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HIGHLIGHTS
o Ready-to-eat flours, used without further processing, deliver raw starch to diet.
e Dry cassava flour had the best starch digestibility profile from all samples.
e Processing of the flours influences starch gelatinization degree and digestibility.

e Consumption of cassava flour can benefit nutritional quality of a meal.

Abstract: Slowly digestible starch (SDS) and resistant starch (RS) associate with health benefits when
present in the diet. This study aimed to evaluate ready-to-eat corn and cassava flours regarding their
commercial presentation (dry or flaked), composition and in vitro digestibility of starch. Sixteen samples
from Southern Brazil were procured in the market: eight dry cassava flours, six biju-type (flaked) corn flours
and two biju-type cassava flours. Dry cassava flours had higher L* and lower b* values, and higher RS,
relative crystallinity and viscosity peak values. Dry cassava flour partially preserves granular starch, as its
processing involves lower drying temperatures and lower moisture of the pressed pulp. Dry cassava flours
that had higher b* values also had higher rapidly digestible starch (RDS) levels, since higher temperatures
are required in their production. Both biju-type flours showed the highest RDS values and no RS due to
processing with elevated temperature and high moisture of the pressed pulp. In this study starch
digestibility from the flours depended on processing, with minor influence of the raw material, fiber content
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and granulometry. The whiter and the smaller the granulometry of the dry cassava flours, the better they
showed as potentially health benefiting.

Keywords: Englyst method; amylase from porcine gastric mucosa; resistant starch.

INTRODUCTION

Brazilians have peculiar everyday-meals that include rice and beans as the main energy sources.
Other low-cost foods are also present, including ready-to-eat (pre-cooked) flours from cassava or from
corn. The main animal protein sources are chicken, beef, pork, eggs and fish, sometimes consumed in
limited amounts by the lower income population.

In the present study, cassava and corn ready-to-eat flours were procured from the local market and
analyzed by selected physicochemical and instrumental methods to find out their potential health benefits
when consumed without additional cooking. Consuming those flours together with the daily meals is very
frequent throughout Brazil, both during the week as well as with special weekend-dishes (roasted beef,
barbecue). Differently from other countries that prefer barbecue with special sauces (ketchup, barbecue
sauce, mustard sauce, and others), in general, Brazilians prefer cassava or corn flours, which frequently
help to reduce the fatty aspect of the dish.

The processing of corn and cassava flours includes several steps that contribute to changes in
important physicochemical and sensory properties. The Brazilian corn flour differs from those of most
countries because it is a pre-cooked, flaked, ready-to-eat food. Its production involves wet milling corn
kernels, differing from the conventional dry milling that is standard for corn flour worldwide. In Brazil the
corn flour from dry milling is known as “Fuba” [1]. The wet milling of corn flour includes steeping of whole
corn kernel or of the corn endosperm in drinking water for one to two days followed by grinding and sieving
over a rotary hot plate oven. As starch gelatinizes, flakes are produced and the “Biju”-type corn flour [2] is
ready to be packed in one-kilogram (less frequently in half-kilogram) plastic bags. In the case of “Biju’-type
cassava flour, the process of drying and flaking the product is similar. The main difference is that cassava
roots have high moisture and after being grinded, the obtained pulp is pressed to eliminate the excess
water and then it is dried on the rotary hot plate oven (flaked). The aim of the present study was to
investigate potential health benefits of Brazilian precooked cassava and corn flours especially related to
their starch digestibility.

MATERIAL AND METHODS

Six samples of corn flour (BCO1-BCOG6, half of them from yellow and half from white corn) and ten
samples of cassava flour (CA1-CA8 and BCA1-BCA2) were procured in retail markets from two cities of
South Brazil (Ponta Grossa, PR and lItaidpolis, SC). Guar gum (Sigma-Aldrich, St. Louis, EUA), Porcine
pancreatic a-amylase (E.C. 3.2.1.1, Sigma-Aldrich, 8 x USP specifications, P7545), amyloglucosidase from
Aspergillus niger (E.C. 3.2.1.3, Sigma-Aldrich, 2260 U/mL, A7095) were used for the in vitro starch
digestibility analyses. For quantification of total starch contents, Total Starch Assay Kit (AA/AMG, K-TSTA)
and D-Glucose Assay Kit (GOPOD format, K-GLUC) were purchased from Megazyme International
(Wicklow, Ireland). All other chemicals were reagent grade and were used without further purification.

