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Abstract

The utilization of agricultural residues (ARs) has been involved in the bakery product,
particularly due to the functional ingredients of AR. The concept of glycemic index (GI) is
indicated to classify carbohydrate-based foods according to their postprandial glucose
response. Long term consumption of food with high GI will lead to the risk of chronic
disease. The objectives of this study are to investigate the effect of the substitution of AR
on the physical properties of dough and physicochemical and sensory properties of breads.
Spent soymilk (SS) and rice bran (RB) were used in this study. The results observed that
SS and RB contain high fiber ranging from 9.16 to 20.48% (d.b.). The stability and
extensibility of rheological properties of dough decreased with the increases of the
substitution of AR. The substitution of SS significantly decreased the volume and height
of bread but increased hardness and chewiness. The substitution of AR significantly
(p<0.05) reduced the value of estimated glycemic index (eGI) from 94.6 to 62.9.
Moreover, the breads containing 10%, 20% RB, and 10% SS were similar with the control
sample according to the result of sensory evaluation, which can be used to improve the

nutritional quality of bread.

1. Introduction

Agricultural residue (AR) is the by-products of food
manufacture that constituted an economic problem and
can lead to environmental problems. However, ARs
could also be considered as a promising source of
functional compounds (Redondo-Cuenca et al., 2008),
1.e., most are rich sources of fiber, minerals, and
phytochemicals (Martins et al., 2017). The applications
of AR in food production have been reviewed, such as a
food additive (Ayala-Zavala et al., 2011), as a substitute
of the ingredients in extruded snack (Grasso, 2020) and
in bakery products (Martins et al., 2017).

Bread has a good source of nutritional needs
(Carocho et al., 2020), but, starch, as the main
component, could potentially lead to a high value of
glycemic index (GI) of the product (Zabidi and Aziz,
2009). Long term consumption of high GI foods will
lead to the risk of chronic disease such as obesity,
cardiovascular disease, and type Il diabetes (Shumoy et
al, 2018). Meanwhile, consumption of dietary fiber and
resistant starch (RS) can help to decrease intestinal
transit time and increase stools bulk, as well as to reduce
total and/or LDL cholesterol levels of blood, and
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postprandial blood glucose level (Zabidi and Aziz, 2009;
Altuna et al., 2015). The addition of fiber and RS to
bread is expected to reduce the GI value of bread.

The addition of AR to bakery products has risen in
popularity due to its high composition of fiber and
nutritional functions to prevent chronic disease (Boukid
et al., 2019; Torbica et al., 2019; Wirkijowska et al.,
2020). For the recycling of ARs on the valued foods,
spent soymilk or rice bran can be recovered from spent
residues and become an important resource of additives
or ingredients of food products. Ktenioudaki and
Gallagher (2012) reported the composition of dietary
fiber in rice bran is up to 40%. Soybean residues contain
12.2-55.5% (dry basis) of crude fiber (Li ef al., 2013).
However, the addition of these fibers may cause a
significant effect on the quality of bread, particularly on
the physiological functions of bread (Sudha et al., 2007,
Rubel et al., 2015). The use of non-wheat flour can
interfere with the gluten network, resulting in a
weakened bread dough and deteriorating the quality of
bread (Millar et al., 2019). Therefore, the objectives of
this research were to study the influence of spent
soymilk (SR) and rice bran (RB) flour on the dough's
rheological properties and on the quality of bread.
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2. Materials and methods

2.1 Bread preparation

Fresh soy milk spent was offered by Mikely Food
Co., Ltd. (Taichung, Taiwan.). Fresh Soy Milk Spent
was dried in an oven dryer at 50°C for 10 hrs and
continually dried at 60°C for 14 hrs. Dried soy milk
spent was blended and sieved through 50 mesh. Rice
bran flour and wheat flour were purchased from Shan
Shui Me Co., (Miaoli, Taiwan) and Chyafa Enterprise
Co., (Taichung, Taiwan), respectively. Milk powder,
yeast, sugar salt, egg, and butter were purchased in local
supermarkets (Taicung, Taiwan).

