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The consumption of composite flour, such as green banana and corn flour, is related to maintain stable blood glucose levels, due to
high resistant starch levels. However, most of these studies have conducted analyses of unprocessed food such as flour. Therefore,
this study aimed to evaluate the effect of baking on resistant starch concentration and digestion from bread produced with partial
wheat flour substitution. Response surface methodology was used to evaluate bread physical-chemical characteristics, and then,
sensorial and nutritional qualities of the bread were evaluated. The feasibility of incorporating 40% of corn flour was dem-
onstrated, while incorporation of 20% produced bread with similar characteristics to the control; for green banana flour, these
levels were 20 and 10%, respectively. Resistant starch levels of composite breads were also enhanced by in vitro analyses. On the
other hand, in vivo blood glucose levels evidenced that the ingestion of breads produced with partial wheat flour substitution by
green banana or corn flour promoted a more important peak in blood glucose levels in comparison with control bread, which was
never previously presented in the literature. Bread ingestion rapidly increased the blood glucose levels of rats; once during the
baking process, starch granules become gelatinized and therefore easily digestible. Furthermore, this study also highlighted the
lack and need for future investigation of wheat flour-substituted baked goods, in order to better understand mechanical properties
formation and also product digestibility.

1. Introduction

Typically, bread comprises 60% wheat flour [1], but the
wheat production in tropical countries does not fulfill this
demand. According to the United States Department of
Agriculture (USDA) [2], Egypt, Indonesia, Algeria, and
Brazil imported approximately 11.5, 8.1, 7.7, and 6.3 million
tons of wheat in 2015/16, respectively. Furthermore,

especially in the developing countries, the population is
growing at a higher rate [3]; therefore, alternatives to staple
crops should be considered for future food production. Corn
is among the most widely produced and consumed grains in
the world, with corn production estimated to be 989.83
million tons in 2015/16 [2]. Corn (Zea mays) is a gluten-free
cereal, used as a base to formulate numerous food products,
such as “tortillas” in Mexico and “broa” in Portugal. In
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addition to being the main staple food in many countries,
corn grain and its flour contain higher levels of total phe-
nolic compounds, and it has a higher antioxidant capacity
than other grains, for example, wheat, rice, and oats [4].
Corn grain and its flour contain phytochemicals in both free
and soluble-conjugated forms as well as in insoluble com-
plexes [4].

Tropical and subtropical countries are also major pro-
ducers of fruits such as banana. Indeed, India, China, Phil-
ippines, Brazil, and Ecuador are the largest global producers of
banana, with an average production of 19.39, 6.67, 6.43, 6.40,
and 6.38 thousand tons in 1994-2014, respectively [5].
However, in Brazil, about 20% of the fruit is wasted and
rejected [6, 7]. Furthermore, some studies have demonstrated
that green banana flour has high levels of resistant starch,
between 16 g/100 g of flour [8] and 40.9-58.5g/100 g of flour
[6]. Resistant starch is the product of starch degradation known
to be resistant to a-amylase and glucoamylase digestion, with
in vivo results showing that 75%-84% of the starch granules
ingested reach the terminal ileum [9]. However, there are a
limited number of studies available for the application of green
banana flour in popular food products and their effects on
blood glucose levels; most studies describe the effect of flour
consumption and not the effect of processed foods.

Wheat, corn, and green banana flours mainly comprise
starch. The susceptibility of starch to digestion is the
functional property of particular interest for nutrition. Food
process is closely related to starch digestibility, in terms of
how the starch is baked or cooked [10], as well its intrinsic
properties, such as variations in physiochemical, granular
structure, and the relation between amylose and amylo-
pectin. Amylopectin is the major constituent of starch,
consisting of both crystalline (double helix) and amorphous
parts [11, 12]. When food rich in starch is baked, for ex-
ample, the crystalline amylopectin melts and goes to the
amorphous form, which is rapidly digested and absorbed
due to its accessibility to digestive enzymes. Since it is well-
known that the susceptibility of crystalline amylopectin to
digestion depends on its botanical origin [11] and amor-
phous amylopectin is more susceptible to enzymatic action
than the crystalline form [8, 11], it is important to quantify
the level of blood insulin after consumption of foods with a
high starch content from different sources, moreover after
food processes, which could change the starch structure and
digestibility. However, most of proposed studies on the
literature only analyses raw materials and not the processed
food such as bread.

Therefore, this study aimed to incorporate corn and
green banana flours into bread formulations, characterize
their physical and sensorial properties, and then evaluate
resistant starch levels and in vivo blood glucose levels of rats
after consuming bread produced with composite flour in
order to verify the functional health attributes attributed to
unprocessed foods, such as the used flours.

2. Materials and Methods

2.1. Materials. Wheat flour (Bunge, Brazil), corn flour
(Yoki, Brazil), green banana flour (Zona Cerealista,
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Brazil), salt (Cisne, Brazil), commercial baking improver
(BI) S500 (composed by a mix of corn starch xylanase,
emulsifier polysorbate 80, and estearoil-2-lactil lactate to
sodium, ascorbic acid, azodicarbonamide, and a-amylase)
from Puratos (Brazil), and fresh yeast (Fleischamann,
Brazil) were used. All material was purchased from the
same lot. The resistant starch content of flours and breads
was measured using a colorimetric enzyme assay kit
(KRSTAR kit, Megazyme International, Wicklow, Ire-
land), according to the AACC method no 32-40-01 [13]
adapted [14].

2.2. Methods

2.2.1. Flour Characterization. Chemical composition: the
moisture, crude fat, ash, crude protein, and crude fiber levels
of corn, green banana, and wheat flour were determined
using standardized methods [15].

(1) Total Phenolic Content. The phenolics were extracted
from the flours following the method proposed by Bakan
et al. [16]. Flour samples (approximately 1.5g) were dis-
solved in 80% ethanol (30 mL), submersed in an ultrasonic
bath for 60 min at room temperature, and centrifuged at
3500 rcf for 10 min. A second extraction was performed by
adding 30 mL of 80% ethanol before centrifugation as before.
The total phenolic content was determined using
Folin-Ciocalteau reagent. Aliquots of the samples (0.1 mL)
were added to 1 mL of Folin’s reagent (1:10). After 5min,
2.0 mL of calcium carbonate (20%) was added, the solution
was rested for 1h, and the absorbance was determined at
740 nm using a spectrophotometer (Biospectro, SP-22). The
absorbance values were converted to mg of gallic acid/100 g
of flour using a gallic acid standard curve.