Proximal composition

The contents of moisture 934.01 method [3], protein 920.87 method, 6.25 factor [3], lipids
(Soxhlet/hexane) [4], ash 942.05 method [3], dietary fiber 985.29 [5], total starch 996.11 method [3] and
total carbohydrate (by difference) were determined for the flours.

Instrumental color

Color was evaluated by using a handheld MiniScan EZ 4500L spectrophotometer (Hunter Lab, USA)
with CIE L*, a* and b* system [6]. The Whiteness Index (WI) was calculated by the Equation 1 [7].

WI = [(100-L*2) + a*2 + b*2] 0.5 (1)
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Granulometry

Approximately 100 g of sample was passed through a sequence of sieves (1.19 mm; 0.841 mm; 0.595
mm; 0.420 mm; 0.250 mm; 0.105 mm and <0.105 mm) mounted on a mechanical vibrator (Bertel Industria
Metallrgica Ltda., Caieiras SP, Brazil). All separated fractions were weighed.

Pasting properties

Pasting properties were evaluated using a Rapid Visco Analyser (RVA-4, Newport Scientific, Australia).
The flours were weighed to produce an 8 % (w/w, dry basis) suspension in distilled water, totaling 28 g in
the RVA aluminium canister. The suspension was stabilized at 50 °C for one minute and then heated from
50 to 95 °C at 6 °C/min rate, kept under stirring cooking at 95 °C for 6 min, and then cooled to 50 °C at 6
°C/min rate. After one minute at 50 °C, the analysis was concluded [8].

Water and oil holding capacity (WHC / OHC)

Water and oil holding capacity followed the method described elsewhere [9], with little modifications.
Two grams of sample was mixed with 30 mL of water or vegetable oil in centrifuge tubes. Those
suspensions were mixed by 30 min and then centrifuged at 2,000 x g. The precipitate was weighed for
calculating WHC and OHC.

Differential Scanning Calorimetry (DSC)

The gelatinization temperature and enthalpy change of gelatinization were analyzed by using a TA Q-
200 DSC equipment (TA Instruments, New Castle DE, USA). Two milligrams (dry basis) of sample was
mixed with 8 pL of distilled water inside aluminium DSC pans. After one hour resting at room temperature
to equilibrate, the samples were exposed to heating (10 °C/min) from 30 - 100 °C, with air flow at 50
mL/min. The equipment was calibrated with Indium (melting point = 156.6 °C; AH=28.56 J/g). Endotherms
were generated with the corresponding gelatinization temperatures (To, Tp, Tc) and the enthalpy changes
(AH, J/g) were calculated [10].

X-ray powder diffraction

The crystallinity character of the starchy flours was studied by using the X-ray powder diffraction
technique. The diffractograms were collected in a Rigaku Ultima 1V equipment (Tokyo, Japan) with CuKa
radiation (A = 1.544 A) at 40 kV and 30 mA (10). The analysis was performed at 20 °C between 3-40 ° (28
angle) with continuous scanning. The relative crystallinity (RC) was calculated considering the relation
between peak area and total area [11].

Scanning Electron Microscopy (SEM)

The scanning electron microscopy was carried out with a Tescan — VEGA 3 (Brno-Kohoutovice, Czech
Republic), with 15kV voltage tension and selected magnification values (160x%; 1,000x; 3,500x% and 5,000x).
The samples were metalized with gold as described for starch samples [12].

