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Abstract This study aimed to develop a gluten-free
cracker by substituting wheat flour (WF) with riceberry
flour (RB) combined with cheese’s milk proteins to replace
gluten. The effect of substitution of WF with RB at 50 and
100% (RB50 and RB100, respectively) on cracker prop-
erties were evaluated. The results showed that water
activity, hunter colour value (L*), hardness, and thickness
decreased with an increase in the RB content. This related
to a compact structure and a weaker crystallinity of RB
cracker when compared with WF-based cracker. The sub-
stitution of WF with RB50 and RB100 in cracker signifi-
cantly (P < 0.05)increased the phytochemical content
resulting in increased antioxidant properties.The synergis-
tic effect of the bioactive compound of RB and the
bioactive peptides originating from cheese’s milk proteins
on antioxidant capacity was observed under simulated GI
digestion. The greatest increase in the ABTS®" radical
scavenging activity and reducing power was observed in
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the RB100 cracker at the intestinal digestive phase with the
values of 15.74 + 0.27 and 3.70 £ 0.06 mg Trolox eq./g
sample, respectively. The results suggest that the substi-
tuted 100% RB combined with cheese’s milk proteins have
a potentiality to be developed into a novel gluten-free
product with enhanced antioxidant properties.

Keywords Antioxidant activity - Riceberry flour - Cheese -
Cracker - Gastrointestinal transit

Introduction

Crackers are low-moisture baked products made with soft
wheat flour which are highly consumed worldwide. How-
ever, they are high in calories but low in nutritional value
because they usually contain high levels of rapidly
digesting carbohydrates, low levels of fibre, and high fat
content (Giarnetti et al. 2015). Moreover, coeliac disease
patients who are suffering from gluten intolerance are
unable to consume them. Thus, food manufacturers try to
develop gluten-free (GF) products and also fortify them
with bioactive compounds that have high antioxidant
properties in order to improve the nutritional value and
health benefits of the products (Mir et al. 2017). Dark-
coloured rice is one of the most suitable cereal crops for
gluten-free and functional food products because it lacks
the prolamine and contains high amounts of phytochemical
compounds, especially anthocyanin as a major active
compound for antioxidation resulting in improved health
benefits (Sompong et al. 2011; Settapramote et al. 2018).

Riceberry rice (Oryza sativa L.) is a Thai dark purple
rice which has been reported to be a good antioxidants
source because it contains high levels of phenolic com-
pounds, with anthocyanins and proanthocyanins as the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-021-04978-w&amp;domain=pdf
https://doi.org/10.1007/s13197-021-04978-w

2826

J Food Sci Technol (July 2021) 58(7):2825-2833

major compounds (Yodmanee et al. 2011). Nowadays, an
anthocyanin-enriched riceberry rice is one of the most
popular rice types among consumers because it has shown
health-promoting properties including anti-inflammation
(Min et al. 2010), cholesterol and LDL reduction (Zawis-
towski et al. 2009), anti-AGEs activity (Daiponmak et al.
2014), antioxidant effects and inhibiting the growth of
cancer cells (Chen et al. 2006). Riceberry flour (RB) has
been used as a raw material to increase nutrient density in
many food products such as bread (Thiranusornkij et al.
2019), noodles (Thao and Niwat 2017), and biscuits
(Klunklin and Savage 2018a) which showed the increase of
bioactive compounds such as total phenolic compounds,
total anthocyanins and antioxidant activities. Thus RB,
being naturally gluten-free, has often been proposed to
improve the nutritional value and quality of food products
for celiac patients and consumers who are health conscious.
However, the elasticity, consistency and viscosity of the
dough formation and the quality of the product obtained
from gluten in wheat cannot be produced by the rice pro-
tein, which has a profound impact on the physicochemical
properties (Klunklin and Savage 2018a).

Many studies have investigated the addition of protein in
gluten-free products in order to improve the physico-
chemical properties and nutritional value (Nammakuna
et al. 2015). Cheese is a dairy product derived from milk; it
contains caseins and whey proteins as the major milk
proteins. These proteins have highly functional properties
for food processing such as emulsification, water-holding
capacity, foaming, thickening and gelling characteristics
(Meza et al. 2009). Moreover, they have high nutritional
values and the bioactive peptides encrypted in their
sequences have been a particular focus as an antioxidants
source (Corrochano et al. 2019).