Sugar, salt, water, egg, flour, milk powder, and yeast
were stirred well for 3 mins at a slow speed, then
continued at a medium speed for another 10 mins. Butter
was added and stirred at a slow speed for 3 mins and
continued at a medium speed for another 7 mins. The
dough was proved for 2 hrs. The dough was then baked
for 35 mins at 150°C (top side)/200°C (bottom side). The
ingredients for five types of the bread are shown in the
Table 1.

Table 1. Ingredients in bread making.

— o
2 2 _§ _g _¢g
Ingredients N S B X E S
o9, = g |72} |72}
& o n n
Wheat flour 880 792 704 792 704
Spent soymilk 0 0 0 88 176
Rice bran 0 88 176 0 0
Milk powder 35 35 35 35 35
Yeast 11 11 11 11 11
Sugar 88 88 88 88 88
Salt 13 13 13 13 13
Water 458 458 458 484 546
Egg 70 70 70 70 70
Butter 88 88 88 88 88

0%: 100% wheat flour (control), RB: rice bran flour, SS: spent
soymilk flour.

2.2 Dough rheological properties
2.2.1 Farinograph analysis

Farinograph analysis was determined by using
Brabender Farinograph-AT  (Duisburg, Germany)
according to AACC Method 54-21.02 (AACC, 2010a,
2010b). Samples were prepared by mixing wheat flour
with soy milk spent flour and rice bran flour at ratios of
100:0, 90:10, and 80:20 to 300.0 g and placed into a
Farinograph's mixing bowl. Appropriate amount of water
was continuously added until the curve levels off at a
value of 500 farinograph units (FU) on a centered curve
of 500+20 FU line.
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2.2.2 Extensograph analysis

Extensograph analysis was based on AACC method
54.10.01 (AACC, 2010a, 2010b) using Brabender
Extensograph-E (Duisburg, Germany). Dough samples
from the mixture of wheat flour, soy milk spent flour,
and rice bran flour (300.0 g), a 2% salt and optimum
water based on Farinograph testing were mixed in
Farinograph-AT to form dough. The cylinder dough was
placed into the Extensograph dough cradle, secured with
pins, and proved for 45, 90, and 135 mins at 30°C.

2.3 Chemical analysis of bread

The standard AACC (2000) was used to measure
moisture content (AACC 44-15A), ash (AACC 08-01),
crude fat (AACC 30-10), and crude fiber (AACC 32-10).
The crude protein content was analyzed by a nitrogen
analyzer LECO Truspec N (Michigan, USA). The total
starch (AACC Method 76-13.01) and resistant starch
(AACC Method 32-40.01) of the bread were measured
respectively by the Megazyme Total Starch and
Resistant Starch analysis kit (Wicklow, Ireland).

2.4 Physical properties of bread

The volume of the loaves was measured by a
rapeseed displacement method according to the AACC
10-05 (2000) by using a bread volumeter equipment.
Specific volume of the loaves was calculated from the
measured volume obtained by direct measurement.

Texture properties were measured by using a Texture
Analyzer TA-XT (England) including shear force and
texture profiles, i.e., hardness, adhesiveness, springiness,
cohesiveness, gumminess, chewiness, and resilience.

Colour of the crumb was measured by using a
SE2000 colorimeter (Tokyo, Japan) based on the Hunter
L, a, b scale. Each loaf was cut in a circle shape through
the middle of the loaf. The total colour difference (AE)
was calculated as follows:

8E = (L~ LP + (e — a7 + (be — by)?

Where c: the colour parameters of the control sample
and i: the colour parameters of the bread sample.

