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Abstract 13 

Extrusion is an increasingly used type of processing which combined with enzymatic action 14 

could open extended possibilities for obtaining clean label modified flours. In this study, 15 

native and extruded maize flours were modified using branching enzyme (B) and a 16 

combination of branching enzyme and maltogenic α-amylase (BMA) in order to modulate 17 

their hydrolysis properties. The microstructure, pasting properties, in vitro starch hydrolysis 18 

and resistant starch content of the flours were investigated. Whereas BMA treatment led to 19 

greater number of holes on the granule surface in native samples, B and BMA extruded 20 

samples showed rougher surfaces with cavities. A reduction in the retrogradation trend was 21 

observed for B and BMA native flours, in opposition to the flat pasting profile of their 22 

extruded counterparts. The glucose release increased gradually for native flours as the time 23 

of reaction did, whereas for extruded flours a fast increase of glucose release was observed 24 

during the first minutes of reaction, and kept till the end, indicating a greater accessibility to 25 

their porous structure. These results suggested that, in enzymatically treated extruded 26 
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samples, changes produced at larger hierarchical levels in their starch structure could have 27 

masked a slowdown in the starch digestion properties. 28 

Keywords: Extrusion; enzymatic treatment; starch hydrolysis 29 

 30 

1 Introduction 31 

Extrusion process is a hydrothermal treatment in which starchy products are subjected to 32 

high temperatures and mechanical shearing at short times and relatively low levels of 33 

moisture content [1]. Besides starch gelatinization, this treatment can also promote the 34 

breakage of the amylose and amylopectin chains (dextrinization), denaturation of proteins, 35 

enzyme (in)activation and Maillard reactions [2]. The extent of these changes is dependent 36 

on the severity of the extrusion and give rise to different physicochemical characteristics of 37 

the resultant product [1,3,4].  38 

Extrusion is widely used in snack and breakfast cereal productions, in which flour based 39 

products are extruded with the aim of obtaining the final product in one simple continuous 40 

process [5]. Meanwhile, flours and starches are also extruded to gelatinize, melt and 41 

fragment their starch so as to adapt its rheological and hydration properties to the emerging 42 

needs imposed by the new food trends [6]. However, during extrusion, the disruption of the 43 

starch granules (gelatinization) also makes starch more accessible and susceptible towards 44 

enzymatic hydrolysis leading to a more rapid conversion of starch into glucose [3,4], which 45 

make these extruded products being rapidly digested and absorbed by our digestive system. 46 

According to recent studies, the long-term consumption of fast digestible products may 47 

contribute to promote human diseases such as type II diabetes, cardiovascular disease and 48 

obesity [7]. 49 

While those diseases have become major public health concerns worldwide, new enzymatic 50 

treatments have emerged in order to obtain healthier carbohydrates through the applications 51 

of different enzymes and techniques. Among these, branching enzyme (B) and maltogenic 52 
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α-amylases (MA) have been used to slow down the digestion of starches. Branching 53 

enzyme (EC 2.4.1.18) catalyzes hydrolytic and transfer reactions to form new α-1,6 54 

linkages [8]. Meanwhile, maltogenic α-amylase (EC 3.2.1.133) hydrolyze α-1,4-glucosidic 55 

linkages of starch and its derivatives to maltose reducing the chain length of the polymer 56 

[9]. MA also exhibits high transglycosylation activity via formation of various glycosidic 57 

linkages such as α-1,6 producing branched oligosaccharides [10]. In this way, the 58 

combination of  branching followed by posterior trimming through a starch-active exo-59 

hydrolase, such as β-amylase or maltogenic α-amylase, has been attempted to change the 60 

amylopectin fine structure to create resistant structures that slow down the starch digestion 61 

properties in native and cooked matrices. These changes mainly comprise increasing the 62 

ratio of short chains (degree of polymerisation, DP<13) to long chains of amylopectin and 63 

the relative amount of α,1-6 linkages [8,9,11]. Additionally, the formation of prebiotic 64 

isomaltooligosacharides has been also reported [8,12].  65 

It is important to consider that native starch is only partially accessible for the enzyme 66 

catalysis, being necessary to promote previously the damage or breakage of the starch 67 

granules [13]. Therefore, whereas those previous treatments were carried out on starches, 68 

research on flours subjected to extrusion process is scarce. This treatment can be influenced 69 

by the interactions between starch and other non-starch components giving rise to different 70 

physicochemical properties than those of starch. 71 

Even though Martínez et al. [12] reported the formation of molecular and supramolecular 72 

resistant structures in extruded flours, the effect of those structures on the functional 73 

properties of flours, including their in vitro hydrolysis, has never been studied. Then, the 74 

objective of the current study was to investigate the impact of treatment with branching 75 

enzyme or a combination of branching enzyme and maltogenic α-amylase on the functional 76 

properties of native and extruded flours. With that goal, the in vitro starch digestion of these 77 

flours, the microstructure, pasting properties and resistant starch content were assessed. 78 
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2 Materials and Methods 79 

