepsin solution
prepared in HCI-KCI buffer pH 1.5 at 40° C for 1 h in a shaking water bath. The volume of
the samples was made to 25 mL using Tris-Maleate buffer (pH 6.9). Reaction was started by
adding a-amylase (2.6 units in 5 mL of buffer pH 6.9) and the samples were incubated at
37°C in a shaking water bath. One mL of the sample aliquot was collected at intervals of 30
min for 3 h. The enzyme activity in these aliquots was inactivated by heating at 100°C for 5
min and refrigerated until the end of the incubation period. To these aliquots, 3 mL of 0.4 M
sodium acetate buffer (pH 4.75) and 60 puL amyloglucosidase were added to hydrolyze the
digested starch to glucose. The samples were incubated at 60 °C for 45 min. The glucose
content in each aliquot was estimated using glucose oxidase peroxidase kit. Glucose was
converted into starch by multiplying with 0.9. All the experiments were conducted with
triplicates in each analysis. The kinetics of starch digestion was estimated by non-linear first
order equation established as an equation:

AUC =C, (tf _to)_%(l_ek(tfto )

Where, C.. corresponds to the concentration at equilibrium (tigo). ts is the final time (180
min), to is the initial time (0O min), and Kk is the kinetic constant. A hydrolysis index (HI) was
calculated by comparison with the AUC of a reference food (white bread). The hydrolysis
index (HI) was calculated as the percentage of total glucose released from the samples as
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compared to that released from white bread (0-180 min). The estimated glycemic index of
the samples was estimated according to the equation: GI =(39.71 + 0.549)x HI [17].

Statistical analyses: All the analyses data were carried out in triplicate and expressed as
mean and standard deviation. Data were statistically analyzed by analysis of variance
(ANOVA) and significant differences of the means were separated by Duncan’s Multiple
Range test (p<0.05) procedure. The Pearson correlation analysis was performed.

RESULTS:

Color value; The results for the color value and appearance of the twelve rice flour
samples were given in Table 1 and Fig 1. The color parameters (L*, a* and b*) of the rice
flour samples were significant difference (p<0.05) among the twelve rice varieties. L* values,
which expressed the brightness, were in the range of 55.12-91.55. Whiteness was more
prominent in JL rice flour followed by HPMP and TYSR rice flour. The HLN, URCN
and KK rice flour exhibited much lower L*values due to the purple pigmented
external layers of the kernels that existed even after polishing and grinding. In addition, the
brown and red pigmented rice flour had L* value in the range of 88.92-89.12 and 86.88-
87.88, respectively. The values of a* and b* were in the range of -2.25- 4.28 and 0.14-7.64,
respectively. The positive a* values for redness were the highest for the DMJ rice flour
sample due to red-dish red colored external layers followed by KH, KK and DYNN,
respectively. Color appearances of the twelve rice flour samples can be clearly seen
in Fig 1. The color of each rice variety had low, medium and high amylase
content.

The differences in rice flour color are based on a color covering the outer layer of seed.
Thus, the brownish red rice is called red rice while the purplish is called black rice. This
pigment remains in the aleurone layer of rice seed, and it is recognized as the mix of
anthocyanin compounds [18].

Table 1. The color value and pasting properties” of the twelve rice flour samples
with different amylose content and pigmented rice varieties

Rice variety- Color value PT Pasting viscosity profile (RVU)

Bran color L a* b* (°C) PV TV BD FV SB

LTYSR-W™ 89528 225" 6.19° 6598" 263.19° 144.97% 118.22° 184.33" -78.44
2. HPMP- W 90.54° 0.48° 6.30" 73.07° 333.94° 185.72" 148.22° 316.80"° -17.14°
3.JL-W 91.55° 0.14° 586" 8847° 319.03° 24333 7569°  402.72° 83.70°
4.116R-B 89.12®  2.01° 7.37° 70.65° 33328 179.22° 154.06° 279.00° -53.92"
5.LSB-B 88.39° 1.69" 6.75° 91.40° 219.17° 105.25' 113.92° 186.33" -32.83°
6. BPT-B 88.92° 152"  7.14° 91.70" 196.44" 67.31%  14.24" 14500 12.08°
7. DYNN-R 87.18¢ 351° 7.64° 7257 189.14" 9633  92.80" 121.72'  -67.42f

8. KH-R 87.18¢ 380" 6.96%° 71.80" 230.36%® 120.927 1090.44% 15428 -76.08"
9. DMJ-R 86.88¢ 428° 628" 94.97° 142.19' 114509 27.699 222.19°  80.00°
10. KK-P 74.61f 354%  0.14% 93.17%® 238.94% 131.97° 102.9°  163.19° -71.66"

11.URCN-P 78.67° 3.18 0.35° 93.33" 149.86" 112.43" 39.83" 246.49°  96.83
12. HLN-P 55.129 155" 4.14° 80.35% 160587 115.36° 4522"  257.97°  97.39%