Despite much research into gluten-free baked products,
an understanding of the effects of the combination of rice
flour and milk protein to overcome the limitations of the
absence of gluten protein in rice flour on cracker properties
is still needed. In addition, most studies present antioxidant
activities of rice flour-based products, but there are no
studies concerning the effects of digestive conditions on
those activities. Therefore, this study aimed to study the
effects of riceberry flour combined with cheese’s milk
protein on the physicochemical, microstructure, sensory
evaluation, and antioxidant properties under in vitro gas-
trointestinal digestion of the produced crackers.
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Materials and methods
Materials

Ricebery rice flour (RB) was purchased from a local
supermarket and cottage cheese with a protein content of
12.5% was made from raw cow milk (the protein content
was measured according to AOAC (2000)). Porcine pepsin,
porcine pancreatin, 2,4,6-Trinitrobenzenesulfonic acid
(TNBS), 2, 2'-Azino-bis (3-ethylbenzothiazoline-6-sul-
fonic acid) (ABTS), 2, 4, 6-tripyridyl-s-triazine (TPTZ),
cyanidin-3-glucoside (C3G) and 6-hydroxy-2, 5, 7, 8-
tetramethylchroman-2-carboxylic acid (Trolox) were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of cracker

Different formulations of crackers were obtained by mak-
ing composite flour with riceberry flour (RB) and/or wheat
flour (WF). The control cracker contained wheat flour
(40 g), sugar (14.4 g), sodium bicarbonate (0.5 g), salt
(0.6 g), oat (12 g), rice bran oil (2 g) and water (10.5 g).
Riceberry flour was used to substitute 50 and 100% (w/w)
of wheat flour, assigned as RB50 and RB100, respectively.
All formulations were supplemented with cottage cheese
(20 g). All the ingredients were mixed by a mixer at speed
2 for 4 min. Subsequently, the dough was allowed to rest
under ambient conditions for 30 min and then the cracker
dough was flattened to a thickness of 3 mm and was then
cut out to rectangular shape of 3 x 6 cm by a sharp knife.
Then, they were baked at 150 °C for 15 min. After cooling
for 1 h, crackers were packaged in sealed air-tight plastic
bags under ambient conditions until analysis.

Proximate composition

Cracker were analysed for nutritional composition includ-
ing moisture, ash, fat, and crude protein according to
AOAC (2000). The content of total carbohydrates was
determined by subtracting the moisture, ash, fat, and crude
protein content from the total matter.

Phytochemical composition
Total phenolic compound content

Total phenolic compound content (TPC) was measured by
the method of Matthédus (2002) with some adaptations. One
hundred microliter of the sample was mixed with 2 mL of
2% Na,COs, followed by standing for 2 min. Then, 100 pL
of Folin—Ciocalteau reagent that was diluted with methanol
(1:1) was added. The absorbance was measured at 750 nm
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after allowing to stand at room temperature for 30 min.
TPC content was calculated based on the gallic acid stan-
dard curve and was expressed as micrograms of gallic acid
equivalent per gram of sample (ug GAE/ g sample).

Total anthocyanin content

The total anthocyanin content (TAC) in the cracker was
measured by using a pH differential method. The sample
was added to two buffer reagents that were 0.025 M
potassium chloride; pH 1.0 and 0.4 M sodium acetate; pH
4.5. The absorbance of the sample was measured at 510 nm
and 700 nm and was then calculated using Eq. (1). The
content of total anthocyanin was expressed as microgram
cyaniding-3-glucoside per gram sample (ng C3G/g).