2.2.2. Bread Production. The dough was prepared with flour
(1200 g), salt (24 g), BI (12 g), fresh yeast (60g), and water
(696 g) [17]. First, all dry ingredients were mixed in a spiral
vertical mixer (AM-12E, Famag Brasil, Brazil), then the yeast
and the water were added, and the ingredients were mixed
for 9 min. After mixing, the dough was covered with a plastic
film for 10 min, then divided into 100 g portions, and re-
covered with plastic film for 15min, enabling dough re-
laxation. The breads were placed in a mold (MR500, Prética
Technipan, Brazil) and transferred to a fermentation
chamber (Klimaquip, Brazil) at 35°C and 85% relative hu-
midity until the volume increased 2.5-fold its initial volume
(approximately 30 min). Finally, breads were baked at 200°C
for 14 min in an electric oven (E250, Pratica Produtos,
Brazil).

2.2.3. Experimental Design. The response surface meth-
odology (RSM) was used to study the effect of wheat flour
level substitution and baking improver concentration on
bread properties (Tables 1 and 2). The effects of corn flour
concentration (Ccg) (0-40 g/100 g of total flour) and baking
improver concentration (Cgy) (12-33g/1200¢g total flour)
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TaBLE 1: The 27 factorial design and responses in the characterization of bread produced with different concentrations of wheat flour, corn
flour (Ccrp=g/100 g total flour), green banana flour (Cgr=g/100 g total flour), and baking improver (Cg;=g/1200g total flour).

Variable

Run X, (Cep) X, (Cap) WCD WCCb WCCt WL SV Hd El Co Ym

1 -1 (0) -1(12) 46.6+02 442+14 169+2.0 20.6+x11 6.02+041 0.09+0.02 0.98+0.02 0.83+0.02 0.11+0.04
2 +1(40) -1(12) 45.6+0.2 44.8+0.1 20.6+0.7 19.4+0.5 2.30+0.01 0.84+0.12 0.87+0.04 0.53+0.05 1.36+0.21
3 -1(0) +1(36) 45.6+0.8 43.8+0.2 11.6+09 21.4+0.8 597+0.16 0.10+0.01 0.94+0.03 0.81+0.03 0.12+0.04
4 +1 (40) +1 (36) 46.0+0.1 432+0.1 157+1.5 20.7+1.2 3.80+0.07 0.29+0.03 0.89+0.10 0.53+0.11 1.49+0.52
5 0 (20) 0(24) 451+0.1 443+01 189+21 191+04 426+0.30 0.18+0.02 0.94+0.02 0.77+0.02 0.23+0.03
6 0 (20) 0(24) 46.0+0.1 43.6+03 17.8+1.1 20.0+0.1 4.20+0.38 0.19+0.03 0.94+0.03 0.75+0.04 0.21+0.05
7 0(20) 0(24) 51.8+16 432403 153+05 21.1+04 453+025 0214002 092+0.03 0.73+0.03 0.25+0.07
8 0(20) 0(24) 453+0.1 434+01 20.01+12 196+1.0 3.82+0.13 022+0.01 093+0.03 0.76+0.02 0.25+0.06

Variable

Run X, (Cop) X, (Cap) WCD WCCb WCCt WL N Hd El Co Ym

1 -1 (0) -1(12) 458+0.1 452+0.2 16.8+0.9 17.8+0.5 3.63+0.25 0.30+0.04 0.95+0.03 0.80+0.03 0.16+0.01
2 +1(20) -1(12) 464+01 43.8+0.1 21.2+1.09 163+03 221+0.03 094+0.12 0.88+0.02 0.67+0.03 1.02+0.06
3 -1 (0) +1 (20) 46.5+0.1 45.7+0.2 13.5+1.1 22.8+0.3 6.22+0.11 0.08+0.01 0.91+0.03 0.80+0.03 0.08+0.02
4 +1(20) +1 (20) 449+0.2 445+0.6 19.1+26 16.6+0.4 242+0.06 0.71+0.09 0.87+0.01 0.69+0.03 0.85+0.14
5 0 (10) 0(16) 463+0.1 452+0.2 133+14 185+0.7 4.09+0.12 0.12+0.01 091+0.05 0.80+0.01 0.14+0.03
6 0 (10) 0 (16) 473+0.1 443+02 16.6+1.0 18.6+0.8 4.21+0.11 0.23+0.03 094+0.01 0.80+0.01 0.19+0.02
7 0 (10) 0(16) 463+0.2 448+02 19.4+0.9 181+0.6 4.07+0.04 0.19+0.01 0.88+0.10 0.80+0.02 0.20+0.05
8 0 (10) 0(16) 464+1.6 434+0.2 183+0.8 18.7+0.7 4.04+020 0.22+0.04 0.93+0.03 0.80+0.01 0.15+0.03

X, X, independent variables; (—1), (0), and (+1) = coded values of experimental design; and (-) = decoded values of experimental design. WCD = dough water
content (%), WCCb = crumb water content (%), WCCt = crust water content (%), WL = water weight loss (%), SV = specific volume (mL/g), Hd = hardness

(kg), El = elasticity, Co = cohesiveness, and Ym = Young modulus (MPa).

TasLE 2: Continuation of the 2* factorial design and responses in the characterization of bread produced with different concentrations of
wheat flour, corn flour (Ccg), green banana flour (Cgg), and baking improver (Cgy).