” Average of triplicate measurements of pasting properties by Rapid viscosity analyzer (RVA)
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“ Mean values in the same column with different letters were significantly different (p<0.05)
“ W= White, B= Brown, R= Red, and P= Purple

DYNN-R KH-R DMJ-R KK-P URCN-P HLN-P

Figure 1. Color appearances of twelve rice flour samples with different amylose
content and pigmented of various rice varieties

Pasting properties: The variety of pigmented rice types was clearly affected in the RVA
curves of the rice flour samples (Table 1 and Fig. 2). Pasting temperature (PT), peak viscosity
(PV), trough viscosity (TV), breakdown (BD), final viscosity (FV) and setback (SB) of the
rice flour samples were significantly different (p<0.05) among rice varieties. The pigmented
rice variety was evidently had higher PT than the non-pigmented rice flour samples. DMJ red
rice variety exhibited the highest PT (94.97°C) and the TYSR white waxy rice variety had the
lowest (65.98°C). The higher PT in the waxy pigmented rice flour (83.6°C) could
possibly due to greater resistant to loss of molecular arrangement on cooking [19].
Amylose content also influenced pasting temperature, high amylose content was associated
with high pasting temperature and low pasting temperature was prevalent in the variety with
lower amylose content. PV value of the waxy non pigmented rice varieties was higher than
that of the waxy pigmented rice varieties. However, waxy pigmented rice variety (BPT, KH
and KK) showed significantly higher PV. With the exception of TV value, the range of BD,
FV and SB values were noticeably higher in the high amylose pigmented than the waxy
rice varieties.
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Figure 2. A comparative viscosity curve of twelve rice flour samples with different
amylose content and pigmented rice flour as determine by Rapid viscosity
analyzer (RVA)
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Amylose content: Amylose content (AC) is important characteristic for predicting rice
cooking and processing behaviors. Amylose content among the three varieties of each
pigmented rice flour ranged from 1.20 to 28.90% (Table 2). The pigmented rice variety KK-P
showed the lowest amylose content (1.20%), while the highest amylose content was recorded
in variety JL-W (28.90%). In white color rice flour had the amylose content ranged from 5.62
to 28.90%. Most pigmented rice flour with brown, red and purple color had amylose
contained 5.73- 19.30%, 5.40 to 21.92% and 1.20 to 14.45 %, respectively. These values
were comparable to that found by Saikia et al. [20] reporting amylose content in pigmented
and non-pigmented aromatic rice ranged from 2.2 to 28.80%.

Table 2. Amylose content, total phenolic content, resistant starch and estimated glycemic
index of various pigmented rice flour samples”

Rice variety- Amylose Total  phenolic Resistant starch Estimated
Bran color Content content content glycemic
(%) (mg/100g GLA) (%) index
1. TYSR - b5.62+0.54"  40.40+2.18° 3.06+0.51° 83.59+5.38°
W
2.HPMP-W  13.19+1.14°  48.00+2.92¢ 3.97+0.67° 81.87+0.68%
3.JL-W 28.90+2.35°  67.17+4.17° 3.21+1.02° 78.9244.12°
4.116R -B 5.73+0.34 80.10+6.98° 3.27+0.28° 82.79+2.23%*
5.LSB-B 13.46+0.46°  30.20+4.22° 4.33+0.63° 81.14+3.51°
6. BPT-B 19.30+1.12*  67.26+2.23° 6.13+1.32° 73.72+2.68°
7. DYNN-R 5.40+0.13f 166.76+3.47° 3.20+1.18° 80.40+4.02"
8. KH-R 7.79+1.92°  105.3446.04° 3.61+0.42° 79.46+3.42°
9. DMJ- R 21.9242.15"  128.28+5.02" 5.50+1.18" 69.64+0.28%"
10. KK-P 1.20£0.84"  127.12+4.17° 5.63+0.42" 75.20+3.62¢
11. URCN-P 3.60+0.65° 228.21+3.87°  5.33+0.25° 73.83+1.92°
12. HLN-P 14.45+1.24° 238.43+6.34° 5.69+0.47% 68.5+0.284"

“Average of triplicate measurements.
™ Mean values in the same column with different letters are significantly different (p<0.05)
“ W= White, B= Brown, R= Red, and P= Purple

Total phenolic compounds: Total phenolic compounds (TPC) of the examined twelve
indigenous rice varieties were presented in Table 2. Significantly differences (p< 0.05) were
found within the difference color rice varieties, ranging from 40.40 to 248.43 mg /100 g
GAE, with TYSR-W (40.40 mg/100 g) rice flour having the lowest value while the highest
value was from HLN —P (238.43 mg/100 g). Purple rice flour samples had the highest
phenolic content in the range of 12.12 to 238.43 mg GAE/100g, followed by red rice flour
samples in the range of 166.76 to 128.28 mg GAE/100g. Goffman and Bergman [21]
reported the study on pigmented rice that has different phenolic contents. They
found that phenolic contents in the white, red and purple rice ranged from 25 to 246, 34 to
424, and 69 to 535 mg/ 100 g GAE, respectively. In addition, the results obtained by Wang
et al., [22], the highest to the lowest phenolic content were obtained in purple rice flour, red
rice flour, brown rice flour and white rice flour, respectively. The variation of total phenol
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content in different aromatic rice varieties might be affected by genotype, cultivation
techniques, ripening process and environmental variation [23].