A = (Asio — A700),1.0 — (As10 = A700) 145 (1)

Gamma-aminobutyric acid (GABA) content

The GABA content of the crackers was evaluated by a
method described by Karladee and Suriyong (2012) with
some modifications. One gram of sample was dissolved
with 80% ethanol (1:4), followed by mixing. Then, 1 mL
of the filtered sample was boiled at 80 °C in a water bath to
evaporate the ethanol. To the sample, 0.5 mL distilled
water was added, and then centrifuged at 10,000 rpm for
10 min. The top portion of supernatant was separated and
evaporated. Then, 0.2 mL of 0.2 M borate buffer and
1.0 mL of 6% phenol were added, followed by mixing and
cooling on ice for 5 min. Afterwards, 0.4 mL of 10%
NaOCl was added and mixed for 1 min, followed by
standing on ice for 5 min. The solution was then boiled for
10 min. The absorbance was measured at a wavelength of
630 nm. GABA content was calculated and expressed as
micrograms of GABA per gram of sample (ug GABA/ g
sample).

Physical properties

The physical properties of the crackers were evaluated
including the thickness, colour, water activity (a,) and
texture characteristics. Thickness of crackers was measured
by a vernier calliper in six replicates for each batch. Water
activity of the crackers was determined using an AQUA-
LAB instrument (Series 3, Decagon, USA), calibrated in
the range 0.1-0.95 with distilled water. The L*, a* and b*
colour values of the different crackers were measured using
a colourimeter (Labscan, XE, Hunter Lab. Inc., USA) with
L*a*b* scale coordinates. The texture analysis of the
samples was performed by the three-point bending test
using a TA-XT plus texture analyser (Stable Microsystems,

Godalming, UK). The test speed was fixed at 1 mms™~'. The
force exerted on the sample was recorded. The hardness’
(maximum height of the force peak on the first compres-
sion cycle) measurements were taken after 1 day of stor-
age. An average of six values was taken for each set of
samples.

Scanning electron microscope (SEM)

The cracker’s microstructure was analysed using a scan-
ning electron microscope (FEI Quanta 250). Prior to the
SEM measurement, the crackers were dried at 50 °C and
kept in a desiccator until further use. Crackers were
mounted on a slide and separately placed on a sample
holder using double-sided scotch tape and afterwards were
placed on to a microscope. The microstructure of samples
was observed under high vacuum at an accelerating voltage
of 10 kV.

X-ray diffraction (XRD)

The X-ray diffraction patterns of the crackers were carried
out by using an X-ray diffractometer (D8 Advance, Bruker,
Germany) at the operating voltage and current of 40 kV
and 30 mA, respectively. The diffraction intensities were
swept on the cracker between 10 and 30° (20) at a scanning
rate of 0.1 min~" with a step size of 0.05°. The crystallinity
degree was calculated as the ratio of the area under each
crystalline peak to the total area under the XRD pattern.

In vitro pepsin—-pancreatin simulated
gastrointestinal (GI) digestion

Cracker samples were subjected to in vitro simulated gas-
trointestinal digestion conditions as described by Helal and
Tagliazucchi (2018) with some adaptations. In the gastric
phase simulation, the pH of the samples was adjusted to 2.5
with 0.5 M HCI. Pepsin was added to the samples (2000 U/
mL), followed by incubation at 37 °C for 2 h. Afterwards,
the sample was subjected to the simulated intestinal phase.
The pH of the sample was adjusted to 7.5 with 20% Na,.
COj; and then pancreatin and bile salts were added (final
concentration: 0.8 g/ and 10 mM, respectively), followed
by incubation at 37 °C for 3 h. Aliquots of the samples
were collected before and after each simulated digestive
phase for determination of a-amino acid and antioxidant
activity. To terminate the digestion, the aliquots of the
samples were boiled for 10 min, followed by cooling at
room temperature. The sample was then centrifuged at
11,000 g for 15 min. The supernatants were collected and
stored at 4 °C until use.
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Determination of a-amino acid content

The a-amino acid content of crackers under simulated GI
tract was determined by TNBS (2,4,6-Trinitrobenzenesul-
fonic acid) method of Adler-Nissen (1979) with some
modification. Initially, fifty microliters of each sample
were mixed with 0.5 mL of 0.2125 M phosphate buffer;
pH 8.2 and 0.5 mL of 0.005% TNBS reagent. The reaction
was then incubated at 50 °C for 1 h. One mililiter of 0.1 M
HCI was added to terminate the reaction, followed by
cooling at room temperature for 30 min. The absorbance
was monitored at 420 nm. The results were expressed as
milligram leucine equivalent per gram of sample.

