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Abstract

Growth performance and immune systems of tilapias could be improved by Lactobacillus rhamnosus GG (LGG) and Jeru-
salem artichoke. This research aimed to determine the effects of Jerusalem artichoke on LGG viability after drying and
pelleting and their subsequent exposure to simulated gastrointestinal conditions. Fresh LGG cells were added into wall mate-
rial solutions, including alginate (AL), alginate + milk powder (AM), and alginate + milk powder + Jerusalem artichoke at
different concentrations (AMJ). The solutions were then spray dried to obtain LGG powders. The powder with the highest
cell number was then selected to mix with tilapia feed mash and pelleted using a nonthermal feed extruder to obtain pelleted
feed containing LGG and Jerusalem artichoke. The LGG viability spray dried powders and pelleted feed were analyzed for
their cell counts after drying and after exposure to simulated gastrointestinal conditions. The result showed that the num-
ber of viable cells in AMJ was significantly higher than AM and AL after drying. The number of viable cells under both
simulated gastric and bile salt fluids was improved with the increasing of Jerusalem artichoke concentrations. The number
of viable cells after pelleting process could be maintained. LGG in the pelleted feed could also survive under the simulated
gastric and bile salt conditions. The study indicates that JA enhanced LGG viability after drying and exposure to simulated
gastrointestinal conditions. The pelleted feed containing LGG and Jerusalem artichoke could be applied in tilapia farming,
providing convenience to the farmers, and valuable effects to the fish.
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Introduction

Nile tilapia (Oreochromis niloticus) is globally popular
farm-raised fish worldwide, and one of Thailand’s most
important freshwater fish of economic importance. In 2018,
global production of Nile tilapia was approximately 4.5 mil-
lion metric tons and ranked as the one of top three finfish
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infection (Sirimanapong et al. 2018), while the outbreak in
tilapia farms in China directly caused their financial losses
of 1.0-1.5 billion (Li et al. 2013). However, it has been
well-documented that the use of antibiotics and vaccination
in farm-raised freshwater fish results in the emergence of
drug resistant microorganisms, which may affect the human
population by transmitting their resistant genes to human
pathogens. Antibiotics could harm to beneficial colonic
microorganisms in the fish and leave the residues in the fish
products, causing dangers to human consumption (Aliyu-A
et al. 2019). Therefore, European Union started to ban the
use of antibiotics in animal production as growth promoters
since 2006 (Denev et al. 2009). This has recently created
opportunities to develop alternative approaches in feeding
and health management practices for Nile tilapia. The use
and development of new dietary supplements as probiotics,
prebiotics, synbiotics, and phytobiotics has emerged as a
potential strategy that can be implemented to grow healthy
farm-raised tilapia.

Probiotics are “live microorganisms in which an adequate
consumption of probiotics confers many beneficial effects on
the host” (FAO/WHO, 2001). There have been many studies
reported that probiotics provided health benefits to a vari-
ety of fish species such as the common carp (Yanbo and
Zirong 2006), rainbow trout (Denev et al. 2009), and Nile
tilapia (Aliyu-A et al. 2019). Lactobacillus rhamnosus GG,
called as LGG, a probiotic found in the human gut, could
promote growth performance, healthy intestinal structures,
villus height, and gut mucosal production of the Nile tila-
pia (Pirarat et al. 2015). LGG could increase the number of
mucous cells, consequently promoting secretion of mucus.
This could help protect the fish from pathogenic infection,
such as Streptococcus agalactiae, contributing to reduction
of fish mortality (Pirarat et al. 2015). Besides, viable LGG
could stimulate the immune systems of rainbow trout, lead
to induction of inflammatory response, and increase of IgG,
IgA, and IgM production, affecting enhancement of non-
specific humoral response (Hirano et al. 2003). However,
it has been well-known that probiotic microorganisms are
susceptible to heat, ice crystals, acids, hydrogen peroxide,
oxygen (Cook et al. 2012) and these have brought concerns
to the applications of probiotics in Nile tilapias. The fish has
the small and sac-like stomach, consisting different types
of mucins include neutral mucin and acid mucin, but lack
of pepsin (Klahan et al. 2009), causing a low pH (1.0-2.5)
conditions (Phrompanya et al. 2019; Morrison and Wright
1999). In addition, the intestine morphology of Nile tilapias
is an unadorned tube, with pyloric ceca entirely absent. The
intestinal ceca have several functions, including absorption,
fermentation, storage, and breeding sites for gut microbiota
(Smith et al. 2000). The digestive enzyme system of tila-
pias includes protease, amylase, lipase, and bile salts which
are mainly found and active in the intestine and alkaline
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conditions (Klahan et al. 2009). Hence, retaining the high
cell viability of probiotics after consumption as well as after
formulation, processing, and storage is challenged for com-
mercial productions of probiotic products. To overcome the
difficulties, a well-established spray drying, technology has
been applied to incorporate beneficial probiotics into wall
materials to prevent the probiotics from unfavorable condi-
tions, which could be implemented on an industrial scale
(Rezvankhah et al. 2020; Rodrigues et al. 2020; Misra et al.
2021).