2.1 Materials 80 

Native maize flours (11.95 g/100 g moisture; 7.6 g/100 g protein) were supplied by 81 

Molendum Ingredients (Zamora, Spain). Extrusion of maize flour was carried out by 82 

Molendum Ingredients in a single screw extruder Bühler Basf (Bühler S.A., Uzwil, 83 

Switzerland). The length to diameter ratio for the extruder was 20:1. The extrusion 84 

conditions were carried out in order to ensure starch gelatinization (not detected 85 

gelatinization endotherm). Maize flour was extruded at a maximum barrel temperature of 86 

160 ºC with further water addition of 12%, a feed rate of 500 kg/h and a screw speed of 453 87 

rpm. Extruded product (7.1 g/100 g protein) was dried by convection air up to 9.32% of 88 

moisture content and then milled with a compression roller till particle size was lower than 89 

200 microns. The extruded flour resulted after milling had a mean particle size of 99.37 μm. 90 

Branching enzyme EC 2.4.1.18 (Branchzyme®; declared activity: 5000 BEU/g product) 91 

and maltogenic α-amylase EC 3.2.1.133 (Amylase™ AG 300 L; declared activity: 10000 92 

MANU/g product), both from Bacillus subtilis, were gently provided by Novozymes 93 

(Bagsvaerd, Denmark).  Chemical reagents from Sigma–Aldrich (Madrid, Spain) were of 94 

analytical grade. 95 

2.2 Methods 96 

2.2.1 Enzymatic treatment of flours 97 

Enzymatic treatment was carried out according to Martínez et al. [12]. Briefly, native or 98 

extruded maize flours (6.0 g) were suspended into 30 mL of sodium acetate buffer (0.01 M, 99 

pH 5.0). The incubation was carried out with 300 U of B/g flour (B treatment) and a 100 

combination of 300 U of B and 7 U of MA/g flour (BMA treatment). The incubation was 101 

performed at 55 ºC for 2.5 h in a water bath. Then, 60 mL of an ethanol solution (96%, 102 

w/w) was added prior homogenization with an UltraTurrax homogenizer IKA-T25 (IKA 103 

works, Wilmington, USA) during one min at 13,000 rpm. Subsequently, samples were 104 
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centrifuged for 10 min at 4000rpm. Flours were washed again and centrifuged at the same 105 

conditions as before. Sediments were dried at 45ºC for 48 h and milled for 20 s in a 106 

Moulinex super junior S (Groupe Seb Iberica, S.A, Barcelona, Spain). Flours were stored in 107 

airtight plastic containers perfectly sealed at 4 °C for further analysis. All treatments were 108 

made in duplicate. Non-treated native and extruded samples as well as native and extruded 109 

samples treated in the absence of enzyme were used as references in order to assess possible 110 

effect of the incubation and subsequent treatment. 111 

2.2.2 Environmental scanning electron microscopy (ESEM) 112 

Flour photomicrographs were taken with a Quanta 200FEI (Hillsboro, Oregon, USA) 113 

ESEM. Photomicrographs were taken in beam deceleration mode (BDM) at a landing 114 

energy of 1.5 KeV in high vacuum mode with a backscattered electron detector (BSED).  115 

2.2.3 Pasting properties  116 

Pasting properties of flours were analyzed using the standard method AACC [14], (AACC 117 

61-02.01) with a Rapid Visco Analyser (RVA-4) (Perten Instruments, Hägersten, Sweden) 118 

controlled by Thermocline software (Perten Instruments, Hägersten, Sweden) for Windows. 119 

All flours were run in duplicate. 120 

2.2.4 In vitro starch hydrolysis 121 

In vitro starch digestibility was measured following the method described by Dura et al. 122 