Determination of antioxidant activities

ABTS®" radical cation scavenging activity assay.

The ABTS®" radical cation scavenging activities of the
samples were determined as described by Wiriyaphan et al.
(2012). Briefly, 20 pL of samples were added to 1.980 mL
of diluted ABTS®* radical cation solution. The mixture
was shaken for 30 s and left in the dark for 5 min. The
absorbance of the solution was measured at 734 nm. The
degree of ABTS®" radical cation scavenging activity of
samples was expressed as milligram trolox equivalent per
gram of sample.

Ferric reducing antioxidant power (FRAP) assay

The FRAP assay of samples was determined by the method
of Wiriyaphan et al. (2012) with a slight modification. One
millilitre of FRAP reagent and 0.1 mL of samples were
added, immediately followed by mixing. The absorbance
was measured at 593 nm after standing at 37 °C for
20 min. The ferric reducing antioxidant power of the
samples was expressed as microgram trolox equivalent per
gram of sample.

Sensory evaluation

A total of 40 volunteering, untrained panellists participated
in the test. All were recruited among the staff and student
population of the Rajamangala University of Technology
Isan. All panellists declared no food allergies. The panel-
lists were instructed to rinse their mouths with water
between samples. For each sample, the panellists were
asked to rate their preference for its colour, odour, taste,
texture, and overall acceptability on three separate 9-box
structured hedonic scales, where 1 = extremely dislike and
9 = extremely like.

@ Springer

Statistical analysis

All analyses and enumerations were replicated at least
three times. The data were subjected to statistical analysis
by one-way ANOVA, using a complete randomized design
and sample difference was analysed by Duncan’s Multiple
Range Test (DMRT). The level of significance was
assigned at P < 0.05.

Results and discussion

The nutritional compositions and calories of cracker are
presented in Table 1. The incorporation of RB at 50 and
100% significantly increased ash, fat, and total carbohy-
drate contents while crude protein content decreased
(P < 0.05) when compared with WF-based cracker. This
high carbohydrate content may be attributed to low mois-
ture content and higher calories in RB50 and RB100
cracker.

Phytochemical content

The results showed that the TPC, TAC and GABA contents
significantly (P < 0.05) increased when the incorporation
of RB increased (Table 1). The substitution of WF with
100% RB exhibited the highest values of TPC
(812.7 £ 7.4 pg GAE/g), TAC (387.7 = 7.5 pg C3G/g),
and GABA content (224.1 £+ 354 ng GABA/g). The
results indicate that RB exhibited a higher potential source
of bioactive compounds than wheat which resulted in
enhanced antioxidant activity. These results are similar to
previous studies supporting that RB contains significant
amounts of total phenolic compounds unlike white rice or
wheat, in which the main compound has been reported as
anthocyanins (Sompong et al. 2011). Kittibunchakul et al.
(2017) analyzed the GABA content of RB by HPLC which
exhibited the GABA content at 8.59 = 1.51 mg GABA/
100 g dry weight. The application of RB in food products
caused increased amounts of TPC, TAC, and GABA
resulting in enhanced antioxidant activity which was
observed in foods such as noodles (Thao and Niwat 2017),
and biscuits (Klunklin and Savage 2018a).

Physical properties of cracker

The physical properties of cracker are an important char-
acteristic in determining consumer acceptance. The phys-
ical characteristics (colour, a, thickness and texture) of
crackers incorporated with RB and WF are shown in
Table 2. Significant differences among crackers (P < 0.05)
were observed in all physical parameters. The colour
testing of crackers revealed that the lightness (L*), redness
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Table 1 Proximate .
.. . Formulation

compositions, calories and

phytochemical content of the WE RB50 RB100

cracker containing different

levels of riceberry flour Proximate composition (% dry basis)
Moisture 11.79 £ 0.93° 5.87 £ 0.06* 5.71 £ 0.02*
Ash 2.13 + 0.08* 2.24 4 0.03° 2.28 + 0.01°
Fat N8 10.71 £ 0.18 11.55 + 0.36 10.83 &+ 1.07
Crude protein 13.35 £ 0.71° 11.33 + 0.04* 11.61 + 0.23*
Total carbohydrate 62.03 + 0.98* 69.01 + 0.39° 69.57 + 1.07°