Beside probiotics, prebiotics, nondigestible dietary sub-
stance that can enhance the growth of probiotic microorgan-
ism, such as inulin and frutooligosaccharides (FOS) has also
been considered to promote healthy fish guts. Specifically,
prebiotic was defined as “a selectively fermented ingredient
that allows specific changes, both in the composition and/or
activity in the gastrointestinal microflora that confers ben-
efits upon host well-being and health”(Gibson et al. 2004).
Jerusalem artichoke (JA) is an inulin sources containing high
level of short chain and medium chain fructan for 42-53%
and 64-71%, respectively (Boonanuntanasarn et al. 2018).
Although JA has been used for food or animal feed and for
the past two decades, alternative uses as functional food
ingredients have been discovered. JA may enhance animal
growth performance, including fish, poultry, and swine,
modulate their intestinal microbiota, and improve their
hematological and immune systems (Mourifio et al. 2012).
Some studies have mentioned that inulin could be used as
a thermal protectant to prevent probiotics from thermal
process. It could increase thermal resistance of Lactobacil-
lus casei MTCC 1423 (Govind and Nithyalakshmi 2011).
Moreover, when it was combined with high resistance maize
starch, it could also improve heat resistivity to Lactobacillus
casei (Doherty et al. 2011). As JA has a high level of both
inulin and FOS, it would probably function as an effective
protective agent for LGG during microencapsulation.

Probiotics and prebiotics for fish are commercially avail-
able as powders. They are generally added directly into the
fish ponds or mixed them with feed ingredients. However,
these approaches may drastically reduce the number of sur-
vival probiotic cells. Incorporation of probiotics and prebiot-
ics into pelleted fish feed could better guarantee that the fish
would obtain those functional ingredients. It was reported
that the fingerlings fed with mixed probiotic pelletized feed
had greater percentage of weight gain and specific growth
rate, while feed conversion ratio was lower than mixed pro-
biotic feed (Sivakumar et al. 2020). In addition, it could be
more favorable for the farmers as the pelleted feed incorpo-
rated with probiotics and prebiotics would be convenient to
use and help to reduce time and labor for feed preparation.
Yuan et al. (2017) mentioned that the production costs for
tilapia mainly comprised fish feed, rental fee, and labor cost
accounted for approximately 66, 11, and 6% of the total cost,
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respectively. The changes of those costs including the fish
price certainly affected the net profit of tilapia. Moreover,
it was reported that feeding tilapia with pelleted feed diets
could provide higher yields and greater profits than basal
feeds due to increase of growth rates and feed conversion
ratio improvement (Neira et al. 2009). Therefore, the aims of
this research were to develop pelleted feed containing probi-
otic LGG, and prebiotic JA for Nile tilapia and to investigate
effects of JA on LGG viable cells after drying and their sub-
sequent exposure to simulated gastric and intestinal fluids.

Materials and methods
Preparation of L. rhamnosus GG

Frozen cultures of LGG in 20% glycerol was reactivated
into de Man Rogosa Sharpe (MRS) broth (BD Difco™,
Maryland, USA) and incubated at 37 °C for 24 h (BE 500,
Schwa Bach, Germany). The bacteria (50 mL) was then
subsequently re-inoculated into MRS broth (1000 mL) and
incubated at 37 °C for 16 h to reach its stationary phase. The
cell pellets were harvested by centrifugation at 7000 X g, for
10 min at 4 °C (Sigma 2-16PK, Sartorius, Germany).

Spray drying of L.rhamnosus GG

JA powders was kindly provided by Phetchabun Research
Station, Agro-Ecological System Research and Develop-
ment Institute, Kasetsart University, Thailand. It contained
28 g/100 g of sugar, 39 g/100 g of inulin, and 16 g/100 g
of fructo-oligosaccharide (Tiengtam et al. 2017). Five
feed solutions containing LGG were prepared including
alginate solution (18 g/L), alginate solution (18 g/L) with
milk powder (200 g/L), and alginate solutions (18 g/L)
with milk powder (200 g/L) and JA at different concentra-
tions (100 g/L, 150 g/L, and 200 g/L). First, JA solution
were prepared at the concentration of 100 g/L, 150 g/L, and
200 g/L by dissolving the JA powder in distilled water until
the total soluble solid of the solution reached 10, 15, or 20
°Brix, respectively. The JA solutions were then centrifuged
at 5000 x g for 5 min to remove the remained particles.
After that, 200 g/L of milk powder (containing 10.8 g/100 g
of protein, 25.3 g/100 g of fat, and 57 g/100 g of lactose)
was then added and magnetically stirred at room tempera-
ture until homogenously. Food-grade alginate (18 g/L) was
then added into the solutions prior to resuspend the LGG
cell pellets (~10° CFU/mL). Only alginate solution and
alginate with milk powder solution were used as controls.
The alginate solution was prepared by dissolving the algi-
nate in distilled water and subsequently used to resuspend
the LGG cells, while alginate with milk powder solution
was prepared by adding alginate into milk powder solution

before resuspending LGG. Each feed solution was fed into
in a laboratory scale spray dryer (Buchi B-290, Buchi, Ger-
many) at inlet temperature of 125 °C and outlet temperature
of 65 °C with the flow rate of 300 mL/h) to obtain encapsu-
lated LGG powders, namely encapsulated LGG in alginate
(AL), encapsulated LGG in alginate and milk powder (AM),
encapsulated LGG in alginate, milk powder, and JA at 100,
150, and 200 g/L (AMJ10, AMJ15, and AMJ20, respec-
tively). After spray drying, the number of viable LGG in
the powders was enumerated as well as under the simulated
gastrointestinal tract and the cell survival (%) was calculated
by the following equation, Cell survival (%) = (N/N,) x 100,
where N and N, were the number of viable LGG in the spray
dried powders (log CFU/g) and the number of viable cells
before spray drying (log CFU/g), respectively.