In vitro starch digestibility

Starch digestibility of the flours was analyzed by the Englyst method [13]. The digestion of the corn and
cassava flours was based in the method described for starch in vitro digestibility. In 50 mL plastic tubes 900
mg of sample and 50 mg of guar gum was weighed, five ball glasses (5 mm diameter) were added together
with 20 mL of acetate buffer (0.1M pH 5.2). The tubes were put inside a water bath at 37 °C for 5 min for
temperature stabilization. After temperature equilibration, 5 mL of enzymatic solution (Porcine pancreatic a-
amylase and amyloglucosidase from Aspergillus niger) was added. After 20 min and 120 min of incubation
at 37 °C, 0.250 mL aliquots of the solution were collected (G20 and G120, respectively) and transferred to
tubes containing 10 mL of 66 % (v/v) ethanol to stop the enzymatic digestion. The tubes were centrifuged
at 1,000 x g for 5 min. A fraction from the supernatant was collected and used to measure glucose (TG) by
the GOPOD method. Total starch was determined as described above.

The values of G20, G120 and GT were used to calculate total starch (TS), RDS, SDS and RS as
follows:
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TS =(TG) x 0.9 )
RDS = (G20) x 0.9 3)
SDS = (G120 - G20) x 0.9 (4)
RS =TS - SDS — RDS or (TG - G120) x 0.9 (5)

Where: TS= Total starch; TG= Total glucose; RDS = Rapidly Digestible Starch; SDS = Slowly
Digestible Starch; RS = Resistant Starch.

Statistical Analysis

Statistical analysis was performed by the ANOVA (p < 0.05) followed by the Fisher LSD test. The
homogeneity of variance was checked by the Brown-Forsythe test (p > 0.05). The linear correlations among
variables were calculated and expressed as the Pearson correlation coefficients. Statistical analyses were
made by using the STATISTICA software version 13.2 (Tibco, Palo Alto CA, USA).

RESULTS

The proximate composition of the flours showed the higher contents of protein and lipids and lower
starch levels from corn flours when compared with cassava flours (Figure 1). This is explained by the
differences between the composition of the raw materials, corn kernels and cassava roots, respectively.

There is predominance of carbohydrates in all flours, mainly starch (85.1-95.8 %, d.b.). Dietary fiber
(DF) contents in the majority of the samples were roughly 5%, but in two corn flours no DF was found,
whilst in another 1.1%; one cassava flour also presented a low value (1.5%).

Color analysis

The color parameters (L*, a*, b*) of the flours are presented in the Table 1, including the whiteness
index.

Table 1. Color parameters of the flours and whiteness index.

Sample L* ax b* Whiteness index
CA1l 77.2 +2.0% 1.3+ 0.0 8.8 +0.44 75.5+1.8¢°
CA2 83.0 + 1.0%° 1.7+0.1 9.7+0.2 85.0 £ 0.4
CA3 88.7 £ 0.62 1.0 + 0.0 8.3+ 0.6% 81.0+1.1°
CA4 76.5 + 0.2¢ 5.3+0.0° 26.4 +0.1¢ 64.2 +0.2"
CA5 72.9+ 3.0 2.7+0.1 15.7 + 0.49 68.6 + 2.49
CA6 79.5 + 0.5¢ 3.4+0.2¢ 17.8+ 0.2 72.6 £ 0.5
CA7 85.1 + 0.4% 2.3+ 0.09 15.1+0.19 78.6 + 0.3%
CA8 85.2+1.3° 1.7 £ 0.0’ 125+ 0.1" 80.6 + 0.9
BCO1 83.3+1.4% 0.7+0.1 155+1.19 77.2+1.1%
BCO2 71.9 + 3.19 6.5+0.2° 40.3 + 0.6° 50.4 + 1.3
BCO3 69.6 = 3.2¢ 8.8+0.12 451 +1.18 44.9 +1.0%
BCO4 78.9 + 0.2¢ 5.3+£0.0° 38.6 £ 0.1° 55.7 + 0.1
BCO5 85.3+0.3" 0.2+0.0m 10.5 + 0.4 81.9+0.5°
BCO6 82.5+0.9° 1.2+ 0.0 15.1+0.49 76.9 + 0.4%
BCAl 76.9 + 1.3% 3.8+0.2¢ 19.7+ 1.7¢ 69.4+2.19
BCA2 73.3+ 1.3 2.1+0.1" 149+ 0.79 69.4 +1.49
p-Brown- 0.69 0.84 0.89 0.73
Forsythe**

p-Anova*** <0.0001 <0.0001 <0.0001 <0.0001

For dry cassava flours (CA1-CAS8), the L* value ranged 72.9 — 88.7 (CA5 and CA2, respectively).