Variable
Run CutF L*-Cb a*-Cb b*-Cb L*-Ct a*-Ct b*.Ct
X; (Ccr) X, (Cgp)
1 -1 (0) -1 (12) 45+6 68.1+3.3 -0.3+0.1 10.7+1.1 61.0+3.4 14.0+1.9 36.5+14
2 +1 (40) -1 (12) 25+8 71.1+£0.2 5.6+0.1 40.0+0.4 71.7+3.0 11.9+1.6 423+1.7
3 -1 (0) +1 (36) 40+6 82.6+0.4 09+0.2 18.8+0.5 60.7 +£2.6 17.5+1.0 42.1+0.5
4 +1 (40) +1 (36) 17+3 73.3+3.0 3.6+0.3 36.1+2.1 73.8+7.1 10.2+1.7 31.7+4.6
5 0 (20) 0 (24) 32+6 75.8+0.5 2.7+0.3 30.1+1.0 71.9+4.7 11.9+2.5 33.8+3.9
6 0 (20) 0 (24) 33+4 75.8+0.9 2.5+0.2 29.6 +0.8 66.2+3.2 145+ 1.3 36.3+2.9
7 0 (20) 0 (24) 31+5 75.3+0.5 2.6+0.2 29.8+0.6 71.0+1.9 12.2+0.9 369+3.5
8 0 (20) 0 (24) 305 75.3+0.7 3.0+£0.2 30.5+0.8 70.2+4.5 11.8+2.5 33.6+4.0
Variable R N . B B B

Run X, (Cep) X, (Cap) CutF L*.Cb a*-Cb b*-Cb L*-Ct a*-Ct b*.Ct

1 -1 (0) -1(12) 57+9 783+ 1.8 2.1+£0.2 20.6 +0.5 66.1 £3.7 12.9+2.6 359+2.1
2 +1 (20) -1 (12) 275 439+2.0 4.0+0.2 16.0+0.7 48.4+2.4 89+1.0 259+1.6
3 -1 (0) +1 (20) 32+4 64.9+2.3 -0.4+0.1 9.7+£0.5 61.3+£2.6 13.2+1.7 39115
4 +1 (20) +1 (20) 28+2 452+ 1.4 3.9+0.3 15.7+0.5 43.3+2.8 11.0+2.1 26.9+1.8
5 0 (10) 0 (16) 34+7 51.5+1.6 2.2+0.2 14.1+£0.9 53.7+3.5 10.7+1.6 32.0+1.7
6 0 (10) 0 (16) 41+7 581+34 3.7+£0.3 155+1.3 57.3+2.8 10.7 £ 0.6 284+3.2
7 0 (10) 0 (16) 36+7 58.6+2.2 36+0.2 152+0.7 57.3+3.9 12.0+1.4 29.6+3.5
8 0 (10) 0 (16) 37+6 59.2+2.2 3.6+£0.2 154+1.0 532+1.2 11.8+1.9 32.0+1.6

X, X, independent variables; (—1), (0), and (+1) = coded values of experimental design; (-) = decoded values of experimental design. CutF = cutting force;

L*-Cb=crumb L*, a*-Cb =crumb a*, b*-Cb=crumb b*, L*-Ct=crust L*, a*-Ct=crust a*, and b*.Ct=crust b*.

on the dependent variables were evaluated first, and then,
the effects of green banana flour concentration (Cgp)
(0-20g/100g of total flour) and baking improver con-
centration (Cp;) (12-20g/1200g total flour) on the de-
pendent variables were evaluated. Higher levels of Ccr and
Ccr were previously determined, with the center points of
runs 5-8 used to determine the experimental error and data
reproducibility.

Statistical analysis (95% confidence level) was per-
formed using Statistica 9.1 software. First, a Pareto diagram
was used to evaluate the effects of each individual inde-
pendent variable and its interactions on each dependent
variable. In this diagram, the value in which f.,culated 1S
equal to fupulatea completes the diagram, providing the
value from which the effects are significant at the 95%
confidence level (p =0.05). All determinations for the
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TaBLE 3: Regression coefficient and ANOV A for the different dependent variables evaluated as a function of the independent variables, corn
flour concentration (Ccp=g/100 g total flour), green banana flour concentration (Cgr=g/100g total flour), and baking improver con-

centration (Cg;=g/1200 g of total flour).

Dependent variable

for bread produced BO CCF CBI CCF'CBI RZ Fcalculated Ftei)ulated FLack of FtaEulatedZ
with corn flour (p=005)  agjustment (P =0.05)
Specific 4.36* ~147* 036 039 095 32.58 5.99 518 9.28
volume (SV)

Hardness (Hd) 0.26* 0.24* -0.14* -0.14* 0.92 14.68 6.59 100.38 10.13
Elasticity (El) 0.93* -0.05* -0.01 0.02* 0.95 25.55 5.79 5.26 9.55
Cohesiveness (Co) 0.71* -0.14*  -0.01 0.001 0.87 40.51 5.99 12.23 9.28
Cutting force (CutF) 31.58* -10.60* -3.23* -0.66 0.99 161.57 5.79 0.61 9.55
Young modulus (Ym) 0.050* 0.067* 0.0025 0.0025 0.75 17.71 5.99 81.33 9.28
L* (crumb) (L*-Cb) 74.66* -1.59 4.17* -3.08* 095 16.28 5.79 115.55 9.55
a* (crumb) (a*-Cb) 2.57* 2.18* -0.20 -0.81* 0.99 13294 5.79 2.74 9.55
b* (crumb) (b*-Cb) 28.20* 11.64* 1.05 -3.02 0.96 48.05 5.99 135.30 9.28
L* (crust) (L*-Ct) 68.30* 5.95* 0.44 0.61 0.80 21.64 5.99 1.12 9.28
a* (crust) (a*-Ct) 12.99* -2.35* 0.42 -1.30 0.83 9.77 5.99 1.86 9.28
b* (crust) (b*-Ct) 36.66* -1.13 -1.24 -4.04* 0.74 10.42 5.99 3.42 9.28
Dependent variable for bread F F F
produced with green banana Bo Car Coi CorCri R*  Foculated tabulated Lack of tabulated2
ﬂour (P - 005) adjustment (P - 005)
Speciﬁc volume (SV) 3.86* -1.31"  0.70* -0.60* 0.95 27.97 6.59 86.67 10.13
Water loss (WL) 18.43* -1.94* 1.34* -1.16* 0.99 172.90 6.59 0.13 10.13
Cutting force (CutF) 36.58" -8.47* =576 6.54* 096 31.64 6.59 0.16 10.13
Young modulus (Ym) 0.36" 0.38* —0.09 0.00 0.68 10.70 5.99 123.53 9.28
L* (crumb) (L*-Cb) 57.48* -13.53* -3.04 3.68 095 33.12 5.99 2.44 9.28
a* (crumb) (a*-Cb) 2.84— 1.58* -0.67 0.60 0.81 9.53 5.99 3.27 9.28
b* (crumb) (b*-Cb) 15.28* 0.35 -2.79" -2.65* 0.95 66.14 5.79 0.99 9.55
L* (crust) (L*-Ct) 55.07* ~895° 245 —0.06 096 4822 5.99 1.63 9.28
a* (crust) (a*-Ct) 11.41* —1.54* 0.61 043 0.81 15.45 5.99 1.73 9.28
b* (crust) (b*-Ct) 31.22* -5.56* 1.06 -0.56 090 37.70 5.99 1.01 9.28

Flculated > Frabulatear: significant model; Frack of adjustment < Frabulated2: Significant and predictive model, p <0.05 (95% confidence); and *significance at 95%

confidence interval.

effect or model calculations were performed by the residual
error, since the pure error is used only for calculating the
values of nonadjusted analysis of variance (ANOVA), that
is, the pure error only indicates the variation of the center
points. After this, only predictive responses, which pre-
sented significant effects at the 95% confidence level
(p = 0.05), were evaluated (Table 3). Data were fitted to a
first-order effects model as a function of the dependent
variables (equation (1)).