Resistant starch content: The resistant starch content of the twelve colored rice flour from
indigenous rice varieties were summarized in Table 2. The resistant starch in BPT brown rice
flour with medium amylase level was the highest (6.13%) but not significant different (p>
0.05) from the three purple brown rice flour samples. The resistant starch contents in the
purple rice flour from KK, URCN and HLN varieties were ranged from 5.33 to 5.69%. The
pigmented rice varieties appeared to contain more resistant starch than the non-pigmented
rice varieties, a property that can be utilized in the formulation of foods for diabetes or
obesity patients. For the result of different amylose content among the 12 indigenous rice
varieties, was consistent with previous studies. The high-amylose rice cultivars were found to
be relatively high resistant starch in the previous papers of Miller et al. [24], Frei et al. [25]
and Alonso et al. [26]. Because of its compact linear structure, the high-amylose starch was
more resistant than amylopectin to starch digestion and more prone to form amylose-lipid
complexes, a property that could be utilized in the formulation of foods with high RS content
[27].

Estimated glycemic index: Estimated glycemic index (EGI) value of different color of rice
flour from twelve indigenous rice varieties were shown in Table 2. EGI value ranged from
68.53 to 83.59 with value relatively higher in white and brown rice flour with low amylose
content. EGI of white and brown rice flour ranged from 73.72 to 82.79 that could be
classified as high glycemic index food. While, purple color rice flour with high amylose
content (HLN variety) was shown to have the lowest EGI value (68.53) and followed by red
color rice flour (DMJ variety). Compared to other pigmented Thai rice flour, EGI of HLN
and DMJ rice flour was lower than that EGI reported for the Sangyod Phattthalung rice flour
of 77.1[28].

Correlation among indigenous rice flour properties traits: Correlation coefficients of
physicochemical properties with pasting temperature, final viscosity, and break down and
setback of various pigmented rice flour samples were presented in Table 3. The color L* had
significant and negative association with total phenolic compound (r = 0.686*) and not
significant positive correlation with resistant starch content, estimate glycemic index and
pasting behaviors. While, a* value had significant and positive association with total phenolic
compound (r = 0.625*), which had not significant and positive association with resistant
starch content (r = 0.509), pasting temperature (r = 0.243) and setback (r = 0.152). Amylose
content had the strongest positive correlations with peak time (r=0.774**) followed by tough
viscosity (r = 0.686%*), setback, peak viscosity, final viscosity and break drown, respectively.
In addition, total phenolic compound had significant negative correlation with estimate
glycemic index (r = -0.674*) and peak viscosity (r = -0.688*), positive correlation with
resistant starch content, pasting temperature and peak time, respectively. Resistant starch
content had negative correlations with estimate glycemic index (r = -0.846**) and positive
correlations with setback, peak time and pasting temperature. Estimate glycemic index was
observed to be inversely related to setback (r = -0.713**), peak time (r = -0.605*) and
pasting temperature. However, it was positively correlated to the peak viscosity and break
down.
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Table 3. Correlation among physicochemical properties and pasting behaviors of various
non-pigmented and pigmented rice flour samples

L* a* b* AMC TPC RS EGI
L* 1
a* -.135 1
b* 519 -.433 1
AMC 264 -.245 .389 1
TPC -.686* .625* -500 -286 1
RS -.465 .509 -515 .235 448 1
EGI 572 -.500 379 -318  -.674* -.846** 1
PV 490 -.550 342 485 -.688* -.241 425
TV 271 -.476 141 .686* -413  -.077 .039
BD 318 -.403 A71 162 -481  -.052 .360
FV .069 -.245 -021 .361 -109 -219 .039
SB -.307 152 -265 541 492 486 - 713**
PT -.147 .031 -121 774 111 551 -.605*
Pasting Temp -.011 243 -320 .393 205 350 -.457

* Correlation was significant at the 0.05 level (2-tailed).
**Correlation was significant at the 0.01 level (2-tailed).

CONCLUSION:

The results of this study could serve as baseline information for the consumer who a health
concern. White rice is the most-consumed rice but pigmented rice is also considered useful
for health in terms of taste, nutrients and anthocyanin content. Pigmented rice flour is a better
source of TPC and resistant starch content which in turn, provides low glycemic index. In
addition, this study provides the impact of pasting behavior — TPC- resistant starch of rice
flour relationships, which have important implication for utilization the indigenous rice flour
in food industry applications.
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