2.5 Estimated glycemic index

In vitro kinetics of starch digestion was determined
according to the modified method of Gofii et al. (1997).
Samples of bread (50 mg) were incubated in a shaking
water bath at 40°C for 1 hour with 0.2 mL pepsin
solution and 10 mL HCI-KCI buffer. After that, with tris-
maleate buffer (pH 6.9) volume was adjusted to 25 mL
and 5 mL of tris-maleate buffer containing 2.6 Ul a-
amylase was added. The sample solution was incubated
in a shaking water bath at 37°C. One mL of each sample
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was taken every 30 mins (0, 30, 60, 90, 120, 150, and

180). The o-amylase was inactivated immediately by
incubating at 100°C for 5 mins. A total of 3 mL of 0.4 M
sodium acetate buffer pH 4.75 and 60 pL
amyloglucosidase (AMG) were added, then the sample
was incubated at 60°C for 45 mins in a shaking water
bath. The volume was adjusted to 510 mL with distilled
water. Triplicated aliquots of 8 pL were incubated with
240 pL GOPOD in an oven at 50°C for 20 mins. Glucose
content was measured as mg of glucose x 0.9. The rate
of starch digestion was expressed as the percentage of
total starch (TS) hydrolyzed at different times.

The kinetics of in vitro digestion is determined by a
nonlinear model with a first order equation of C = Coo(1-
™), where C = percentage of starch hydrolyzed at time ¢
(min), Coo = equilibrium percentage of starch hydrolyzed
after 180 min, £ = the kinetic constant.

The area under the hydrolysis curve (AUC) was
calculated using the equation:

AUC = Coo(too-ty) - (Coo/k) [ 1-e(-k(to0-t5)]

Where foo = final time (180 min) and #, = the initial
time (0 min).

The in vitro GI was calculated by using the equation:
eGI=39.71 + (0.549xHI)
2.6 Sensory evaluation

Sensory evaluation of the bread was carried out by
using a nine-point hedonic scale (1 = dislike extremely; 5
= neither like nor dislike; 9 = like extremely) performed
by 13 semi-trained panelists (4 males and 9 females)
ranging from 20-30 years old. The panelist was trained
twice before the sensory evaluation held. They were
master students of Food and Nutrition Department,
Providence University, Taiwan. The evaluated sensory
attributes include golden brown colour, aroma,
tenderness, stickiness after chewing, and overall
acceptability of baked bread. The bread samples were
sliced mechanically (1 cm thick) and divided into three
parts prior to serving. The bread sample (encode) serving
order was randomized. Distilled water was used to clean
panelists’ palate.

2.7 Data analysis

The data were expressed as mean and standard
deviation by measuring at least triplicate, except for the
total starch and resistant starch content. Statistical
analyses were carried out with One-way ANOVA and
followed by Duncan’s multiple test (P < 0.05) using
software SAS University Edition (SAS Institute Inc.,
Cary, NC).
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3. Results and discussion

3.1 Dough rheological properties

Water absorption (WA) of dough with the
substitution of AR increased significantly (p<0.05) from
61.6% to 82.0% (Table 2). The increase of WA was
mainly attributed by the number of hydroxyl groups
presenting in fiber that led to a more interaction between
water and biomolecular activity. The increase of
competition between water and other polymers, such as
proteins and starch, could influence the water
distribution in dough (Khalid et al., 2017; Wirkijowska
et al., 2020). Moreover, the substitution of SS showed
higher WA as compared to the RB substitution, which
could be SS flour contained higher proportion of fiber
and a greater amount of protein in SS flour. Accordingly,
Kamble and Rani (2020) reported that SS possesses
geometric structures with some gaps. The gaps are in
charge of the high occurrence of permeable pores which
were responsible for high WA.

Table 2. Farinograph properties of dough substituted with AR.

AR Water Development Stability
substitution  absorption (%) time (min) (min)
0% 61.6+0.4¢ 7.9+0.2¢ 27.6+1.5°
10% RB 62.0+0.1¢ 9.4+0.2° 20.3+0.5°
20% RB 63.6+0.1¢ 11.3+0.2° 8.3+0.3°
10% SS 74.5+0.8° 8.440.3¢ 21.6£1.9°
20% SS 82.0+0.1° 15.4+0.1° 17.2+4.9°

Values are presented as meantSD (n = 3). Values with
different superscripts within the same column are statistically
significantly different (p<0.05). 0%: 100% wheat flour
(control), RB: rice bran flour, SS: spent soymilk flour.