Drying ovens operating at lower temperatures result in lighter color cassava flours [14], whereas drying
ovens with lower loads and higher temperatures will produce darker color cassava flours due to the more
intense Maillard reactions that take place. The cassava flours had whiteness index ranging from 64.2 to
85.0 and these values are directly related with the toasting degree as well as with other aspects like the
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efficiency of the peeling of the roots. Dark peels (gray to brown) from cassava roots if not completely
removed can be incorporated in the flour that acquires darker color.

When considering the b* value, which tends to yellow color, the corn flours (BCO2, BCO3 and BCO4)
had the higher values because the corn grains used as raw materials for their production were
yellow/orange in color. After those yellow corn flours, the yellower sample was MA4, which is classified as
toasted cassava flour due to an additional toasting step during its production.

In other Brazilian regions, especially in Northern, yellow dyes are used, and b * values much higher are
produced [15]. The flours from the present study were not stained and their color depended on the raw
material quality and on the adopted processing (drying /toasting).

Granulometry of the flours

As expected, the flaked flours (biju-type) had larger granulometric fractions (Figure 1). In the case of
cassava flours, granulometry variation was due to the adopted processing method. What most affect
granulometry are the screen openings used by the factories after the drying/toasting step. The same
producer can adjust the screens to segregate flours with different granulometry profiles, to be
commercialized in distinct markets. The cassava flours that were lighter in color have the smaller
granulometry. Lower temperatures of the ovens are associated with these whiter and finer flours with partial
preservation of the granular starch that was not completely gelatinized. There is no agglomeration of raw,
uncooked, granular starch accounting for the fine fraction.
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Figure 1. Granulometry distribution of the fractions.

In the case of flaked (biju-type) flours, no sifting is made after drying / toasting on the hot plate oven
and the flakes will break during the removal from the oven as well as during packaging. ldeally the flakes
should keep their shapes and sizes, without excessive breaking.

Pasting properties

The RVA analysis shows the cooking profile of the flours in excess water (8 %, w/w, d.b.). The starch
granules absorb water and swell resulting in a viscous polymeric solution. During cooling, polymers
rearrange and the viscosity increases. The pasting profiles of the flours are showed in the Figure 2.
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Figure 2. Pasting properties of the flours: (A) dry cassava (CAl - CA8), (B) flaked cassava (BCA1l and
BCA2) and (C) flaked corn (BCO1 - BCO®6).

Cooking profiles of the flaked corn flours were flat if compared with the other samples. In those flours
starch is expected to be almost completely gelatinized and that is why the viscosity peak is not as high as
in the other samples. Marked differences in the pasting properties of the starches from corn and cassava
are visible (Figure 2 A-C).

The dry cassava flours (CA1 -CA8) had higher viscosity peaks indicating the presence of starch
granules that will swell during cooking, increasing considerably the viscosity (Figure 2A). The sample CA4,
which was the darker color (lower whiteness index) cassava flour, had the lower viscosity peak, meaning
that it was toasted and had the highest degree of starch gelatinization.
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Water and Oil holding capacity (WHC / OHC)

Starch granules that were completely gelatinized suffer uncoil of double helices absorbing larger
amounts both of water and oil. There was a clear tendency showing that samples cooked/toasted in a more
severe way (biju-type samples) presented the highest WHC and OHC values, in the ranges 398 — 540 %
and 239 — 361 %, respectively. In the case of the dry cassava flours, those values ranged 303 — 504 % and
155 — 235 %, respectively.