Determination of LGG viability after drying
processes and under simulated Nile tilapia
gastrointestinal tract

After spray drying

One gram of each LGG powders, namely AL, AM, AMJ10,
AMIJ15, and AMJ20, were resuspended in 9 mL of normal
saline solution (0.85 g/100 mL). The serial dilution from
107! to 107 was then conducted. A pour-plate method was
used to enumerate the cell number of LGG powder on MRS
agars. The samples were then incubated at 37 °C for 48 h.

In vitro simulated gastric conditions and bile salt
solutions

Simulated gastric fluids (SGF) of Nile tilapia were prepared
using normal saline solution, adjusted pH to 1.5, 2.0, and
3.0 using 5 M hydrochloric solution (Lab scan, Analytical,
Thailand). Exactly 0.5 g of spray dried LGG powders (AL,
AM, AMJ10, AMJ15, and AMJ20) were placed into sepa-
rated test tubes containing 4.5 mL of SGF. One mL of each
sample was taken after incubation at 25 °C in a water bath
for 0, 1, and 2 h (JSGI-250 J, Schwa Bach, Germany) and
enumerated for the cell counts on MRS agars using a pour-
plate method.

For bile tolerance determination, 0.5 mL of LGG fresh
cells as control and 0.5 g of LGG powders (AL, AM, AMJ10,
AMI15, and AMJ20) were added into 4.5 mL of SGF at pH
2.0 and incubated at 25 °C for 1 h. After the incubation, the
samples were then centrifuged. SGF was removed and sepa-
rately replaced with 4.5 mL of 3 mL/100 mL, 5 mL/100 mL,
and 10 mL/100 mL of tilapia bile salt. One mL of each sam-
ple was taken after further incubations of 1, 2, and 3 h at
25 °C and enumerated on MRS agars using a pour-plate
method to determine for the number of viable cells.
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Production of Nile tilapias pelleted feed containing
LGG

To prepare the pelleted feed, dry feed ingredients, including
fish meal (200 g/kg of total weight), soybean meal (130 g/
kg of total weight), rice bran (150 g/kg of total weight), corn
meal (120 g/kg of total weight), cassava chips (120 g/kg
of total weight), and premix (50 g/kg of total weight) were
ground, sterilized at 121 °C for 15 min, and dried in a hot-air
oven (Contherm, Thermotec 2000, Germany) at 55 °C until
their moisture contents reached 12—-13%. Dry feed ingredi-
ents were then mixed with starch binding agent (30 g/kg of
total feed ingredients), dried coconut meal as a floating aid
(200 g/kg of total feed ingredients), and the selected LGG
powder, AMJ20 (100 g/kg of feed ingredients). To obtain a
feed mash, tap water (300 g/kg of total feed ingredients) was
then added according to a manual of fish feed formulations
for local fish farmers suggested by Department of Fisheries.
The mash was conveyed to a single screw extruder and pro-
ceeded at room temperature to obtain pelleted feed contain-
ing LGG (PFL). The pellets were then dried at 50 °C for 8 h.
PFL was evaluated for proximate analysis and cell viability
after drying and under simulated gastrointestinal tract.

Cell viability in Nile tilapia pelleted feeds containing
LGG

Exactly one-gram PFL was disintegrated by soaking in
1 M phosphate buffer pH 7.0 in a stomacher bag and subse-
quently placing it in a stomacher (stomacher®400 Circula-
tor, Seward, UK) for 3 min prior to perform serial dilutions
in normal saline solution (0.85 g/100 mL). LGG fresh cells
and the selected LGG power were used as controls. The cell
counts of LGG in all samples were enumerated on MRS
agars using a pour-plate method.

Proximate analysis of Nile tilapia pelleted feed
containing LGG

Moisture and protein contents were analyzed using stand-
ard methods of ISO 6496:1999 and ISO 5983-2:2005,
respectively. Ash and total fat were determined by follow-
ing the methods of AOAC (2016) 942.05 and AOAC (2016)
954.02, respectively. The total carbohydrate was calculated
by the following equation; Total carbohydrate content
(%)= 100 — (moisture content + protein content + total fat
content + ash content).

Statistical analysis
Means and standard deviations of all values were calculated.

Statistical analysis was performed using SPSS Statistics
software (version 24). An one-way ANOVA and Duncan
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test were conducted to indicate differences of the data at the
significance level of P <0.05.