The dough development time (DDT) increased
significantly (p<<0.05) with the increase of substitution of
both RB and SS (Table 2). The DDT significantly
increased by the increase of AR substitution (0-20%).
This could be due to the fiber content of RB and SS
leading to the increase of the time of dough
development. Martins et al. (2017) and Xing et al.
(2021) reported that neither due to the dilution and
hydration of gluten network, or presence of hydrophilic
components in AR, nor increment of fiber that led to a
greater number of hydroxyl groups available for
interaction with water through hydrogen bond during
dough development. Thus, the formation of hydrogen
bonds and electronic forces in the dough system increase
the DDT significantly.

Stability of dough (DS) in this study decreased
significantly with the increase of AR substitution
(p<0.05) (Table 2). Possibly, the AR components delay
the hydration and extension of peptides that lead to the
difficulties in the proper formation of the gluten matrix
during mixing (Wirkijowska et al., 2020). In general, DS

© 2023 The Authors. Published by Rynnye 1 yan Resourees.
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against mechanical factors could be decreased by
damages imparted to the gluten structure by adding any
fiber resource into the formulation of bread (Taghinia et
al., 2016). The substitution of 20% RB showed the
lowest DS. This phenomenon could be bran disrupted
and changed the protein secondary structure that

decreased gluten functionality.

Furthermore, these results meet the agreements with
Taghinia ef al. (2016) and Yaseen et al., (2009) that the
higher substitution of AR caused the lower DS.
However, there is no difference in the DS in the range of
10% and 20% SS substitution that could be due to a
small particle size of SS incorporated into the dough
formation. Chisenga et al. (2020) indicated that reducing
the particle size could strengthen the gluten network
resulting in longer mixing stability of the dough.

By the substitution of AR, all the parameter levels
decreased significantly (p<0.05) (Table 3). The
decreased values of E, Ex, and RE indicate either the
reduction of protein content due to the deficiency of
gliadin in RB and SS protein, or the decrease of protein
quality disrupted by the substitution of AR. Bagheri and
Seyedein (2011) and Yaseen et al. (2009) also observed
the decrease of extensograph parameters by the
substitution of RB and SS. On the other hand, the
incorporation of large amounts of soy products had
negative effects in gluten network formation,
extensibility properties, gas retention of dough, and final
bread quality (Yaseen et al., 2009). The results clarified
the substitution of SS showing the lower value of all
parameters. RE increased with the increase of time due
to a direct effect in decreasing extension capacity as well
as resistance to extension (Bagheri and Seyedein, 2011).
Meanwhile, the decrement in Ex can be due to the
increment of thiol group or a sulthydryl group (SH)
quantity, which oxidizes the dough with oxygen through
the mechanical action (Mohammed et al., 2012).
Mohammed et al. (2012) also reported the
transformation of SH-bonds in disulfide bond (SS-bond)
and this newly formed SS-bond managed to the
solidification (increased elasticity) of the gluten and the
dough.

Table 3. Extensograph properties of dough substitute with AR.
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3.2 Chemical properties of bread

Moisture content of bread increased significantly (p
< 0.05) from 37.2% to 41.8% by the substitution of AR
(Figure 1). Higher substitution of AR led to higher
moisture content in bread. Bread contained SS have a
higher moisture content rather than in RB bread, because
SS have higher fiber and protein content. Porcel ef al.,
(2017) reported the substitution SS in bread could lead to
the increase of moisture content due to the hygroscopic
nature in protein and fiber. Moreover, Zhao et al. (2021)
reported that the moisture content in soy product was
considerably higher than traditional wheat breads due to
the high-water holding capacity. Sharif and Butt (2006)
reported that RB contained more cellulose and non-
starch polysaccharides to hold water up to several times
of their weight.