Yi=Bo+ Xy + B Xy + fr X Xy, (1)
where Y; is the predicted response; 3, is the constant co-
efficient; 8, and S, are the linear coefficients; 5, is the
interaction coeflicient; and X; and X, are independent
variables.

2.2.4. Bread Characterization

(1) Water Content. The water content of the dough, crumb,
and crust were determined after drying the samples in an
oven (FANEM, Fanem 515, Brazil) at 105°C for 24 h.

(2) Water Loss. The water loss was calculated using the
weight ratio of the dough and the baked bread expressed as a
percentage [17].

(3) Specific Volume. The specific volume of the bread was
determined using a VolScan Profiler (Stable Micro Systems,
Godalming, United Kingdom) at a set laser distance of
4mm. The average SV was determined by calculating the
ratio between the volume (mL) and the weight (g) of the
bread.

(4) Texture Properties. Crumb texture properties were de-
termined by texture profile analysis (TPA) and cutting force
using a TA-XT Plus texturometer (Stable Microsystems,
Surrey, United Kingdom). For TPA analyses, a 25 mm di-
ameter cylindrical probe at a test speed of 1.70 mm/s was
used. The bread slice was subjected to a double cycle of
compression at a maximum deformation of 40%, and the
responses obtained were hardness, elasticity, and cohe-
siveness. For cutting force analyses, bread samples (15 mm
cross-sections) containing crumb and crust, positioned
vertically, were sheared by a Warner-Bratzler blade [18]. The
parameters defined for the test were kept constant at
4.00m/s pretest velocity, 1.00mm/s test velocity, and
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5.00mm/s posttest velocity, with a test activation force of
20.0g. The Young modulus (Ym) was also determined by
plotting force in function of the strain and selecting the
linear region (N/% strain), followed by dividing this slope by
the cross-section area of the sample, and then expressed in
MPa.

(5) Color. The color parameters of the crust and crumb,
lightness (L*), a*, and b* were determined (in triplicate) using a
colorimeter (HunterLab, MiniScan XE plus, Reston, USA) with
illuminant D65 (daylight) and a 30 mm diameter cell opening.

(6) Sensorial Analyses. Similarly, in the second step of this
study, selected bread samples were evaluated by 115
untrained panelists. This study was approved by the Ethics
Committee of the Faculty of Animal Science and Food
Engineering (FZEA/USP) (process
56390716.0.0000.5422). Prior to performing the test,
panelists gave informed consent. Bread samples, including
control, were evaluated for color, flavor, texture, and
overall acceptability, using a nine-point structured he-
donic scale where nine corresponded to “liked extremely”
and one to “disliked extremely.” Samples were randomly
presented to the panelists on white plates with undisclosed
codes. Consumer purchase intention was evaluated by
assessing the possibility that consumers plan to or would
be willing to purchase the product using a five-point scale
(1 ="“certainly would not buy” and 5= “certainly would
buy”). The panelists scaled the order of preference among
the three samples evaluated.

2.2.5. Blood Glucose Levels in Rats. The in vivo study was
conducted at the animal facility of the Department of
Animal Pathology, Faculty of Veterinary Medicine and
Animal Science of University of Sdo Paulo (FMVZ-USP).
The experiment was conducted in compliance with the
guidelines of and approved by the Ethics Committee FZEA/
USP (process 3307130916/2016). The experiments were
conducted according to the methodology proposed by
Kawai et al. [12]. Twenty-five male Wistar rats (6 weeks of
age) had free access to water and food during acclimation (2
weeks). After a 12h-fast, blood glucose readings were
determined from the tail vein of mice using a glucose
sensor (G-Tech Lite, Glucomed, Brazil). Rats were divided
into five groups (n=5 per group), and no significant dif-
ferences in initial blood glucose were observed. The bread
samples were homogenized with filtered water, and sus-
pensions (100 mg/mL) were obtained. The suspensions
were orally administered at 20 mL/kg by gavage, and blood
glucose was assayed at 30, 60, 90, and 120 min after
administration.

3. Results and Discussion

3.1. Flour Characterization. The proximate chemical
compositions of the flours are presented in Table 4, and
there were differences observed in protein, fiber and
resistant starch, and total phenolic content between

wheat, corn, and green banana flour. The proximate
chemical composition of corn flour (Table 4) showed a
profile very similar, considering the varietal differences,
to those obtained by Sabanis and Tzia [19], whereas the
total phenolic content of corn flour, approximately
7.8 mg of GAE/100 g of flour, was lower than the values
reported by Méndez et al. [6]. This difference could be
related to corn genotype, variety, and extraction method
quantification. Resistant starch content in corn flour,
5.14% (Table 4), was higher than that observed for wheat
flour (1.27%).

The green banana flour analyzed in this study had a
protein content of 7.77% (dry matter, dm), higher than the
values reported for different unripe bananas, estimated
between 2.5% and 3% (dm) [8, 20, 21]. Similarly, green
banana flour had a higher ash content of 6.34% (dm)
compared to published results (2.6%-4.7%, dm)
[8, 20, 21]. The total phenolic content of green banana
flour, approximately 18.0 mg of GAE/100 g of flour, was
also higher than that reported in the literature [21]. Fi-
nally, resistant starch in green banana flour (13.77%, dm),
which is close to the highest level, is measured in eight
different unripe green banana flours (15.54%, dm) [20],
and it was higher than values observed for wheat and corn
flour. Consequently, the corn and green banana flour
evaluated in this study showed a higher total phenolic and
resistant starch content in comparison to other flours and
fruits, thus, potentially increasing those components in
bread formulations, with green banana flour having the
highest resistant starch and total phenolic content.
Moreover, the high ash content of green banana flour
could be attributed to the high mineral content. Therefore,
it could also be expected that breads produced with corn
and green banana flour, in relation to control bread, will
have an increased nutritional content, and could poten-
tially be developed for patients with specific nutritional
needs.