Despite the flaked flours (biju-type) had larger granulometry profiles than the finer flours, they absorbed
superior amounts of water and oil. Therefore, in this study, starch gelatinization degree [16] and the
different levels of dietary fiber were more important than the surface/volume ratio of the flour particles for
WHC and OHC.

Differential Scanning Calorimetry (DSC)

The gelatinization temperatures (To, Ty, T¢, °C) and the enthalpy change of gelatinization (AH) of
starches present in the flours are showed in the Table 2. The DSC curves are also showed to help
understanding the differences among samples (Figure 3).

Table 2. DSC parameters for the cassava and corn flours.

Samples TO (°C) Tp (°C) Tc (°C) AH (J/g)
CAl 64.7 +0.1" 71.2 + 0.3 76.8 + 1.3f 3.7+0.4°
CA2 64.5 + 0.3" 70.1+0.1f 75.8 £0.49 3.4+£0.2°
CA3 65.4 £ 0.19 70.8 £ O 775+0.1¢ 5,5+0.12
CA4 68.1 £ 0.5°¢ 74.3+0.2% 82.9+ 0.4 2.3+0.2¢
CA5 67.2 + 0.3% 72.9 +0.19cP 78.6 + 0.2¢ 0.9 +0.19
CA6 69.6 + 0.42 75.0£0.12 79.7 £ 0.5°¢ 0.6 + 0.1
CA7 65.8 £ 0.29 72.1 + Q8 81.3+0.1° 1.7+0.2¢
CA8 67.1 + 0.0% 71.9 + 0.1fedc 78.5+0.2¢ 3.6 0.1
BCO1 67.9+0.1° 75.0£0.12 82.7 £ 0.42 0.9 +0.19
BCO2 68.6 + 0.1° 75.1+0? 83.3+0.12 1.0 £ 0.1
BCO3 62.9 + 0.0' 67.6 £ 0.29 74.8 +0.6" 0.7 £ 0.0M
BCO4 66.9 £0.3° 71.9 + 2.1fede 80.8 +0.3° 1.0 £0.19
BCO5 67.4 + 0.64 70.3 £ 4.2% 80.7 £ 0.6° 0.9 +0.19
BCO6 66.4 +0.1f 73.5+ 0.1 80.9+0.1° 1.0+ 0.1f
BCAl 65.7 £ 0.09 67.9 £ 0.09 73.0+£0.0' 0.3+0.0
BCA2 62.2 + 0.0 71.0 + 0.0™ 78.9 + 0.2¢ 0.5 +0.0"
p-Brown-Forsythe**  0.44 0.12 0.66 0.23
p-Anova*** <0.0001 <0.0001 <0.0001 <0.0001

The energy involved in starch gelatinization is represented by the AH, which is calculated from the
DSC endotherms. The more cooked/toasted the flour, the more gelatinized is its starch fraction and less
energy is needed for completing the process. Therefore, in the present study the AH values represent the
degree of starch gelatinization in the flours.

In the present study, the flaked flours (biju-type) had the smallest AH values when compared with
those lighter in color and with lower granulometry profile, which showed larger AH values. This last flours
still have some amount of raw or partially gelatinized starch granules due to the processing conditions
mainly during the drying/toasting step. Raw starch is one of the types of resistant starch [17].

The flaked flours had, in most cases, higher values of gelatinization temperatures (To, Tp and T¢).
When starch is heated in excess water its less-stable crystallites will melt whereas the most stable
crystallites that remain need more energy and higher transition temperatures are also expected [18].
Another consequence of the disruption of starch crystallites is that amorphous region will increase,
facilitating water absorption for longer period, resulting in higher values for the transition temperatures (To,
Tp and Te).
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The BCA1 sample did not present a detectable endotherm meaning that starch seems to be completely
gelatinized. Our DSC results were consistent when analyzed together with our other data, mainly the
powder X-ray diffraction (Figure 3).
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Figure 3. DSC endotherms (left) and X-ray diffractograms/relative crystallinity (right) from cassava and corn
flours.

Powder X-Ray diffractometry

The relative crystallinity (RC) calculated from the X-ray diffraction peaks of the flours differed among
samples (Figure 3). Some flours presented typical diffractograms showing the native cassava starch
presence, whereas others did not show any crystallinity (absence of peaks).