43

42 a
41

40

39 - b b

38 g

37

36

35

34

0% 10% RB 20% RB 10% SS 20% SS

Y%water

Figure 1. Moisture content of bread with AR substitution.
Bars with different notations are statistically significantly
different (p<0.05) (n = 3).

The content of crude fat, crude fiber, and ash
increased with the increase of AR substitution in the
bread (Table 4) that meet the agreement of the previous
researches of Pauline ef al. (2020) and Porcel et al
(2017). Crude fat and crude fiber content increased from
11.2% to 16.3% from 1.6% to 5.0% respectively, with
the increase of AR in the ranges of 0-20%. Ash content
increased from 2.9% to 4.7%. Crude protein content
increased up to 16% in the substitution of SS, but
slightly decreased to 14.7% in RB substitution. However,
there was a slight decrease in crude protein for RB

AR Energy (cm?) Extensibility (mm) Resistance to Extension (BU)
substitution 45 90 135 45 90 135 45 90 135
0% 233+5% 203440 187+22° 17148 119415  109+2*  625+75°  1296+259°  1437+174°
10% RB 167+£13°  170£10°  159+4°  150+11°  107+6*  98+4®  585+9° 1149+45*  1330+122°
20% RB 82424 101+4° 97+5° 13344°  10542°  95+1°  3814+27° 709+52° 802+33°
10% SS 97+3¢ 90+7° 62429 13943 11643 11244 41948° 530+25° 400+18°
20% SS 2042° 23+1° 15+1°¢ 86+5¢ 77+7° 66+£4°  202421° 148+7° 75+12¢

Values are presented as meantSD (n =

3). Values with different superscripts within the same column are statistically

significantly different (p<0.05). 0%: 100% wheat flour (control), RB: rice bran flour, SS: spent soymilk flour.
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AR substitution Crude fat Crude fiber Ash Crude protein
0% 11.20+£0.39°  1.60+0.10° 2.9240.03°  15.25+0.18°

10% RB 13.44+0.34° 1.95+0.14¢ 3.81+0.09¢ 14.91+0.14¢
20% RB 16.32+0.92°  2.51+0.09° 4.7240.01*  14.69+0.11¢
10% SS 13.97+0.50°  3.27+0.26" 3.40+0.08¢ 15.50+0.07°
20% SS 16.01+£0.30°  5.01+0.49" 3.91+0.02°  16.04+0.17°

Values are presented as meantSD (n = 3). Values with different superscripts within the same column are statistically
significantly different (p<0.05). 0%: 100% wheat flour (control), RB: rice bran flour, SS: spent soymilk flour.

substitution which was also observed by Pauline et al.
(2020). The decrease of protein could be due to heat
treatment during bread production (Pauline ef al., 2020).

Total starch content of bread decreased significantly
(p<0.05) with the increase of AR substitution (Table 5).
Total starch of bread decreased with the decrease of total
carbohydrate from AR because of the lower starch
content in AR. Although the resistant starch (RS) content
seems to be varied among test samples, the substitution
of AR resulted in a slight decreases of RS content of
bread. Several factors, such as teat-moisture treatment
and amylose content, influenced the RS content of
starch. Eerlingen and Delcour (1995) reported that high
moisture content could gelatinize more starch and led to
more retrograded starch (RS type III). Moreover,
amylose content in bread is another factor to affect the
RS content (Eerlingen and Delcour, 1995).

Table 5. Total starch and resistant content in bread with AR
substitution (% dry basis).

AR substitution Total starch Resistant starch
0% 82.80+1.61% 1.95+0.25°
10% RB 76.30+0.27° 1.7340.01°
20% RB 71.67+0.71° 1.55+0.02°
10% SS 73.39+0.62° 1.58+0.04°
20% SS 60.40+4.33¢ 1.7240.26

Values are presented as meantSD (n

= 3). Values with

different superscripts within the same column are statistically
significantly different (p<0.05). 0%: 100% wheat flour
(control), RB: rice bran flour, SS: spent soymilk flour.