[15] with slight modifications. Briefly, flour sample (0.1 g) was incubated with porcine 123 

pancreatic α-amylase (0.2 U/mL) (Type VI-B, ≥10 units/mg solid, Sigma Chemical, St. 124 

Louis, USA) in 10 mL of 0.1 M sodium maleate buffer (pH 6.9) in a shaking water bath at 125 

37 °C. Aliquots of 200 μL were withdrawn during the incubation period and mixed with 126 

200 μL of ethanol (96%, w/w) to stop the enzymatic reaction and the sample was 127 

centrifuged at 10,000 × g for 5 min at 4 °C. The precipitate was washed twice with 50% 128 

ethanol (200 μL) and the supernatants were pooled together and kept at 4 °C for further 129 

glucose enzymatic release. 130 
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Resistant starch after 16 h hydrolysis was solubilized with 2 mL of 2 M KOH using a 156 

Polytron Ultra-Turrax homogenizer IKA-T18 (IKA Works, Wilmington, NC, USA) during 157 

1 min at speed 3. The homogenate was diluted with 8 mL 1.2 M sodium acetate pH 3.8 and 158 

incubated with 100 μL amyloglucosidase (3480 U/mL) at 50 °C for 30 min in a shaking 159 

water bath and then centrifuged (2000 x g for 10 min, 4ºC). The glucose content of the 160 

resistant starch was measured using a glucose oxidase–peroxidase kit as described before 161 

and expressed in mg/100 mg of the sample in dry basis. Four replicates were carried out for 162 

each determination.  163 

2.2.6 Statistical analysis 164 

The obtained data were subjected to a one-way analysis of variance (ANOVA) using the 165 

LSD Fisher test (P<0.05). All analyses were performed with Statgraphics Centurion XVI 166 

software (StatPoint Technologies Inc., Warrenton, USA). 167 

3 Results and Discussion 168 

3.1 Microstructure of the flours 169 

The effect of the enzymatic treatment on native and extruded flours is depicted in Fig. 1A 170 

and 1B. At low magnification (Fig. 1A), photomicrographs of non-treated native sample (a) 171 

showed tight aggregates of starch granules embedded into the protein matrix with some 172 

loose granules, whereas when subjected to the incubation in the presence or the absence of 173 

enzyme (c, e, g), this fully packed structure was no longer visible. In these samples, the 174 

starch granules appeared completely loose with some proteins bonded to them, but they 175 

kept the typical spherical and polygonal shape of maize granules [18]. 176 

At high magnification (Fig. 1B), these loose granules presented a smooth surface in non-177 

enzymatically treated sample (c), where no holes were visible, neither for the native flour 178 

(a). Meanwhile, the two enzymatically treated native flours (e, g) showed changes in their 179 

surface, with several holes presented on it (See arrows). Very perforated granules were 180 
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obtained in the BMA treatment compared with the B one, suggesting a synergetic action 181 

between both enzymes or a main action of maltogenic α-amylase on native starch. 182 

At low magnification (Fig. 1A), photomicrographs of extruded samples exhibited the 183 

typical structure of pregelatinized flours in which the starch structure was lost and 184 

manifested by irregularly shaped or sized and nearly amorphous agglomerates [18,19]. 185 

Nevertheless, some rounded swollen starch granules were still visible in this broken 186 

structure. Despite the presence of those remained granules, gelatinization was complete, as 187 

shown in the previous study carried out by Martínez et al. [12], where these flours did not 188 

present endothermic gelatinization peak in DSC measurements. Thus, the presence of those 189 

swollen starch granules may be explained by the fact that during gelling, which follows 190 

gelatinization step, the amylose leaching and disintegration of the starch granules is not 191 

entire. In this way, Shrestha et al. [20] also observed some small intact granules in extruded 192 

starches, indicating that not all granules are destroyed during extrusion cooking and some 193 

remain apparently intact, ‘hidden’ within the sheared starchy mass. 194 

At this magnification, only a clear coarser particle size of non-incubated extruded flour was 195 

visible (b). Finer particle size of the treated flours could be a result of the incubation 196 

treatment in which the water may act softening the flour structures and leading to more 197 

breakable structures during remilling. Meanwhile, at high magnification (Fig. 1B), for BMA 198 

and B treatments (f, h) it was observed that the surface of the granules seemed rougher with 199 

cavities or channels on it (See circles), which could indicate the access points of the enzyme 200 