Calories (kcal/100 g)
Phytochemical content

TPC content (ng GAE/g)

TAC (ng C3G/g)

GABA content (g GABA/g)

397.87 + 2.70*

292.7 £+ 14.8°
N.D
76.4 £ 17.0°

42535 + 1.78°

7475 £ 6.7°
70.9 + 1.4°
150.0 &+ 11.1°

42224 + 5.22°

812.7 £ 7.4*
387.7 £ 7.5*
224.1 + 35.4°

WE: Wheat flour; RB50: 50% Riceberry flour; RB100: 100% Riceberry flour; N.D.: not detected
Values are expressed as mean =+ standard deviation (n = 3)

Means in each row with different letters were significantly different at P < 0.05
NS were none significantly different (P > 0.05)

Table 2 Physical and textural characteristics of the cracker containing different levels of riceberry flour

Formulation Thickness(mm) Hardness (N) ay, Colour

L* a* b
WF 6.3 £ 0.42° 237 + 0.2° 0.61 + 0.00° 59.86 + 0.26* 8.42 + 0.02* 14.62 £+ 0.14*
RB50 5.2 + 0.30° 6.7 + 0.4° 0.41 £ 0.00° 48.68 + 0.64° 6.82 + 0.07° 6.66 + 0.30°
RB100 3.5 £ 0.18° 23 £ 0.5° 0.40 £ 0.01° 42.23 £ 0.05° 7.53 £ 0.03° 3.22 4+ 0.14°

Values are expressed as mean =+ standard deviation (n = 6)

Means in each column with different letters were significantly different at P < 0.05

(a*) and yellowness (b*) values significantly decreased
with an increase in RB levels (P < 0.05). This was affected
by the natural colour of riceberry rice that has been shown
to have high anthocyanin pigment resulting in darkening of
the crackers. Sirichokworrakit et al. (2015) and Klunklin
and Savage (2018b) reported similar effects on riceberry
noodles and biscuits, respectively. Water activity (ay)
affects the shelf life of the products. The values of a,, found
in this work ranged from 0.4 to 0.6, which reduced the
possibility of microbial proliferation, thus indicating a long
shelf life of the products. The highest value was found in
WEF-based cracker (0.61) while the lowest value of a,, was
detected in the cracker mixed with RB (0.40). The thick-
ness of crackers decreased with an increase in RB content
when compared to WF-based control cracker (Table 1).
Similarly, the study of Klunklin and Savage (2018b) on the
physicochemical properties of purple rice biscuits indicated
that the incorporation of purple rice flour affected the
thickness due to the protein contents where the thickness of
biscuits decreased with a decrease in protein content. For

the texture characteristics, the hardness confirmed that as
the incorporation of RB increased, the hardness decreased
substantially. All crackers that incorporated RB required
significantly less force to snap than did the control.
According to the texture of the cracker incorporated with
RB, it was crumbly, brittle, and had low expansion. This
was due to rice flour lacking gluten which is the most
important protein contributing to water retention, formation
of elastic structures that entrap air and expansion of dough
and the end products (Sivaramakrishnan et al. 2004;
Nammakuna et al. 2009; Yeboah-Awudzi et al. 2018).
Even the addition of milk protein from cheese to replace
the gluten did not have an effect on improving texture in
RB-based cracker. This may be due to the higher per-
centage of protein in the dough lowering its hydration,
leading to a crumbly texture (Maache-Rezzoug et al. 1998).
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Microstructure of cracker