3.2. Bread Characterization

3.21. Water Content and Water Loss. According to
ANOVA, the linear models fitted for dough, crumb, and
crust water content (Table 3) were not statistically significant
and predictive for both flours used. Similarly, no mathe-
matical model was identified to describe the water loss for
breads partially substituted by corn flour (Table 1).
Although the linear models could not be used to represent
the effects of corn flour and baking improver concentration
on the water content of the dough, crumb, and crust, as well as
water loss, it was observed that the mean values presented for
corn-wheat breads (calculated as the mean of the corre-
sponding values presented in Tables 1 and 2) remained at
approximately 46.5+23g of water/100g of dough,
43.8+0.6g of water/100g of crumb, 17.1+2.9¢g of water/
100 g of crust, and 20.2+0.8g of water/100g of bread, re-
spectively. Similarly, mean values presented for green banana-
wheat breads remained at approximately 46.2 + 0.7 g of water/
100g of dough, 44.6+0.8g of water/100g of crumb, and
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TABLE 4: Proximate chemical composition and total phenolic content of the different flours used to produce breads with partial wheat flour
replacement.

Flour

Compound
Wheat Corn Green banana

Moisture (g/100 g of flour) 11.19+0.23 6.69+0.15 512+0.19
Dry matter (DM) (g/100g of flour) 88.81+0.23 93.31+0.15 94.72+£0.19
Crude protein (g/100 g DM) 14.36 £0.22 8.31+1.02 7.77£0.32
Crude fiber (g/100 g DM) 0.16+£0.03 1.04+0.19 3.75+0.60
Crude fat (g/100 g DM) 1.22+0.04 2.03+0.08 1.15+£0.11
Ash (g/100 g DM) 0.62+0.01 0.57 £0.04 6.34+0.37
Resistant starch (g/100 g of DM) 1.27+1.21 5.14+2.47 13.77 £2.47
Dietary fiber* (g/100 g of fDM) 3.60 5.20 12.53
Total phenolic (mg GAE/100 g) 33+04 7.8+0.6 18.0+1.13

*Not quantified: information provided by the suppliers.
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17.3+2.8¢g of water/100g of crust. Those values were in
agreement with previous studies on bread formulated with
only WF [22, 23], suggesting that corn and green banana flour
can be used at the different levels evaluated without provoking
a significant change in water content of the dough crumb and
crust.

However, the linear model fitted for water loss (WL)
for breads partially substituted by green banana flour was
statistically significant (Fcaculated > Frabulatedr) and pre-
dictive (FLack of adjustment<Ftabu1ated2) (Table 3)a as rep-
resented by equation (1), enabling the plotting of response
surface plots (Figure 1(a)). According to Figure 1(a),
green banana flour and baking improver concentration
directly affected the WL of the bread during baking. In the
concentration range investigated, WL varied between
16.28% and 22.84% (Tables 1 and 2). The incorporation
and the increase of green banana flour concentration
provoked a decrease in the WL of breads during baking,
which was also observed in previous study [23], and could
be attributed to the high fiber content of green banana
flour, as detailed in Table 3.

3.2.2. Specific Volume. The specific volume values ranged
from 2.21 mL/g to 6.22 mL/g (Tables 1 and 2), agreeing with
previous studies of bread formulated with only wheat flour
[22, 23]. According to ANOVA, only the linear model fitted
for specific volume of breads produced with corn flour
(Table 3) was statistically significant (F..jculated > Frabulated1)
and PrediCtive (FLack of adjustment < FtabulatedZ)' As shown in
Figure 1(c), an increase in corn flour concentration (Ccr)
decreased the SV of the bread, with no significant effect for
the baking improver concentration (Cgj). This trend was
consistent with the results observed by Sabanis et al. [19] for
bread produced with partial wheat flour replacement by corn
flour. The authors reported that as the corn flour concen-
tration increased (0-50%), a decrease in specific volume was
observed. Siddiq et al. [24] also observed a similar behavior
in breads produced with partial substitution of wheat flour
by defatted maize germ flour (0-20g/100g); a decrease in
bread volumes from 318.8 mL to 216.3 mL occurred, com-
prising a 35% decrease in the specific volume (1.77 to
1.15mL/g).

Although the corn flour concentration had a negative
effect on the specific volume of bread formulated with corn-
wheat flour, this effect was less pronounced when corn flour
concentration levels remained lower than 20 g/100 g of flour
(Figure 1(c)), producing bread with a specific volume similar
to that of the control bread (produced with only wheat flour)
(Figure 1(c)).

At this level of analyses, the specific volume was not
related with the increased gas retention, as the crumb
structure measurements were not significantly correlated
between the different formulations. Volume enhancement
seemed to be a consequence of enhanced elasticity of the
gluten network, which could result in a higher gas retention
capacity. The negative effect of increasing corn flour con-
centration on the specific volume was expected because it
implies in a higher resistant starch and dietary fiber

concentration, which leads to settle around gas phase cells
and form physical barriers and increase in water content of
the matrix. All of these decrease the retention of carbon
dioxide, thereby decreasing the SV. Fleming and Sosulski
[25] utilized scanning electron microscopy to observe little
pores in the gluten fibrils and the cell walls of breads
supplemented with different concentrated protein plants.
Those authors proposed that these pores may permit the loss
of gas during fermentation and baking. Moreover, the use of
baking improver suggests that its increase in dough for-
mulation could have favored the aggregation of gluten
proteins and some hydrogen bonds with glutamine and
complex with starch granules in corn-wheat dough, thereby
increasing protein-starch interactions [26], thus enhancing
the gas retention limit and expanding the loaf volume.
Therefore, it could be proposed that at intermediary corn
flour incorporation in the bread formulation (20%), these
associations could create a more solid protein arrangement
and improve the gluten-starch-lipid complex that subse-
quently will produce bread with similar texture and ex-
panded volume.