into the starch matrix.  201 

3.2 Pasting properties 202 

Pasting profile of native and extruded flours is displayed in Fig. 2. Native treated flours (no 203 

enzyme, B and BMA) showed an increase in the peak viscosity when compared to the non-204 

treated native flour. Furthermore, a shorter time for reaching peak viscosity was observed in 205 

the enzymatically treated flours. The different pasting performance might be explained by 206 
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differences in starch accessibility or particle size [21]. In fact, as microscopy results 207 

showed, treated flours presented a disaggregated structure of loose granules, which could 208 

have fostered water absorption, reaching the peak viscosity earlier. This greater accessibility 209 

may have also contributed to the increase in the peak viscosity, since starch granules are not 210 

physically restricted by the protein bodies and can swell more. Whilst in non-treated native 211 

flour the tight aggregated structure of starch granules could have hampered water 212 

absorption and diffusion as well as restricted granular swelling. Furthermore, the higher 213 

peak viscosity observed in treated flours can also be attributed to modest molecular 214 

rearrangements produced in the starch granules when held in an excess of water at 215 

temperatures above the glass transition (Tg) but below gelatinization (annealing) [22]. In 216 

fact, Martínez et al. [12] found that these treated native flours showed an increase in the 217 

gelatinization onset measured by DSC. In this way, annealing could take place during 218 

treatment (incubation step) of these flours facilitating the interactions between starch chains 219 

in the amorphous and crystalline regions which acquired a more stable conformation [23]. 220 

Those changes would have allowed the intake of more water inside the granule without 221 

breaking it, increasing the value of the peak viscosity. In accordance to these results, 222 

Martínez et al. [4] also found a similar pasting profile when flours were subjected to mild 223 

extrusion conditions insufficient to induce gelatinization of the flour. Non-enzymatically 224 

treated native sample exhibited the highest peak viscosity and a reduced setback (increase in 225 

viscosity during cooling or retrogradation) compared with the native sample. Enzymatically 226 

treated (B and BMA) flours showed lower viscosity along the pasting performance and 227 

lower setback. The decrease in setback value of treated samples was probably caused by 228 

additional interactions between amylose and lipids to form complexes during annealing 229 

conditions, which can limit retrogradation in such a way those amylose molecules are no 230 

longer available to form double helical structures and retrograde [24]. In fact, Martínez et 231 

al. [12] confirmed by X-Ray Diffraction the presence of a slight sharpening of the peak 232 
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around 20º, which is related to the formation of V-type complexes (amylose-lipid 233 

complexes), in enzymatically treated flours. Furthermore, taking into account the reduction 234 

in the retrogradation trend of B and BMA native flours, it is noteworthy to state that B 235 

create products with higher number of branch points that are less prone to short and long 236 

term retrogradation [25]. Despite differences encountered in the microstructure appearance 237 

of B and BMA flours, practically no differences were shown between their pasting 238 

behaviour. This may suggest that changes not only took place on the surface but also in the 239 

internal structure. Similar results were found by Dura et al. [15] when treating maize starch 240 

with α-amylase, indicating that this enzyme exerted its major action in the inner core and 241 

only small holes in the surface were necessary for entering. Even though previous results 242 

showed a low susceptibility of native maize flours to the B or BMA catalysis [12], that 243 

small accessibility was enough to promote some changes on pasting profiles of the flours. 244 

Pasting profile of extruded flour agreed with mentioned microscopy results, confirming 245 

complete starch gelatinization, since no peak viscosity was observed when heating. Instead, 246 

an initial peak before heating was displayed, which is in accordance with the great water 247 

absorption capacity of these flours. In non-enzymatically treated extruded flour, this peak 248 

emerged slow and later, presumably the ethanol used to precipitate treated flours favoured 249 

the formation of V-type complexes with amylose or longer chains [12] as previously 250 

reported Ao et al. [8]. Those V-type complexes provide starch granules with higher 251 

crystallinity and rigidity impeding water absorption. Enzymatically treated (B and BMA) 252 

extruded flours presented very low viscosity along pasting profile with no peaks as a result 253 

of the hydrolytic activity of the enzyme on the starch chains. In addition, no differences 254 

were shown due to the type of enzyme added. It has been reported that the new branched 255 

structure of starches treated with branching enzyme leads to weakening of the interactions 256 

among amylopectin molecules, giving rise to solutions with relatively low viscosity [26]. 257 
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The same flat pasting profile was reported when treating extruded flours with amylolytic 258 