In bread itself, the RS; could be obtained because the
starch was encapsulated by the gluten network and led
into the ungelatinized starch (Roman and Martinez,
2019). That might be one of the reasons in the control
bread (0%) exhibited a higher content of RS. Normal
wheat used for making bread contained more amylose

(25%), compared to RB which contained only 5%
amylose (Fabian et al., 2011). These phenomena could
explain that higher substitution of RB decreased the RS
content. Meanwhile, the substitution of SS decreased the
RS as compared to the control. The higher substitution of
SS (20%) resulted in the higher RS of bread. This
phenomenon could be caused by the higher moisture
content in bread with 20% SS which led to more starch
gelatinization and produced the RS type III.

3.3 Physical properties of bread

Mass, volume, height, and specific volume (SV) of
bread with substitution of RB were not significantly
different (P<0.05) compared to the control (Table 6).
The bread volume, height, and specific volume
containing 10-20% SS significantly decreased (p<0.05).
Mass of bread with 10% SS substitution indicated
slightly heavier than the others that could be high water
retention of SS. Yaseen et al. (2009) reported that the
decrease of bread volume by SS substitution was due to
the dilution of gluten. Fiber was the dominant factor to
affect the physical properties of bread since fiber could
breakdown gluten networks (Porcel ef al., 2017). It can
be explained that the gluten networks have the ability to
retain the carbon dioxide produced by yeast during
fermentation and early stages of baking, which determine
the loaf volume (Huang et al., 2020; Chikpah et al.,
2021). However, SS and gluten in the bread were not
sufficiently hydrated and thus did not develop optimally
resulting in the decrease of bread volume (Pauline et al.,
2020). Therefore, an appropriate amount of substitution
AR could maintain the physical properties of bread. On
other hand, the substitution of RB showed no significant
difference (p<0.05) as compared to control.

The bread with the substitution of SS decreased the

Table 6. Physical properties of bread with AR substitution.

AR substitution Weight (g) Volume (cm’) Height (cm) Specific volume (cm’/g)
0% 482.79+1.13" 1800+50° 12.93+0.13° 3.73+0.10®
10% RB 480.79+1.18° 1833+76° 12.52+0.18% 3.81£0.15°
20% RB 484.45+1.12° 1690+66° 12.20+0.14° 3.4940.14°
10% SS 488.06+0.92° 1517+104° 10.06+0.67° 3.11£0.21°
20% SS 484.37+1.62° 733+76° 6.76+0.32¢ 1.51+0.16¢

Values are presented as meantSD (rn = 3). Values with different superscripts within the same column are statistically
significantly different (p<0.05). 0%: 100% wheat flour (control), RB: rice bran flour, SS: spent soymilk flour.
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height of bread, but there is no difference between the
control and the RB substitution in the height of bread
(Figure 2). Moreover, the substitution of RB
significantly increased the size of air bucket as compared
to control set (Figure 3). The bread incorporated with 10-
20% SS substitution also showed evenly distributed air
buckets similar with the control set. But, the structure of
bread with 20% SS substitution became more contiguous
and more compact than the other breads (Figure 3).
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10% SS

R

Figure 3. Slice of bread

The substitution of AR significantly decreased the
L* value (p<0.05) (Table 7). Meanwhile, the value of a*
(redness) and b* (yellowness) and AE (colour
differences) increased significantly (p<0.05). Porcel et
al. (2017) and Yaseen et al. (2009) reported the same
results for crumb appearance of bread containing SS that
was slightly darker (lower L value) and more red-yellow
colored (higher a* and b* values) than the control
sample. Yellow colour contribution might be due to rich
yellow pigments in SS, such as xanthophylls (Yaseen et
al., 2009). Ibidapo et al. (2020) reported higher b*
(yellowness) value found in bread with SS substitution
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that might indicate the existence of a high amount of
protein, which enhanced the Maillard and caramelization
reactions that were responsible for golden brownish
coloration and variety of colored compounds. While,
lower L* value in bread with substitution of RB could be
due to phenolic compounds in RB to exhibit a gray
colour to bread (Pauline et al., 2020). However, the
appearance of bread would depend on the nature of the
flour and the particle size substituted flour (Kurek et al.,
2017).