3.2.3. Texture Properties. Texture properties were evaluated
by the parameters of hardness, elasticity, cohesiveness, and
cutting force (Tables 1 and 2). However, according to
ANOVA, only the linear model fitted for cutting force of
breads produced with both flours (Table 3) and the model
fitted for elasticity of breads produced with corn flour were
statistically significant (F_,jculated > Frabulated1) and predictive
(FLack of adjustment < FtabulatedZ) (Table 3)

Green banana flour and baking improver, in the con-
centration range studied, significantly affected the response
of the cutting force of breads (Figure 1(b)). Similarly, cutting
force of breads produced with corn flour was also signifi-
cantly affected by corn flour and baking improver con-
centration (Figure 1(d)). The values obtained for the cutting
force were affected negatively and significantly by the
concentration of substitute flour and improver (Figures 1(b)
and 1(d)). The composite green banana-wheat flour bread
and corn-wheat flour bread were less resistant to cutting
compared to the control wheat bread. Furthermore, it could
be observed that the effect of adding corn and green banana
flour had a greater impact on cutting force than the addition
of BL.

The decrease in the cutting force values of breads pro-
duced with corn-wheat and green banana-wheat flour could
be attributed to the greater fiber content of corn and green
banana flour. The higher the fiber content, the higher the
water absorption dough capacity, and consequently, the
lower the force required to cut the bread crust. Furthermore,
the higher levels of dietary fiber of corn and green banana
flour probably decreased the gas retention capacity due to a
weaker gluten network, with consequences on SV and
texture properties. At this level of analyses, the decrease in
cutting force with corn and green banana flour addition
could be related to the specific volume and fiber content.
Earlier studies have shown a similar relationship between
bread specific volume and hardness.



The elasticity of the corn-wheat flour breads was also
affected by increasing the corn flour concentration (Ccr)
(Figure 1(e)) and the interaction of corn flour and baking
improver concentrations (Table 3). This could be associ-
ated with the low level of gluten, lower gas retention ca-
pacity, or low quality in terms of gluten development, the
protein responsible for the mass viscoelasticity. As the
corn flour concentration increased from 0% to 40%, the
elasticity decreased from 0.98 to 0.87 (Tables 1 and 2), in
line with data reported by Paucean and Man [27] who
observed that the partial replacement of wheat flour by
0%-40% corn flour resulted in loss of bread elasticity (from
0.88 to 0.63).

The use of baking improver had a negative effect on
cutting force and elasticity, and as the baking improver
concentration increased, the cutting force of the bread in-
creased (Figures 1(b) and 1(d)) and the elasticity decreased
(Figure 1(e)). Therefore, the incorporation of high levels of
baking improver was not sufficient to achieve properties
similar to those of the control bread. Despite baking im-
prover favoring interactions with gluten-starch, those in-
teractions were not sufficient to enhance dough
development. Indeed, the texture properties analyses
showed lower elasticity of the bread on addition of corn
flour, indicating a less cohesive and unstable structure,
which could lead to inferior elasticity, probably due to
physical barriers around gas phase cells (dietary fibers, for
example) and weakening of the gluten-starch network de-
veloped in corn-wheat breads, and therefore insufficient gas
retention (Figure 2).

Unfortunately, as the model fitted for hardness of
breads, as well as the other answers obtained by TPA, was
not statistically significant and predictive (Table 3), they
could not be related to specific volume of breads, as
proposed in some others studies [28]. Thus, it seems that it
is the most important factor responsible for superficial
force, and therefore, cutting force changes in corn-wheat
and green banana-wheat breads are the high level of fiber
and/or resistant starch of corn and green banana flour,
respectively, which could in turn influence water absorp-
tion, thermal properties, starch gelatinization, and there-
fore gluten network macromolecular structure, and
consequently, the volume increment and texture properties
(Figure 2).

Besides TPA parameters, texture analyses were also
applied by a more straightforward mechanical test,
allowing to determine Young’s modulus (Ym) for the
crumb (Tables 1 and 2). The linear models fitted for Ym of
breads produced with both flours (Table 3) were statis-
tically significant (F_jculated > Frabulated1)> however, not
PrediCtiVe (FLack of adjustment<Ftabulated2) (Table 3) Al-
though the models could not be used to represent the
effects of substituted flour concentration and BI con-
centration on the Young modulus of the crumb, it was
observed that the values presented for breads (0.01-1.49)
were in agreement with previous studies on bread for-
mulated with only wheat flour [29-32]. Control crumb
bread (bread with inly wheat flour) required the least
amount of force to compress. The values reported for
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corn-wheat bread were 2.5 times (bread with 20% of corn
flour) or yet 15 (bread with 40% of corn flour) times
higher than the control wheat breads. While, values for
green banana-wheat bread were between 2 (10% green
banana flour) and 10 (20%) times higher than the standard
wheat. Resistance to mechanical deformation of breads
indicates, therefore, a higher rigidity of green banana-
wheat bread, followed by corn-wheat bread, and control
breads, independent of the concentration of substituted
flour. Furthermore, the increase of Young modulus of
composite bread seems to be linked with the resistant
starch level in bread, once Pearson correlation between
them present a good correlation, 0.98 for corn-wheat
bread and 0.95 for green banana-wheat breads, and much
better for them with specific volume (0.70 and 0.82, re-
spectively), as normally presented in the literature [33].
No studies were found in the literature that evaluated the
mechanical properties of bread made with partial re-
placement of wheat flour by any type of flour.

3.2.4. Color. The color of the crumb and crust was eval-
uated by L*, a*, and b* (Tables 1-3). The values of L*, a*,
and b* of crumb observed for the control bread (Tables 1
and 2) agreed with those previously reported for similar
breads [19, 24, 34]. The response surface for a* of the bread
crumb produced with corn and green banana flour (Ta-
ble 4) revealed that increasing the level of flour substitution
increased the a* values of the bread crumbs. In relation to
lightness (L*) of crumb, for breads produced with green
banana flour, L* decreased significantly with increasing
green banana flour concentration (Table 3). The baking
improver concentration had a less-pronounced effect on
crumb color parameters (Table 3). Siddiq et al. [24] also
reported high values of a* when higher defatted corn flour
concentration was used to produce breads, whereas
Fleming and Sosulski [25] and Alpaslan and Hayta [34]
reported a lower a* of crumb bagel/pretzel-type bakery
compared to the control (bread made with wheat flour
only). The more pronounced color of corn-wheat and green
banana breads produced in this study could be attributed to
a more pronounced Maillard reaction due to the high
amount of glucose released by the amylases present in the
flour and baking improver.