and cyclodextrin glucanotransferase enzymes [19,27].  259 

3.3 Starch hydrolysis kinetics 260 

The hydrolysis curves of non-extruded and extruded flours are displayed in Fig. 3A and 3B, 261 

respectively. For native flours, scarce differences were observed among the hydrolysis 262 

curves of treated and non-treated flours. It could only be envisaged that incubated samples 263 

seemed more accessible to be hydrolyzed. Large surface area of flour particles increases the 264 

water diffusion and enzyme accessibility according to de la Hera et al. [28], which is in 265 

agreement with microscopy results encountered in the present study. Thus, the 266 

disaggregation of starch granules from the protein matrix would favor the α-amylase 267 

accessibility, increasing starch susceptibility to be hydrolyzedRegarding the enzymatic 268 

modification, the small holes observed on the surface of BMA starch granules were not 269 

enough to enable enzyme accessibility inside the granule. 270 

On the other hand, extrusion treatment led to a significant increase in the enzymatic 271 

hydrolysis curve of flours compared with the un-extruded flours, as has been previously 272 

reported [3,4,18]. The rupture of granules promoted by gelatinization makes the starch more 273 

accessible, exposing the more enzyme-susceptible interior regions to enzyme attack and 274 

facilitating the amylolytic hydrolysis [28,29]. No conclusive results could be extracted from 275 

the hydrolysis curves of extruded samples, although it was expected that the increase in the 276 

number of short outer chains and branching points of amylopectin induced by B and BMA 277 

[12] would hinder pancreatic α-amylase binding to the starchy-substrate. Nevertheless, the 278 

reduction in particle size and the more porous structure already observed in section 3.1 279 

could have masked those changes produced in the fine structure. 280 

It must be stressed out that glucose release was gradually increasing for native flours as the 281 

reaction proceeded (Fig. 3A), whereas for extruded flours a fast increase of glucose release 282 

was observed during the first 10 minutes of reaction, reaching rapidly a plateau (Fig. 3B). 283 
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Therefore, in extruded flours, all digestible starch was rapidly hydrolyzed within the first 284 

minutes of the reaction as a result of; the greater ability of the enzyme to enter into the 285 

disrupted structure already shown in the photomicrographs and the higher surface to volume 286 

ratio of the particles. 287 

Enzymatic treatment was not enough to promote significant differences on hydrolysis rate 288 

and extent (Table 1) as indicated the kinetics parameters obtained by fitting the hydrolysis 289 

experimental data to a first-order equation. The end point values (C∞) obtained in the 290 

hydrolysis process reflected the concentration at the equilibrium point. No great differences 291 

were obtained for this parameter attending the type of treatment or the type of flour. Indeed, 292 

the most significant change in C∞ was the decrease in this value for native flours after the 293 

possible annealing produced during such hydrothermal conditions. This would suggest that 294 

the greater crystalline perfection acquired after annealing could have limited the enzymatic 295 

hydrolysis within the 3 hours of incubation.  296 

Regarding the digestibility rate constant (k), significant differences were only found due to 297 

the type of flour. Extruded flours presented the highest hydrolysis rates compared to native 298 

flours. Butterworth et al. [30] indicated that significant differences in k are indicative of 299 

structural differences. Furthermore, low k values have been reported when there was a slow 300 

diffusion of pancreatic amylase into the starch granule as digestion proceeded [31]. In this 301 

research, the lowest values of k found for all native samples, indicated their minor 302 

susceptibility to digestion. Therefore, it seems that the structural characteristics of the flour 303 

initially employed largely affected the digestion process rather than the ulterior treatment 304 

carried out in order to modify this initial structure. Further strategies to diminish the 305 

substrate affinity to the binding active-subsites of pancreatic α-amylase should be approach 306 

bearing in mind the changes produced at all hierarchical levels in the starch structure of 307 

maize flours during such treatments. Results showed that the negative effect of rapid 308 
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digestion induced by extrusion was not overcome by increasing the branching points and 309 

the ratio of short chains to longer chains in amylopectin.  310 

Somehow this can explain the controversy found in the results reported. Thus, some authors 311 

[8,9,32] reported that an increase in the proportion of short outer chains of amylopectin and 312 

in branching points likely contribute to their slow digestion property.  However, Han et al. 313 