No significant differences were observed in
hardness, adhesiveness and gumminess among the AR
substitutions of breads (p<0.05) except for the 20% SS
(Table 8). The adhesiveness, gumminess, and chewiness
increased significantly different for the SS substitution,
but no different for RB substitution. Porcel ef al. (2017)
indicated the enriched bread with polysaccharides and
proteins in bread formulations increased the hardness of
the samples. Amylose and amylopectin matrix
interactions with gluten and fiber could be attributed to
the hardness parameter (Martins et al., 2017). The
increment value of hardness would lead to increment
value of gumminess and chewiness, but decrease the
value of cohesiveness. Furthermore, as reported by
Martins et al. (2017), the substitution of AR in bread
generally increased hardness and chewiness resulted in
the decrease of cohesiveness. As shown in Table 8§,
cohesiveness and resilience of bread decreased
significantly (p<0.05) by the substitution of AR.
Springiness, cohesiveness, and chewiness were affected
by interactions between gelatinized starch and gluten
dough that created elastic dough and formed bread
sponge structure after heating (Martins et al., 2017).
However, no difference was observed in the texture
profile of substitution of 10% RB bread.

Table 7. Colour properties of the bread with AR substitution.

Bread L* a* b* AE
0% 80.26+0.18"  1.65+0.04%  21.97+0.12°  0.00+0.00°
10%RB  71.83+0.10%  3.14£0.01° 24.17+0.02°  8.84+0.10°
20%RB  65.66+0.22°  4.27+0.01*  24.93+0.05* 15.13+0.22°
10% SS 78.84+0.20°  2.47+0.03°  22.70+0.08%  1.80+0.19¢
20%SS  72.29+0.14°  4.26+0.03*  23.37+0.09°  8.50+0.14°

Values are presented as meantSD (n =

3). Values with different superscripts within the same column are statistically
significantly different (p<0.05). 0%: 100% wheat flour (control), RB: rice bran flour, SS: spent soymilk flour.

Table 8. Texture profile of bread with AR substitution.

AR substitution  Hardness (g) Adhe(sgl:)e ness Springiness  Cohesiveness Gumminess Chewiness  Resilience
0% 313+45° -0.83+0.53° 0.93+0.00°  0.69+0.01° 2164+29° 201+26° 0.25+0.01°

10% RB 284+29° -0.4240.33° 0.94+0.02°  0.70+0.01° 200+23° 188+24°¢ 0.25+0.02°
20% RB 354+28° -1.23+0.54° 0.84+0.04°*  0.62+0.03° 218+ 7° 184+3° 0.19+0.01°
10% SS 616+60° -0.74+0.08° 0.88+0.02%  0.65+0.01° 398+45° 351+46° 0.22+0.01°
20% SS 2755+541° -7.97+1.06° 0.83+0.07°  0.53+0.01° 14524323% 11954164  0.15+0.01¢

Values are presented as meantSD (rn = 3). Values with different superscripts within the same column are statistically
significantly different (p<<0.05). 0%: 100% wheat flour (control), RB: rice bran flour, SS: spent soymilk flour.
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Shear force of bread is the interpretation of the force
needed to chew the bread. Higher value of shear force

a indicated a harder and stickier texture profiles in the

bread. The shear force increased significantly with the
increase of SS substitution (p<0.05), but not found in the
bread with RB substitution (Table 9).

Table 9. Shear force of bread with AR substitution.

AR substitution Shear work (g.s)
0% 2957+ 119°
10% RB 2904+202°
20% RB 31314263°
10% SS 5223+398°
20% SS 5629+402°

Values are presented as meantSD (n = 3). Values with
different superscripts within the same column are statistically
significantly different (p<0.05). 0%: 100% wheat flour
(control), RB: rice bran flour, SS: spent soymilk flour.