The cassava flours that had the highest RC values showed the A-type diffraction pattern, with the most
prominent peaks at 15, 17, 18 and 23° (26 angle), typical of cassava starch [19,20]. Flours CA3, CA2, CA7,
CAl and CAS8 had the sharpest peaks, i.e., the highest RC values, ranging from 34.4% to 27.9%. These
values are in line with those reported for cassava raw starch [20].

The cassava flours CA4 and CA5 had less visible peaks and RC values 26.8% and 25.9%,
respectively. The flaked cassava flours (BCA1l and BCA2) showed very small peaks meaning that almost
no raw starch remained due to the high degree of gelatinization (DG); the RC values of those flours were
12.0% and 9.7%, respectively. When comparing our results with a study that dried cassava starch by
spray-drying and by extrusion [20], a similar behavior of the RC values is observed: 35.6 %, 26.5% and 0%,
for the native (raw), spray-dried and extruded cassava starch, respectively.

All corn flours from our study were flaked (biju-type), therefore have passed through cooking conditions
that favored complete gelatinization of the starch. These results are in line with previous reported ones for
cooking tests of corn starch at different temperatures [21]. The typical peaks at 15, 17, 18 and 23 ° (26
angle) of corn starch (A-type) were not present due to starch gelatinization. There was a tiny peak at 20°
(26 angle) in the sample BCO2, which can be attributed to the amylose-lipid complex. This was the corn
flour with the highest lipid content (4.1%) followed by the sample BCO1 (2.7%), whereas the other corn
flours had low lipid levels (0.17% to 1.15%). The amylose-lipid complex hinders starch digestion, being
termed as resistant starch type “V”.
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Scanning Electron Microscopy (SEM)

The cassava starch showed predominantly round-shaped granules concave-convex with few
depressions (Figure 4). The cassava flour CA3 has raw and partially gelatinized starch granules, which are
evidenced by the shrunken aspect of some granules that have swollen during cooking and then shrivelled
during cooling. This behavior was also reported in another study that spray-dried cassava starch [22].
Following a similar trend, the flours CAl, CA2 and CA8 also had raw and gelatinized granules. These
samples had considerable amounts of RS.

One of the cassava flours (CA6) with small granulometry had a distinct behavior when compared with
the others. The referred sample had some gelatinized fractions blended with raw starch. Its RS content was
lower than those of other samples, but it had higher SDS level.

Contrasting with the other cassava flours, the sample BCAL had only a homogeneous appearance as if
a gel has been formed and dehydrated with complete disintegration of the starch granular structure. This
sample had the highest RDS value and absence of RS.

In general, the dry cassava flours (CA1 -CA8) presented starch granules with more intact structures
when compared with those from the flaked flours (BCO1 - BCO6, and BCAL - BCA2), which showed melted
structures due to the gelatinization. Differences in the processes of production of the flours are responsible
for the DG of starch. These differences involve moisture contents of the grated cassava pulp and of the
grinded corn endosperm as well as the temperature of the drying surface of the oven and the time of
contact with the hot plate necessary to produce the desired color of the flours.

Cassava flour is produced from grated and pressed (manual or hydraulic pressing) cassava pulp, whilst
corn flour production involves corn kernel or corn endosperm steeping in pot water for 24-48 h followed by
grinding and sieving. After that, the moist material is poured onto a hot plate oven and due to the relative
high moisture level starch gelatinizes and flaking takes place.
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Figure 4. SEM micro images of the flours (dry cassava — CA1-CA8, flaked cassava - BCA1 — BCAG6 and flaked corn —
BCO1 — BCO2); from left to right: magnifications of 0.1, 1.0, 3.5 and 5.0 kx

In vitro starch digestibility

The results of the in vitro starch digestibility from the flours show the values of RDS, SDS and RS
(Figure 5).
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Figure 5. In vitro starch digestibility of the cassava and corn flours.