[33] indicated that short chains of amylopectin and amylose were preferentially digested 314 

(rapidly), while DP 121 chains were resistant to amylase hydrolysis, followed by those of 315 

DP 46. Furthermore, Zhang et al. [34,35] found that maize starches with either longer or 316 

shorter branches showed slower digestion properties based on: 1) the potential of long 317 

branches to form crystallites and, 2) the presence of a highly branched amorphous lamella, 318 

entailing a higher content in short chains, that halt the rearrangement of the crystalline 319 

double helices in amylopectin. In this way, Bertoft et al. [36] recently hypothesized that 320 

even those nuances in the structural architecture can have a pronounced effect on the 321 

properties of starch. 322 

3.4 Resistant starch content 323 

Resistant starch was significantly higher for native samples and for extruded flour without 324 

further treatment (Table 1). Whereas no significant differences were found due to the 325 

treatment in native samples, when the extruded sample was treated, weather in presence or 326 

in absence of enzyme, the RS content was significantly reduced owing to the incubation 327 

step. During treatment of the samples, conditions similar to annealing were produced. 328 

Despite the fact that different results have been reported for annealed starches in terms of 329 

digestibility, some authors [37,38] found a reduction in the resistant starch content and in 330 

the extent of the reaction in pulse and corn annealed starches, respectively. They explained 331 

that the increased hydrolysis can be due to the formation of a more porous structure, 332 

allowing a greater accessibility of hydrolytic enzyme into the starch interior which may 333 

negate the effect of crystalline perfection and starch chain interactions on enzyme 334 
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susceptibility. In this way, it could be hypothesized that these structures with a greater 335 

crystalline perfection could be sometimes hydrolyzed due to this increased porosity making 336 

them more accessible to enzymatic activity, and not contributing to the increase in the RS 337 

level.  338 

4 Conclusions 339 

Enzymatic treatment of native and extruded flours offers an alternative for modifying 340 

structural features and pasting behavior. However, the use of branching enzyme and 341 

maltogenic α-amylase treatments to reduce the starch digestion rate in maize flours  was not 342 

effective in contrast to previous studies, where enzymatic treatment was carried out on pure 343 

starches. This indicates that the matrix in which starch is included affects the way in which 344 

the enzymatic treatment modifies its digestibility Therefore, future comparative studies 345 

focused on how those enzymatic treatments differently affect both starches and flours 346 

properties could shed some light on optimizing the enzyme substrate (raw material) and the 347 

enzymatic conditions to produce ingredients with desirable functional and nutritional 348 
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Tables 461 

Table 1. Kinetic parameters extracted from first-order fitting of the experimental enzymatic 462 

hydrolysis data and resistant starch content of flours samples. 463 

Flour Treatment k (min-1) C∞ (%) RS (%) 

Native Non-treated 0.002a 50.47c 13.83b 

 No enzyme 0.008a 18.41a 12.34b 

 B 0.006a 24.00ab 12.04b 

 BMA 0.004a 17.68a 13.57b 

     

Extruded Non-treated 0.461b 25.64ab 13.26b 

 No enzyme 0.372b 29.53b 9.66a 

 B 0.391b 28.89b 9.33a 

 BMA 0.541b 24.52ab 8.86a 

Values followed by different letters within a column denote significantly different levels 464 

(P<0.05). RS= Resistant Starch. Non-treated= not subjected to any treatment; no enzyme= 465 

treatment in the absence of enzyme, B= branching enzyme treatment and BMA= branching 466 

enzyme and maltogenic α-amylase treatment. 467 
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Figure captions 478 

Fig. 1. Scanning electron micrographs of native (a, c, e, g) and extruded (b, d, f, h) flours at 479 

low (A) and high (B) magnification, respectively. Non-treated (a, b), non-enzymatically 480 

treated (c, d), treated with B (e, f) and treated with BMA (g, h) flours. Arrows and circles 481 

show holes and cavities, respectively. 482 

 483 

Fig. 2. Pasting profiles of native (black) and extruded (grey) flours. Non-treated (continuous 484 

line), non-enzymatically treated (short broken line), treated with B (long broken line) and 485 

treated with BMA (dot line). 486 

 487 

Fig. 3. In vitro starch hydrolysis of the native (A) and extruded (B) flours treated with B (■) 488 

or BMA (▲) compared with their controls; non-treated (◊) and non-enzymatically treated 489 

(○) flours. 490 
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