Results and discussion
Production of spray dried LGG

After spray drying, the viability of LGG was obviously
reduced. The number of viable cells in AL (4.00+0.54 log
CFU/g) was significantly lower than that of AM (5.87+0.50
log CFU/g) and AMJ samples (P <0.05). The cell survival
of AL and AM was 42.4+5.62% and 62.1 +5.31%, respec-
tively. The number of viable cells in AMJ samples was not
significantly different, which were 7.01 +0.11, 6.84 +0.36,
and 6.31+0.16 log CFU/g for AMJ20, AMJ15, and AMJ10,
respectively (Fig. 1), which was followed the suggested con-
centration for probiotic bacteria which should have at least
10° CFU/g to have an impact on the host health (Shah 2000).
When compared with AM, AMJ20, and AMJ15 had signifi-
cantly higher number of viable cells (P <0.05), showing that
appropriate JA concentrations were needed to enhance the
cell viability. In addition, the cell survival was undergone for
74.3+1.11%. 72.4 +3.86%, and 66.8 +1.65% for AMJ20,
AMIJ15, and AMJ10, respectively. The results thus indicated
that milk powder and JA played important roles in the cell
viability during spray drying. It has been suggested that dur-
ing drying water was removed from the bacteria cells, lead-
ing to cell membrane transition, and leakage resulting in the
cells death (Doherty et al. 2011). Milk protein is well known
for its ability to protect the cells from dehydration processes.
The proteins in skim milk accumulate within the cells, help-
ing stabilize cell membrane constituents, and reducing the
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Fig. 1 Viability of LGG powders before and after spray drying; AL
LGG powder with only alginate, AM LGG powder with alginate
and milk powder, AMJI10, AMJI15, and AMJ20 LGG powder with
alginate, milk powder, and JA at 100, 150, and 200 g/L, respectively.
#bMeans + standard deviation with different letters were significantly
different (P < 0.05)
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difference in osmotic pressure between the internal and
external environments (Mille et al. 2004). In addition, leak-
age of the cell membrane could be avoided by interaction
of lactose in milk with the phosphate groups of phospho-
lipids as well as proteins located in the cell membrane,
consequently minimizing during spray drying (Maciel et al.
2014). In addition, it was recently reported that milk cal-
cium possibly interacted with the bacterial cell wall, while
milk proteins were aggregated during heat treatment. These
probably resulted in the formation of a protective barrier,
providing the protection to probiotics (Zheng et al. 2016;
Wang et al. 2016a). Sugars and some polysaccharides, such
as fructooligosaccharides (FOS) and inulin were reported
to be able to protect the cells from dehydration. JA typically
contains 39 g/100 mL of inulin and 16 g/100 mL of fructo-
oligosaccharide (Khuenpet et al. 2017). It was reported that
FOS and inulin could function as a water replacer, helping
stabilize the cell membrane during dehydration (Doherty
et al. 2011). Romano et al. (2018) revealed that the amor-
phous structures of inulin could protect L. plantarum from
spray drying and their cell stability during storage directly,
resulted from stabilization of inulin structures. In contrast,
it was found that co-encapsulation of LGG in acidified goat
milk with agave tequilana fructans, fructose-based polymers,
by spray drying did not help increase the number of viable
LGG after drying. The total cell counts were from 7.7 to 7.9
log CFU/g and the survival rate was approximately 87%.
However, the agave tequilana fructans could improve the
cell survival during storage at — 20 °C for 14 days (Alvarado-
Reveles et al. 2019). The effects of divalent cations (Ca2%)
on LGG viability during spray drying were investigated.
The cells were encapsulated with lactose and trehalose con-
taining 1 mM CaCl,. The results showed that the number
of viable cells in the lactose/Ca and trehalose/Ca powders

were reduced for 5% and 30%, respectively, which was lower
than the other results using reconstituted skim milk, whey
protein isolate, and concentrated sweet whey as protective
agents (Su et al. 2019). When compared our finding with
these results, it could suggest that sources of fructans and
milk types possibly played an important role in effectiveness
of the protective agents affecting the viability of LGG after
spray drying.

Viability of spray dried LGG powders in simulated
gastrointestinal conditions

In vitro simulated gastric conditions

As well-known, pH in the medium played an important role
in inhibiting bacterial activity by un-dissociated acid forms
passing through the cell membrane, resulting in acidifica-
tion of the cytoplasm and causing the cell death (Lund et al.
2014). The maintenance of probiotic viability throughout the
stomach is crucial. Figure 2 showed the number of viable
cells in LGG powders after 2-h exposure to simulated gastric
fluids (SGF) at different pH. LGG survived in the SGF at
pH 3.0 and 2.0. The number of viable cells of all treatments
at pH 3.0 and 2.0 was not significantly different. However,
remarkable decreases in the number of viable cells were
significantly observed in SGF at pH 1.5. Regarding pH 1.5,
the viable cell counts were enhanced by encapsulating LGG
in milk powder and JA. The cell log reductions in AMJ20,
AMIJ15, and AMJ10 were 1.21, 1.67, and 2.31, respec-
tively, while AM, having only milk powder, had 3.02 log
reduction. No viable cells were detected in the control or in
AL. AMJ20 and AMJ15 had survival rate at 84.10 +2.43%
and 75.82 +£4.76%, respectively (Fig. 3), which were sig-
nificantly greater than that of AMJ10 (65.25+6.76%) and
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Fig.2 Viability of LGG powders in simulated gastric fluids (pH 1.5
(A), pH 2.0 (B), and pH 3.0 (C)); AL LGG powder with only alginate,
AM LGG powder with alginate and milk powder, AMJI10, AMJI5,