RDS values and the percentage of coarser particles of the flours (>1.190 mm) were correlated (r =
0.80, p<0.05). This material with the larger granulometry was present only in the flaked flours (biju-type),
i.e., BCO1-BCO6 and BCA1-BCAZ2 that were the samples that had the highest RDS values.

The smaller the granulometry of a substrate, like flour, the higher the surface/volume ratio, therefore
favorable conditions for higher enzymatic hydrolysis rates would be expected [23,24]. Our results, however,
showed a distinguished behavior.

If we have analyzed the same flours with different degrees of grinding and sieving, the expected values
should be found. In our study, however, we were interested in testing the flours “as were” for
marketing/consumption to understand the effect of the different processing conditions.

The flaked flours, with bigger particles, also had the lowest values for RC, AH and RVA-viscosity peak.
Pearson correlation coefficients between these variables and RS were significant (r = 0.93, 0.90 and 0.64,
between RS and RC, RS and AH, and RS and RVA-viscosity peak, respectively). Starch digestibility is
deeply influenced by the starch structure, with a central role of the double helices of the crystalline domains
of the raw, uncooked granules. When starch is cooked with excess water, gelatinization is promoted with
uncoiling and opening of the tight ordered structure of the granules facilitating the action of amylases [25].

Other of our results (XRD, DSC and RVA) also have showed that the RS values were higher in the
samples containing granular starch, visible in the SEM images, whereas those samples with melted starch
structures presented the lower RS values. Consequently, the flours with higher DG (observed by DSC,
SEM, XRD) had the highest percentages of RDS. This was the case of the two samples of flaked cassava
flours (BCA1 and BCA2), which showed completely melted aspect under SEM. The samples with
intermediary behavior presented the highest percentages of SDS.

Interestingly, the flours with very fine granulometric fractions (<0.250 mm) had the highest contents of
granular starch and the percentage of particles correlated positively with the RS levels (r = 0.87, p<0.05).

Rapid digestion in the present study was associated with flours that had the lower RC values
associated with flat X-ray diffractograms and the lowest values of AH; these flours also presented high
WHC and their starch granules were partially melted forming agglomerated structures (SEM images).
These results are in line with the literature [20,22,25].

Our study showed that the flaked flours had high digestibility (>RDS) whereas the dry cassava flours
had a slower digestion process. The production of those two types of flour differs, and for the flaked flour,
the moisture values of the grinded raw materials (cassava or corn) are higher and the drying/toasting
temperatures are also higher if compared with the dry flours.
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Considering the results for instrumental color (b* value), no direct relation was found with the levels of
RDS. The two dry cassava flours with the lowest RS contents (CA6 and CA5) were placed in the second
and third positions in terms of b* values. The yellower color of those samples is probably due to the more
severe toasting that gelatinizes and may promote partial starch dextrinization resulting in lower RS contents
[26].

One exception was the sample CA4, which had the highest b* value but did not follow the above-
described trend. In this case, a high RS value was associated with the yellow color (b*). This can be
explained by the color of the raw material pulp as well as some difference in the processing that could
result in coarser and denser particles that did not dissolve easily during the analysis procedures adopted in
this study. Considering that CA4 had the highest dietary fiber content (5.6 %) from all flours, some
contamination with cassava root external peel could have also happened during its processing.

A slower digestibility trend was detected for the flours that presented the highest moisture levels
suggesting again the effect of drying conditions in this relevant nutritional parameter. As mentioned above,
peeled cassava roots are grated, pressed and dried/toasted; the bigger the granulometry after grating, the
most difficult, time-demanding is the drying step and possibly more water remains in the material that cooks
on the oven hot surface with starch gelatinization. The Brazilian cassava flour is processed in a particular
way, resembling the African Gari processing [27], except for the fermentation step that is absent for the
type of flours from the present study (from Southern region of Brazil). This cassava flour processing differs
from another process previously described elsewhere [28].

Excessive water removal during the pressing step generates more liquid residues (effluent) as well as
reduction of the final yield; if the pressing step is controlled less water will be removed and the final
moisture of the toasted flours can be higher. Also, the presence of higher moisture levels when the grated
cassava pulp arrives to the oven favors starch gelatinization [29].