In order to investigate the microstructural changes of
crackers corresponding to that of the physical properties, a
surface and cross-sectional analysis of the cracker was
observed using SEM. Compared with RB-based cracker,
WF-based cracker showed a certain roughness on dry
surface as shown in Fig. 1a, b and c. For the cross-section
morphology, the WF-based cracker revealed many large
pores and much larger starch granules, when the

substitution percentage of WF for RB increased, samples
were more compact and showed a finer structure (Fig. 1d, e
and f). These findings were consistent with the results of
physical properties that riceberry incorporating cracker
exhibited the least expansion and decreased hardness. This
result is due to an essential structure-building protein of
gluten in wheat flour which can help entrap gas in the
dough resulting in larger gas bubbles, but lacked in rice
flour (Nammakuna et al. 2015; Yeboah-Awudzi et al.
2018). This observation is similar with Jiamjariyatam

Fig. 1 Microstructure of crackers from those of riceberry flour (RB) and wheat flour (WF) control. a—c represented the surface of crackers
incorporated with WF, RB50, and RB100, respectively. d—f represented the cross-section of crackers with the same formulations, respectively

Fig. 2 XRD pattern with the
crystallinity degrees of riceberry
flour (RB flour), wheat flour
(WF flour), WF, RB50, and
RB100 cracker. Data in brackets
indicate the degree of
crystallinity (%)

Relative intensity

WF flour (26.14)
—RB flour (16.82)
—WF (9.43)
—RB50 (8.91)
—RB100 (5.38)

10
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(2019) who observed that the morphology of puffed
crackers was more compact and with more homogenous air
cell walls when the RB percentage was increased.

XRD analysis

Crystallinity is one of the factors that affect the physical
properties of foods. To examine the influence of substitu-
tion of WF with RB on the crystallinity of the cracker,
X-ray diffraction analysis was investigated. The X-ray
diffraction patterns of unbaked WF and RB flour exhibited
a typical A-type XRD pattern with the diffraction peaks at
20 = 15°, 17°, 18° and 23° (Fig. 2), which corresponds
with that of cereal starches (Thuengtung et al. 2019). The
crystallinity of WF was significantly higher than RB. After
the baking process, A-type crystallinity of all crackers was
almost completely destroyed, indicating that the baking
process destroyed the crystalline structure of the starch
granules. The crystallinity of all crackers considerably
decreased with an increase in RB content with the RB100
cracker showing the lowest of crystallinity degree (5.38%).
These results suggest that the changes in the crystalline
structure of WF and RB flour due to the baking process
contributed to the physical properties such as thickness and
hardness. These results are consistent with the
microstructure results that RB incorporated cracker showed
a finer structure which was more homogenous leading to
the different physical properties of the cracker.

Antioxidant activity of cracker under simulated GI
digestion

Inclusion of in vitro findings would help to better under-
stand the properties of RB and cheese’s milk protein as a
potential antioxidant source for products. The a-amino acid
content of crackers significantly increased with increasing
order of the simulated GI digestive phases (P < 0.05), as
shown in Fig. 3a. This finding suggested that peptide bonds
of protein-fortified crackers were broken with pepsin into
smaller fractions and the pancreatin may future hydrolyse
some of the peptides being more completely broken down
and possibly amino acids (Corrochano et al. 2019). As
shown in Figs. 3b and c, in vitro simulated GI digestion
modified the antioxidant capacity. All methods revealed
that the substitution of WF with RB considerably enhanced
antioxidant properties in crackers with increased levels of
RB (P < 0.05) which strongly related to the phytochemical
content. The greatest increase in the ABTS"" radical cation
scavenging activity and reducing power was observed after
the incorporation of RB100 at the intestinal digestive phase
with the value of 15.74 £ 0.27 and 3.70 &+ 0.06 mg Trolox
eq./g sample, respectively. These results might have been
influenced by the high amount of phenolic compounds,