and AMJ20 LGG powder with alginate, milk powder, and JA at 100,
150, and 200 g/L, respectively
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Fig.3 Survival rates of LGG powders after incubating in low pH
conditions for 2 h; AL LGG powders with only alginate, AM LGG
powder with alginate and milk powder, AMJI10, AMJI15, and AMJ20
LGG powder with alginate, milk powder, and JA at 100, 150, and
200 g/L respectively. *“Means +standard deviation with different
letter within the same color was significantly different (P < 0.05).
ABMeans + standard deviation with different letters within the same
pH was significantly different (P < 0.05)

AM (49.69 +3.48%) (P <0.05). This finding was similar
with the results reported by Pirarat et al. (2015) mention-
ing that unencapsulated LGG failed to survive under the
simulated gastric fluids at the pH of 1.5 (SGF). Besides, it
was reported that the number of viable LGG encapsulated
by alginate—skim milk gel extrusion method was reduced
about 1 log cycle after exposure to the SGF for 3 h. When
compared the results to our study, it was suggested that the
encapsulation method could interfere with the cell viability
when they were under a high acidic environment.

The results also indicated that JA could protect LGG
from high acid conditions. This was possibly attributed

to chemical interactions between alginate and inulin of
JA. Tt was reported that alginate was able to create inter-
actions with inulin by the nucleophilic attack between the
COO™ group of alginate and OH™ group of inulin, which
leading to alginate—inulin matrix formation. The matrix
probably improved the barrier protection to the bacterial
cells by mitigating the migration of acid fluids to the cells.
Moreover, the presence of inulin in alginate matrix could
decrease the porosity of the alginate when it was in gastric
environment with low pH (Atia et al. 2016).

In vitro tilapia bile salt conditions

The viability of LGG powders after incubating in bile salt
conditions (3 mL/100 mL, 5 mL/100 mL, and 10 mL/100 mL
of fluids) for 3 h was shown in Fig. 4. Bile salt is as an
emulsifier and fat solubilizer that could hydrolyze plasma
membranes of bacteria cells. This causes the cells to lose
their cell wall integrity (Bustos et al. 2018). No viable cells
were detected in the control (AL) for all bile salt condi-
tions after exposure for 1 h. The cell losses were increased
with the increasing bile salt concentrations in all treatments
and control. Regardless of bile salt concentrations, after 3-h
incubating in bile salts, AMJ20 had the lowest cell reduc-
tions, which were 0.86, 1.10, and 1.27 log reductions for
3 mL/100 mL, 5 mL/100 mL, and 10 mL/100 mL of tila-
pia bile salt, respectively, followed by AMJ15, AMJ10, and
AM. In regard to survival rates of LGG, at 3 mL/100 mL of
fluids and 5 mL/100 mL of fluids, AMJ20 had significantly
greater survival rates than AMJ15 and AMJ10, while AM
had the lowest survival rate (P <0.05). Similarly, the LGG
survival rate of AMJ-20 in bile salt at the concentration of
10 mL/100 mL of fluids was 80.52 +0.46%, which was sig-
nificantly higher than AMJ15 (62.78 +7.52%) and AMJ10

8 8 8
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S s S &5 —8—AM
g 4 2 4 &4 —A— AMJ10
Z 3 = 3 £3 —o— AMJI5
°© 2 S 2 32
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A B C

Fig.4 Viability of LGG powders in bile salt conditions (bile
salt 3 mL/10 mL (A), bile salt 5 mL/100 mL (B), and bile salt
10 mL/100 mL (C)); AL LGG powder with only alginate, AM LGG
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powder with alginate and milk powder, AMJI10, AMJ15, and AMJ20
LGG powder with alginate, milk powder, and JA at 100, 150, and
200 g/L, respectively
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Fig.5 Survival rates of LGG powders after incubating in bile salt
conditions for 3 h; AL LGG powder with only alginate, AM LGG
powder with alginate and milk powder, AMJI10, AMJ15, and AMJ20
LGG powder with alginate, milk powder, and JA at 100, 150, and
200 g/L respectively. *“Means +standard deviation with different
letter within the same color was significantly different (P < 0.05).
ABMeans + standard deviation with different letters within the same
pH was significantly different (P < 0.05)