The crust color parameters, L*, a*, and b*, for corn-
wheat breads varied between 60.7 and 73.8, 10.2 and 17.5,
and 31.7 and 42.3, respectively (Tables 1 and 2), while for
green banana-wheat breads the values varied between 43.3
and 66.1, 8.9 and 12.9, and 25.9 and 35.9, respectively
(Tables 1 and 2). The color values observed for bread crust
produced with corn flour are in accordance with the study by
De Farias et al. [35] who obtained L, a*, and b* values of
bread crust between 65.7 and 71.6, 3.0 and 8.0, and 32.0 and
43.4. Moreover, it was observed that the increase of corn
flour concentration increased L* and decreased a* and b* of
bread crust produced with corn flour (Tables 1 and 2). This
yellow color increment could be due to color pigments
presents in corn, mainly carotenes and xanthophylls [4]. The
results were consistent with the literature [19, 24], indicating
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resistant starch composite bread produced with partial wheat flour substitution and its interrelationships.

that corn flour concentration and baking improver con-
centration significantly increased the lightness and the
yellowness of the bread, which could be related to the phenol
compounds and fiber present in corn flour. The color aspects
of corn products in combination with carotenoid concen-
tration (precursors of vitamin A) represent an important
attribute to be evaluated by consumer acceptance [19].
Considering the color crust parameters of breads pro-
duced with green banana flour, a*, b*, and L* of crust
decreased significantly with increasing green banana flour
concentration (Tables 1 and 2), which may be due to the
higher amount of oxidized phenol compounds formed when
high levels of green banana flour were used (Table 4). The
darkness of the crust and crumb for breads produced with
green banana flour could be a product of the Maillard re-
action between reducing sugars and proteins. Similar results
were reported by Mohamed et al. [23] for breads produced
with different levels of banana powder incorporation.

3.3. Sensorial Analyses, Blood Glucose Levels in Rats, and
Resistant Starch In Vitro Analyses. Statistical analyses
showed that flour substitution level had a more important
and significant effect on the physical responses evaluated,
while baking improver concentration, generally, had a
lower or insignificant effect. Therefore, to evaluate the
effect of the bread intake in terms of sensorial aspects and
blood glucose levels, as well as resistant starch in vitro, the
baking improver concentration was kept constant, with
only the flour concentration varied to better understand
the effect of flour concentration on the glucose levels after
bread intake.

3.3.1. Sensorial Analyses. Bread acceptance by consumers is
closely related to its texture, color, taste, and flavor, which
are critical quality attributes linked to baking process. In the
present study, the acceptability of bread formulated with
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concentration of 1g/100g of flour; corn flour 40% =bread produced with corn flour concentration of 40 g/100 g + baking improver
concentration of 1g/100g of flour; green banana flour 10% =bread produced with green banana flour concentration of
10g/100 g + baking improver concentration of 1 g/100 g of flour; and green banana flour 20% =bread produced with green banana flour
concentration of 20 g/100 g + baking improver concentration of 1g/100 g of flour.

corn and green banana flour was compared with the control
bread by sensory evaluation (Figure 3).

Samples formulated with corn flour at 20g/100g of
flour were accepted as similar to the control bread by the
consumers for flavor, color, taste, overall quality, and
purchase intention (Figure 3). Pducean and Man [27] re-
ported a similar trend, finding no significant difference
between the control bread and bread formulated with CF
up to 15g/100 g of flour. For bread formulated with corn
flour at 40 g/100 g of flour, the acceptance attributes gen-
erally received a lower score compared to the control bread
(Figure 3). However, they were still considered acceptable,
scoring 6 on a 9-point hedonic scale (the first score in the
“liking” category) as the commercial or quality limit [36].

Considering this criterion, the samples of bread formulated
with corn flour would be acceptable because all aspects
contributing to overall satisfaction scored higher than 6 on
the hedonic scale [24, 34].

For samples formulated with green banana flour at
10g/100g of flour, sensorial analyses also showed some
similarity to the control bread for flavor and texture (Fig-
ure 3), whereas bread composed of green banana flour at
20 g/100 g of flour was less appreciated by consumers, and all
attributes differed significantly from the control bread
(Figure 3).

The purchase intent scores of the bread control and the
bread formulated with corn flour at 20 g and 40 g/100g of
flour were 4.0, 3.9, and 3.1, respectively, indicating a high
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purchase intent for control bread and corn-wheat bread
formulated with 20g of corn flour/100g of flour. Similar
results were obtained for bread formulated with green ba-
nana flour.

These results highlight the commercial potential of bread
formulations incorporating 20% of corn flour and 10% of
green banana flour. Despite the fact that the bread produced
with 40% of corn flour and 20% of green banana flour re-
ceived lower scores, this product also represents a potential
product for consumers.

3.3.2. Blood Glucose Levels in Rats. Several studies have
reported in vitro procedures to simulate conditions in vivo
to measure starch hydrolysis. However, as explained by Asp
and Bjorck [37], the demarcation between available and
resistant starch could be influenced by different factors,
including incubation conditions. Therefore, the extent of
disintegration of the substrate presented to the small in-
testine, the enzyme levels, and the effects of gastrointestinal
transit are not totally imitated during in vitro measurements.
There is a lack of studies concerning the blood glucose levels
of processed foods made with corn or green banana flour, an
important parameter to be assessed before introduction of
such products into the diet.

The blood glucose levels after oral administration of
bread samples in rats are shown in Figure 3. Statistical
analyses showed a significant effect of time for all treatments,
as well as for the different treatments and groups. For the
control group, the blood glucose level increased after the
administration of bread, peaking at 60 min after adminis-
tration, and gradually decreasing thereafter. For the bread
with 10% of green banana flour, the blood glucose level
increased significantly at 30 min, peaked at 60 min, and
decreasing thereafter. However, the administration of bread
with 20% of green banana flour increased the blood glucose
levels at 30 min, maintaining this increased level over the
period of 60 min. Clearly, green banana-wheat bread quickly
increased the blood glucose levels, maintaining the high
levels for a longer time compared to control breads made
with only wheat flour, in a dose-dependent manner.