especially anthocyanins (cyanidin-3-glucoside, pelargoni-
din-3-glucoside), vitamin E and y-Oryzanol in RB, which
have strong antioxidant effects (Yodmanee et al. 2011;
Settapramote et al. 2018). These compounds are able to
capture free radicals by the donation of phenolic hydrogen
atoms, leading to its antioxidant activity (Chen et al. 1996).
The trend of antioxidant activity of enriched RB-based
products was similar to other studies, such as in the noodles
(Sirichokworrakit et al. 2015), bread (Thiranusornkij et al.
2019), and biscuits (Klunklin and Savage 2018b) which
showed the increase of bioactive compounds such as total
phenolic compounds, total anthocyanins and antioxidant
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Fig. 3 o-amino acid and antioxidant activity of crackers, changes in
a-amino acid (a), ABTS radical scavenging activity (b), and ferric
reducing antioxidant power (c¢) of crackers during order in vitro
gastric and intestinal conditions Data are expressed as mean =+ stan-
dard deviation (n = 3). B different superscript capital letters denote
significant differences between the formulation of crackers for the
same sampling period of the in vitro assay (P < 0.05). *® different
lowercase superscript letters denote significant differences between
different sampling periods of the in vitro assay for the same
formulation of crackers (P < 0.05)
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Table 3 Sensorial analysis of

cracker using different Formulation  Colour™ Odour™® Taste™ Texture™S Overall Acceptabilityl\rS
proportions of RB WF 740+ 1.15 770+082 6904+ 1.12 7.17+1.08 6.82+ 0.98

RB50 7054093 7454087 705+ 1.06 7.17+095 687+ 1.11

RB100 725+ 103 7474096 650+ 135 7374095 7124+ 1.11

Values are expressed as mean =+ standard deviation (n = 40)

NS were none significantly different (P > 0.05)

activities. In addition to RB levels, the trend changes
during digestion also showed that the antioxidant capacity
continues to increase with the orderly digestion stage. The
changing trend of scavenging activity and reducing power
correlated with the increase in o-amino acid content under
GI digestive phase, indicating that the bioactive peptides
formed during digestion could strongly contribute to higher
scavenging of ABTS®" radical cation and reducing power.
These results are similar with those of Iskandar et al.
(2015) and Corrochano et al. (2019), who showed ABTS*"
radical cation inhibition of whey proteins after the simu-
lated GI digestion was significantly higher than that of the
intact protein. This was confirmed by evaluation of the
non-digested of crackers that were used as a reference,
which exhibited antioxidant activity, but at a level that was
far less than that of the hydrolysed samples (data not
shown). This finding indicates that the combination of
enriched RB and cheese’s milk protein can enhance the
antioxidant capacity of the products.

Sensory evaluation

Sensory evaluation results of crackers are shown in
Table 3. Crackers incorporating different levels of RB were
evaluated for their sensory qualities in all attributes
including colour, odour, taste, texture, and overall accept-
ability. The results showed no statistically variation (P
> 0.05) in all parameters between the control WF-based
crackers and RB cracker. However, the score of colour,
odour, and taste of RB-based cracker was lower than WF
cracker. The scores relating to the physical properties such
as colour revealed a darkening because RB contains a high
anthocyanin pigment. Surprisingly, the term “texture” was
used to describe the consumer’s preference for the RB100
crackers, which refers to the hardness characteristic of the
cracker. The score of texture of the RB100 substitutions
was slightly higher than the control cracker even though
the texture of the cracker incorporated with RB was
crumbly, brittle, and had low expansion. Additionally, the
addition of RB in the crackers significantly increased
overall acceptability score from 6.82 £ 0.98 (control) to
7.12 £ 1.11 (RB100) indicating that RB had developed a
satisfying flavour in the product. The results conclude that

@ Springer

the replacement of wheat flour with riceberry flour will not
affect consumer’s acceptance of the gluten-free crackers.

Conclusion

The finding of this study suggested that the synergistic
effect of the bioactive compounds of the substituted 100%
RB and bioactive peptides originating from cheese’s milk
protein significantly enhanced the antioxidant capacity
under simulated GI digestion whereas RB50 showed all
outcome lesser than RB100. The consideration of the
cracker properties based on physical, microstructural, and
crystallinity degree of RB together with cheese’s milk
protein cannot replace gluten to improve the physical
properties. However, the overall acceptability of RB100 by
consumer was considerably better than that of RB50 and
WFE. This study indicated that the substution of WF with
100% RB in cracker supplemented with cheese’s milk
protein could be developed as a functional food in gluten-
free products by promoting antioxidant activity and
acceptability by the consumers.
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