(61.26 +1.39%) and followed by AM (44.93 +2.74%)
(P<0.05) (Fig. 5). Therefore, this indicated that milk pow-
der could protect LGG in the powders from bile salt effects.
JA had ability to enhance the protection of the cells during
bile salt conditions. The results were compatible with those
of Pirarat et al. (2015) mentioning that skim milk—alginate
matrix could improve cell viability of LGG after being
exposed in 10% tilapia bile when compared with only algi-
nate matrix and fresh cells. This could be due to protein in
skim milk possibly acting as an insoluble matrix protecting
probiotics in the gastrointestinal tract (Ying et al. 2013).
In addition, alginate and skim milk could structurally bind
together increasing the matrix resistance to the effects of bile
salt solutions. As mentioned earlier, JA was a rich source
of inulin and FOS. After incubating in 1% bile salt solu-
tion for 2 h, L. plantarum that were encapsulated in skim
milk coated with combined inulin and alginate beads by
an extrusion method showed 1.21 log CFU/mL reduction
(Wang et al. 2016b). The addition of inulin could enhance
the acid and bile tolerance of encapsulated L. acidophilus
and L. casei powders when they were under simulated gas-
tric juice at pH 1.55 followed by intestinal juice containing
0.6% bile salt for 2 h and 2.5 h, respectively (Krasaekoopt
and Watcharapoka 2014). Spray drying of L. acidophilus
La-5 with 10% of inulin and 6% of FOS as coating agents
could significantly reduce the number of cell reduction when
they were in simulated intestinal phases. Moreover, Xavier
dos Santos et al. (2019) noted that protection provided by
the coating agents was further elevated by food products.
This indicates another possible advantage of incorporating
the probiotic into the fish feed.

Cell viability in Nile tilapia pelleted feeds containing
LGG

Nile tilapia pelleted feeds containing LGG (PFL) were com-
posed of 55.35 g of carbohydrate/100 g dry feed matter,
24.54 g of protein/100 g dry feed matter, 8.66 g of fat/100 g
dry feed matter, and 11.13 g of ash/100 g dry feed matter.
The moisture content of PFL was 2.71 g/100 g of PFL after
drying at 50 °C for 8 h. It was recommended that crude pro-
tein levels of tilapia feeds should not under 20 g/100 g due to
poor palatability. Feed containing approximately 25 g/100 g
of crude protein were commonly used in Thailand as it was
cost effective (Bhujel 2013). After pelleting and drying, the
final cell concentration of LGG in PFL was 7.08 +£0.04 log
CFU/g, which was not significantly different with the spray
dried LGG powder (7.23 +£0.06 log CFU/g). This indicated
that the pelleting and drying processes did not affect the
cell viability of LGG powder. The number of viable cells in
probiotic products to provide benefits to the host should have
at least 10° CFU/g (Anal and Singh 2007).

In the simulated gastrointestinal fluids, after incubating
the PFL in a low pH condition (pH 2.0) for 1 h prior to
expose to bile salt solution at 10 mL/100 mL for 3 h as
shown in Fig. 6, the cell viability in PFL was reduced by
0.57 log CFU/g, which was not significantly different form
the spray dried LGG (0.41 log reduction), while rapid loss
of LGG fresh cells was detected (3.94 log reduction). The
number of viable cells after 1 h incubation in SGF at pH 2.0
was 6.51+0.02, 6.82 +0.02, and 5.83 +0.04 log CFU/g for
PFL, spray dried LGG, and fresh cells, respectively. Regard-
ing bile salt tolerance, the results showed that the number
of viable cells in PFL was 5.04 +0.03 log CFU/g, followed
by the spray dried LGG (5.22 +0.04 log CFU/g), which had
undergone 2.04 and 2.01 log reduction, respectively. The
results were not significantly different. In contrast, there was
a massive decrease in viable cells of the fresh cell, which
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Fig.6 Viability of LGG in Nile tilapia pelleted feeds during expo-
sure to simulated gastrointestinal condition; Fresh cell LGG grown in
MRS broth for 24 h, AMJ20 LGG powder with alginate, milk powder,
and JA at 200 g/L, PLF pelleted feed containing LGG
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was 7.84 log cycles. There were only 1.93+0.02 log CFU/g
survived. The survival rates after 3 h in the bile salt solu-
tion were 77.42+0.43%, 76.53 +0.44%, and 33.1 +0.05%
for PFL, spray dried LGG, and fresh cells, respectively. The
addition of spray dried LGG into the pelleted feed could
potentially provide not only high nutritional and functional
values, but also convenience of use as well as decrease of
feed preparation times and labor.

Conclusion

In conclusion, the results indicated that combination of
JA with alginate and milk powder significantly improved
viability of LGG under spray drying and under simulated
gastrointestinal fluids. The spray dried LGG with JA could
be incorporated into the feed ingredients to be pelleted and
be maintained during nonthermal pelleting process and hot
air drying. The result suggests that JA could be used as a
potential protective agent for probiotic powders and pelleted
LGG powder with feed ingredients could be applied in Nile
tilapia farming, providing convenience to the farmers and
valuable effects to the fish.
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Abstract Riceberry, a Thai black rice variety (Oryza
Sativa L.) has been developed with the aim to provide high
iron and low glucose to consumers. Therefore, riceberry
could potentially be used to produce healthier processed
foods. In this regard, a D-optimal mixture design was
employed for the optimization of the steamed rice cakes
which included ten combinations of riceberry flour (RF),
xanthan gum (XG) and glutinous rice flour (GRF). The
influence of RF substitution for GRF with XG addition on
the texture, physicochemical and sensory properties, as
well as the estimated glycemic index (eGI) of the steamed
rice cakes, were studied. The results demonstrated that RF,
XG@G, and GRF had a noticeable effect on eGI, textural, and
sensory properties of the steamed rice cakes. XG was the
variable that most affected hardness, adhesiveness, cohe-
siveness, and gumminess of the steamed rice cakes by the
positive effect. XG had a negative effect on hydrolysis
index and eGI. The optimum mixture obtained on a basis of
overall liking, hardness, adhesiveness, gumminess, and eGI
value contained 39% RF, 1% XG, and 60% GRF with
desirability equal to 0.673. For filling, the red bean paste
with 100% isomaltulose substitution for sucrose indicated
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the lowest value of eGI and the highest score of the overall
liking. The optimum steamed rice cakes stuffed with the
red bean paste used isomaltulose as a sucrose replacer were
classified as the medium GI food.