For the corn flour, bread with 20% of corn flour in-
creased the blood glucose levels at 30 min and at 60 min,
decreasing afterwards. However, no significant differences
were noted for bread with 40% of corn flour. Taken together,
these results indicate that the breads partially produced with
corn and green banana flour had a low capacity to reduce
blood glucose levels, rather they seem to accelerate the rate of
degradation compared to the control product (bread made
only with wheat flour).

Banana starch, raw, ie. uncooked, has been related to
resistant to enzyme-catalyzed hydrolysis. According to Brown
et al. [10], the cooking process could attenuate the ability of
high-amylose meals to reduce insulin concentrations in rats.
The increase of blood glucose levels of rats could be expected,
since resistant starch from these matrices, bread or meals as
proposed by Brown et al., due to the high temperature of the
oven (100°C) (or cooking process) and the high water content
of breads (44.9-51.8%, Tables 1 and 2), even after the baking
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TABLE 5: Resistant starch content of breads with partial wheat flour
replacement.

Bread formulation Resistant starch (g/100 g of DM)

Control 1.94 +0.46
Corn flour 20% 1.34+0.50
Corn flour 40% 2.57 +1.29
Green banana flour 10% 3.10+0.92
Green banana flour 20% 5.66 + 1.60

Control =bread produced with only wheat flour + baking improver con-
centration of 1g/100 g of flour; corn flour 20% = bread produced with corn
flour concentration of 20g/100g+baking improver concentration of
1g/100g of flour; corn flour 40% =bread produced with corn flour con-
centration of 40g/100 g + baking improver concentration of 1g/100g of
flour; green banana flour 10% =bread produced with green banana flour
concentration of 10 g/100 g + baking improver concentration of 1 g/100 g of
flour; and green banana flour 20% = bread produced with green banana
flour concentration of 20g/100g+baking improver concentration of
1g/100 g of flour.

(water content of crumb 43.2-45.7%, Tables 1 and 2), lose
their crystallinity and become therefore amorphous. The
amorphous structure of gelatinized starch enables greater
availability for the a-amylase enzyme activity, which in turn
makes this region more susceptible to enzymatic hydrolysis
[38]. Moreover, according to the hydrothermal conditions of
the baking process, bread and its different regions (crumb and
crust, for example) may contain fully gelatinized, partially
gelatinized, or ungelatinized starches [39]. Since gelatiniza-
tion occurs during bread baking, it may be suggested that
strategies that decrease gelatinization of the granules during
baking may result in breads with a lower degree of gelati-
nization, and thus lower digestibility.

However, the present study was the first to propose this
behavior for resistant starch from green banana and corn
flour after their use in bakery products [8, 40]. This dif-
ference could be attributed to the methodology of analyze, in
vivo and in vitro analyses were used in the present study and
in the cited literature, respectively; factors that affect starch
digestion in humans and animals are very difficult to be
reproduced in vitro [41]. Furthermore, the interactions may
exist between starch and other matrices nutrients.

Therefore, for food industry and health consumers, the
digestion performance of baked banana starch would be an
important strategy to be verified; once, human starch
consumption was much more important in these products
than that of raw starch. To the best of our knowledge, there
are no recent studies focusing on digestion properties of
baked banana flour, although older citations imply that it
may have a comparatively long digestion characteristic.
Therefore, it could be proposed that the baking process may
have led to increased amylose and amylopectin digestibility
of starch in breads. This is in accordance to Englyst and
Cummings [9] who proposed that the effect of slowly di-
gestible starch could be also influenced by baking conditions.

3.3.3. Resistant Starch. The substitution of wheat flour for
corn or green banana flour has changed the nondigestible
starch fraction in breads, depending on the level incorpo-
rated. Resistant starch content in bread, measured by in vitro
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analyses after cooling, drying, and mincing the samples, was
in a range of 1.9-5.7g/100g (Table 5). Breads formulated
with corn flour at 40% had slight improvement on resistant
starch compared to control sample, whereas at 20% no
increase was observed. Otherwise, breads formulated with
green banana flour exhibited marked and progressive im-
provement in resistant starch from 20% to 40%, which is in
agreement with the findings reported by Aziah et al. [42].
The high content of resistant starch of green banana flour
(Table 4), around 11 and 2.5 times higher than in wheat and
corn flour, respectively, was the main responsible for the
increment of resistant starch in green banana-wheat breads.
Theoretical content calculated in breads, taken into account
only flours as a source of resistant starch, were 1.3 (control),
2.0 (corn flour at 20%), 2.8 (corn flour at 40%), 2.5 (green
banana flour at 10%), and 3.8% (green banana flour at 20%).

When starch granules are gelatinized, they become easily
digestible, and it is widely known. However, when the food
matrix temperature cools down and starts aging, the starch
once more return in part to a crystalline configuration [43].
Therefore, it could be proposed that the level of resistant
starch determined in this study by in vitro analyses, probably
measured and sometimes “overestimated” the resistant
starch due the aging of the bread samples, which allows
amorphous structure of gelatinized starch to become again
crystalline. Furthermore, foods matrices with a specific
structure have the degree and amount of starch hydrolysis
right dependent on the mode of sample division, i.e., a
critical difference between in vivo and in vitro analyses [43].
Englyst et al. [43] evaluated the effect of mince and chewing
on the extent of starch to resist to hydrolysis for different
foods and observed that mincing gave higher results of
resistance to starch hydrolysis for all evaluated foods. For
example, using the in vivo method, 11%-12% of starch in
polished rice was measured as resistant starch, whereas only
1%-3% starch from polished rice fed to ileostomy subjects
was recovered in the effluent.

4. Conclusion

In recent years, the food industry has been engaged in
developing new technologies for new products or processes,
which diversify raw material choices, especially to enhance
nutritional characteristics, at same time retaining the quality
and competitiveness of the product. In this way, this study
showed that it is technologically possible to produce bread
with wheat flour replaced with corn (20%) or green banana
(10%) flour acceptable to consumers. Incorporation of high
levels of corn or green banana flours had a negative impact
on gluten network formation, gas retention, and final bread
quality. However, consumption of these breads gave rise to
different blood glucose levels in rats than those previously
reported, suggesting that the baking process may have led to
increased amylose and amylopectin digestibility of starch in
breads. Furthermore, the literature previously underlined
that the development of the porous structure of bread is
strictly connected to process. In this way, this study also
highlighted this lack and need for future investigation for
wheat flour substitution baked goods, in order to better
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understand mechanical properties formation and also
product digestibility.
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