3.4 Estimate glycemic index

The EGI value of bread significantly decreased with
the increase of the proportion of AR substitution (Table
10). The lower GI in both substitution RB and SS could
be due to the high content of fiber. The IDF is the
primary component of fiber in RB and SS. Thus, the IDF
might contribute to the low EGI of these foods.
Encapsulation of nutrients inside plant cell walls in fiber
could prevent starch digestion, for the further decrease of
the GI (Zabidi and Aziz, 2009). Low GI in SS products
could be due to the high galacturonic acid content of SS
fiber (Kamble and Rani, 2020). Nevertheless, a high-
protein diet might be beneficial for people with diabetes
(Li et al., 2012). Low-GI diets might have implications
in the prevention and management of chronic diseases
like type 2 diabetes, coronary heart disease or some
cancers (Li, Qiao and Lu et al., 2012). Moreover,
compared to IDF, soluble dietary fiber (SDF)
demonstrated more effect to decrease eGI value. SDF
reduced the dietary carbohydrate absorption rate by
forming a viscous gel in the small intestine, hence
reducing postprandial blood glucose response (Lu et al.,
2013). The SS samples showed higher SDF than the RB
samples, which could lower EGI of bread by substitution
of SS.
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Table 10. Estimated glycemic index (eGI) of bread with AR
substitution.

AR substitution eGI
0% 94.61°
10% RB 87.65+0.35"
20% RB 62.92+1.73¢
10% SS 73.5340.63¢
20% SS 64.73+2.57¢

Values are presented as mean+SD (n = 3). Values with
different superscripts within the same column are statistically
significantly different (p<0.05). 0%: 100% wheat flour
(control), RB: rice bran flour, SS: spent soymilk flour.

3.5 Sensory acceptance

The results of sensory evaluation of bread with AR
substitution were presented in Table 11. The bread
incorporated with RB significantly increased the golden-
brown colour and stickiness. The bread with SS
substitution decreased the tenderness but increased the
stickiness with the increase of SS substitution proportion
(0-20%). However, no difference was found in aroma
among the different AR substitutions. The overall
acceptability of test breads indicated the control set is
significantly higher than both RB an SS substitution
(p<0.05). Moreover, the similar acceptance to the bread
with both 10% SS and RB was found that closed to
control bread. The bread contained 20 % SS showed the
lowest acceptability in the score of 2.92, where the score
of 3 indicates a dislike moderately. Therefore, the bread
with 20% SS substitution is unacceptable, which could
be due to the weak aroma, less tenderness, and strong
stickiness of baked goods.

4. Conclusion

The substitution of RB and SS significantly
decreased the dough quality by decreasing dough
stability and extensibility due to the lack of gluten
content. However, the substitutions of AR showed
increasing nutritional values of bread in both crude fiber
and crude protein. The SS substitution decreased the
appearance of bread, particularly in volume and height.
The bread incorporated with 10% RB indicated
indifference in all texture parameters as compared to the
control set. The value of estimated glycemic index (EGI)
significantly decreased in both RB and SS substituted

Table 11. Hedonic score of panelists on the bread with AR substitution.

AR substitution Colour Aroma Tenderness Stickiness Overall acceptability
0% 4.92° 5.15° 4.85° 4.77° 7.69°
10% RB 6.77° 3.92® 4.92° 5.31° 5.08"
20% RB 7.23° 4.00™ 4.85° 5.69° 4.46°
10% SS 4.77° 4.38%® 3.54° 5.62° 5.69°
20% SS 4.08° 3.46° 1.92° 7.15° 2.92¢

Values are presented as meantSD (n =

3). Values with different superscripts within the same column are statistically

significantly different (p<0.05). 0%: 100% wheat flour (control), RB: rice bran flour, SS: spent soymilk flour.
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breads. The substitution of RB and SS in bread decreased
the overall acceptability as compared to the control
sample. Nevertheless, from the viewpoint of the benefit
of health, the substitution of RB and SS can be used to
improve the nutritional quality as well as to enhance the
valued foods from the agricultural residues. More
investigation will be needed to prevent the decrease of
physical quality of bread.
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