Keywords Riceberry - Glycemic index - Steamed rice
cakes - Optimization

Introduction

Rice has been a source of carbohydrate widely consumed
for more than half of the world’s population, especially in
Asia Pacific region. Apart from cooked rice consumption,
rice-based products have gained much popularity due to the
benefits of the gluten-free diet. As the rice grain can be
ground into powder, it advantages to produce many kinds
of foods, including several types of cakes. Rice cake is one
of the common foods usually consumed in Asia with
numerous types depending on eating habits and cultural
diversity of people from different regions. Mochi has been
one of the most popular rice cakes originated from Japan.
The product generally consists of high moisture with soft,
slightly sticky, and some elastic properties. Convention-
ally, it was prepared by washing glutinous rice which was
then cooked with water and pounded to get rid of the
integrity of rice kernel to form the viscoelasticity. How-
ever, there are variations in the manufacturing process and
the proportion of ingredients. The study summarized that
the production process and the composition of basic
ingredients contributed to the physicochemical properties
of the mochi. Nagashima et al. (1987) revealed that the
mochi prepared by the mixer type machine possessed
minimum hardness and lower resistance to extension, and
required lower shearing strength when compared to that
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prepared by the pounding type machine. Moreover, the
mochi containing waxy corn starch was tender and required
a lower shearing strength. On the other hand, the mochi
containing cassava starch possessed more hardness and
adhesiveness. The hardness, cohesiveness, and the exten-
sion of mochi were increased when potato starch was
increasingly added (Yamamoto et al. 2001).

In recent years, health food markets have risen because
consumers require the foods with novel and desired nutri-
tional quality. However, the consumption of carbohydrate-
based foods as a major source of daily diets has an effect on
the rapid increase in the blood glucose level after ingestion
associated with the occurrence of metabolic diseases. Since
the main ingredient for the mochi is polished rice or white
rice, it was easily digested in the human body which led to
a rapid increase of postprandial glucose concentration. To
improve the nutritional quality of this product, the appli-
cation of ingredients which benefit health and meet the
consumer’s acceptability should be taken into the
consideration.

Riceberry, a black-purple rice variety, has been newly
developed by the Rice Research Center, Kasetsart
University, Kamphaeng Saen, Nakhon Pathom, Thailand
with the aim to provide beneficial nutrients to consumers. It
is suitable for anaemic and diabetes mellitus patients since
it contains high iron and low glucose. In the present study,
we applied riceberry flour obtained from the whole grain
rice to prepare rice cakes. Research investigation reported
that the blood glucose response of healthy and type 2
diabetic volunteers consuming brown rice was lower than
those consuming milled rice as it contains the higher
amount of phytic acid, polyphenol, dietary fiber, and oil
(Panlasigui and Thompson 2006). Moreover, the riceberry
bran oil could have health effects in diabetic rats by
enhancing the amount of hepatic antioxidant defense
mechanism and reducing oxidative stress (Posuwan et al.
2013).

In this research, the riceberry flour was applied in the
mochi production which might lead to the loss of viscosity
properties. Due to the reduction of amylopectin content, a
food additive was incorporated to obtain the desired qual-
ity. Xanthan gum, an extracellular polysaccharide pro-
duced by a bacterium Xanthomonas campestris, was
selected to improve mouthfeel and to change the viscosity
due to its high polymeric nature and the interactions among
polymer chains. The research of Kim and Yoo (2006)
exhibited that the consistency index and apparent viscosity
of rice starch-xanthan gum mixtures increased when there
was an increase in gum concentration. Thus, this research
was aimed to investigate the effect of the tertiary combi-
nation, i.e. riceberry flour (RF), xanthan gum (XG), and
glutinous rice flour (GRF) on the physicochemical prop-
erties, glycemic index, and sensory qualities of the
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riceberry-glutinous rice cakes. The response surface
methodology was used in order to optimize the formula-
tion. In addition, the sweetened bean fillings used isomal-
tulose as a sugar replacer were also investigated for their
glycemic index (eGI) and sensory properties. The rice
cakes stuffed with red bean filling were also tested for
consumer acceptance.

Materials and methods
Raw materials

Paddy rice (Oryza sativa L.) cultivar riceberry was pur-
chased from a local rice-milling factory in Lampang Pro-
vince, Thailand, and was ground by a hammer mill (Brook
Crompton Series, 2000; Christy Hunt Agriculture Ltd.,
Scunthorpe, UK) with 1.0 mm sieve. Grain composition
was determined in duplicate with standard methods
(AOAC 2000). The moisture content of grain was
10.74 £ 0.01% on a dry weight basis (d.b.), crude protein
8.13 £ 0.09% (d.b.), crude lipid 0.56 + 0.06% (d.b.),
crude fiber 8.66 & 0.33% (d.b.), crude ash 1.05% (d.b.),
and the calculated carbohydrate 70.86 & 0.37% (d.b.).