Therefore, darker cassava flours with higher moisture contents, generally have a faster starch digestion
than lighter color ones that also have lower moisture values due to the moisture level when the material
was taken to the oven and also the oven temperatures.

The sample CA5 was very similar to another one (CA6) when considering their dietary fiber content,
RC and chemical composition. CA5, however, had the highest SDS from all samples, differently from CAG.
The only distinction between them was the RVA-viscosity that was pretty higher for CA5; more viscous
media will difficult a-amylase mobility and will slow digestion [30]. There was also a difference between the
granulometry profile of those two samples, CA6 coarser and CA5 finer.

Briefly, the flours that had more gelatinized starch and smaller granulometry gave higher SDS
percentages, which is could be related with their higher viscosity. When comparing those samples with a
flour in which starch gelatinization was not so severe, they will have lower RS content.

The CA2 had one of the smallest SDS contents and an intermediary value for RS. A possible
explanation is that part of the flour would be gelatinized but some starch granules would not. This particular
flour presented small particle size and we were expecting that it would present a low RDS percentage, but
this was not the case; this shows that both microscopic and macroscopic properties must be taken into
consideration when analyzing starch digestibility in this type of flour.

When considering the corn flours from the present study, they were all flaked (biju-type) and the results
divided them into two groups: those with some amount of RS (BCO1 and BCO2) and the others, without
any RS. SEM images (up to 5000x magnification) show raw starch granules. Those two samples were the
only ones with higher moisture levels among the studied corn flours, suggesting that the drying step was
shorter/milder favoring the maintenance of some amount of uncooked starch granules and consequently
some amount of RS was found. Besides that, the RC values were higher confirming their lower DG of
starch.

The sample BCO2 had the highest contents of ash and lipids, indicative of the presence of germ and
pericarp. This could increase the presence of inaccessible starch occluded in the cell walls of the corn
kernel as well as amylose-lipid complex that would also difficult the enzymatic digestion. Taking a look at
the XRD analysis (BCO2), there was a slight peak at 20.0 (20), which is associated with the amylose-lipid
complex (RS-V).

Four groups of flours were found when looking at the results. The first group includes the flours with
high DG, as confirmed by SEM images and that have the highest values for RDS. The second group of
flours had partial starch gelatinization with blend of gelatinized and raw granules (SEM images at 3500%),
producing inaccessible areas that limited digestion to some extent (CA3 and CA1l). Those flours had a
slower digestion and higher RS contents. The third group comprises intermediary DG, in which the starch
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granules would not be inaccessible but adhered to the surface of melted fractions, in samples with high RS
and low SDS levels (CA2). The fourth group are flours with a combination of the granulometry and DG that
favored the content of SDS.

The percentages of RS showed a strong relation with the amounts of raw starch present in the
samples. Our results showed a large quality variability of the flours available in the market of Southern
Brazil. In other Brazilian regions this quality heterogeneity was also reported [15,31].

Few studies are available to show the quality variability of ready-to-eat flours from South Brazil as well
as how cassava and corn flours are different. Great variability in terms of structural, physicochemical and
digestion properties was showed by the present study.

CONCLUSION

This study of ready-to-eat cassava and corn flours showed that SEM images give relevant information
upon starch digestibility.

Aside from granulometry, dietary fiber contents and type of raw material, the producing processes
deeply interfere on the nutritional quality of ready-to-eat flours resulting in higher or lower degree of starch
gelatinization that exerts great influence in the starch digestibility.

The cassava flours with light color presented slower starch digestibility when compared with those
darker in color and also had higher moisture levels due to lower drying temperatures or milder conditions of
drying (time and temperature, moisture at the beginning of drying step).

The consumption of cassava flour as side dish, i.e., without further cooking in water, mainly those types
described in the present study as containing higher levels of SDS and RS can represent a complimentary
source of those beneficial starch fractions that together with other healthy life habits can represent an
additional help to improving the consumer's quality of life.
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