Xanthan gum (XG) was purchased from a Union Sci-
ence Co. Ltd. (Chiang Mai Province, Thailand). Glutinous
rice flour (Fish Brand, ETC International Trading Co., Ltd.,
Thailand) and red bean were purchased from a local mar-
ket. Isomaltulose was obtained from Rajburi sugar Co.,
Ltd., Thailand.

Chemicals

Porcine pancreatic alpha-amylase, amyloglucosidase, and
pepsin were purchased from Sigma-Aldrich (St. Louis,
Missouri). A total starch kit was purchased from Mega-
zyme (Megazyme International Ireland Ltd.).

Experimental design

The glutinous rice flour used for producing the steamed
rice cakes was replaced by RF and XG. A D-optimal design
with three components was employed. The mixture com-
ponents (a sum of 100%) consisted of riceberry (RF),
xanthan gum (XG), and glutinous rice flour (GRF) which
were in the ranges of 60.0-89.0, 1.0-10.0, and 10.0-39.0,
respectively. Design-Expert software designed ten formu-
lations which eight formulations were different and two
formulations were replicate as shown in Table 1.
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Table 1 Mixture composition in the steamed rice cakes formulated
with riceberry flour (RF), xanthan gum (XG), and glutinous rice flour
(GRF) in a three-component constrained D-optimal mixture design

Formulation No Ingredients
RF (%w/w) XG (%owlw) GRF (%w/w)

1 70.0 10.0 20.0
2 60.0 55 34.5
3 89.0 1.0 10.0
4 60.0 1.0 39.0
5 89.0 1.0 10.0
6 74.5 1.0 24.5
7 60.0 10 30.0
8 60.0 1.0 39.0
9 84.5 55 10.0
10 80.0 10.0 10.0

Preparation of the steamed rice cakes

The control formulation consisted of 100% glutinous rice
flour. The steamed glutinous rice cakes were made by
dispersing the dried ingredients (300 g) in 400 g of water.
The mixture was steamed (100 °C) for 20 min. The
obtained cakes were immediately kneaded in the kneading
machine for five minutes and were cut into small pieces
(10 g). The rice cakes were stored in the hermetically
sealed bags after cooling to prevent moisture loss. All
samples were measured for their qualities within the day of
production.

Physicochemical properties

The water activity of the rice cakes was measured using a
Water Activity Meter (AquaLab 4TE, Decagon, USA). The
moisture content was determined by overnight oven drying
at 105 °C. The color was measured in terms of L*, a*, and
b* (Konica Minolta CR-400, Japan). The Texture Profile
Analyzer (TA.XTPlus, Stable Micro Systems Ltd., Surrey,
England) was used to measure the force-time curve. The
equipment was automatically set to zero lowering the plate
until its bottom surface reached and contacted the sample
table. The load cell was calibrated with a 1.0 kg weight.
All experiments were conducted at room temperature
(35 £ 2 °C). The 15 g sample, having a round shape, was
carefully placed on the center of the TPA instrument’s
platform and compressed twice to 75% of the original
height at the compression rate of 1 mm/s. When the
compression stroke was completed, a plunger reversed
direction and started its upward stroke at 10 mm/s. Then, a
second compression-decompression cycle was performed

on the same sample. All operations were automatically
controlled by the texture analyzer. The instrument auto-
matically recorded the force-time curve. Ten replicates
were conducted for each sample.

Sensory analysis

In this study, thirty untrained panelists were randomly
recruited from students and staffs (aged 18—45 years) from
the Division of Food Science and Food Technology,
Lampang Rajabhat University, Thailand. Ten formulations,
each coded with a 3-digit random number, were served at
ambient temperature. For each formulation, a piece of the
steamed rice cake was served in a hermetically sealed
plastic bag. A 15 min compulsory break was enforced after
the first set of five formulations had been completed. The
sample order of presentation was fully rotated to minimize
bias. Four quality parameters (color, stickiness, softness,
and overall liking) were evaluated using a 9-point hedonic
scale, wherein 1 referred to extremely dislike, 5 referred to
neither dislike nor like, and 9 referred to extremely like.

Determination of total starch (TS) content of SRCs

The TS content of rice cakes was determined using the
Megazyme Total Starch method (AACC Method 76.13) as
per the manufacturer’s procedure (Megazyme International
Ireland, Bray Business Park, Bray, Co. Wicklow, Ireland).
The content of starch obtained from this section was then
used for calculating the Eq. (1) as shown below.

In vitro digestion test

The rapid in vitro starch digestion assay described by
Mahasukhonthachat et al. (2010) was used. About 500 mg
of the sample (concerning dry material content) was treated
with 1 mL of artificial saliva containing porcine «-amylase
(Sigma A-3176 Type VI-B; 250 U per mL of carbonate
buffer) for 10-15 s. Five milliliters of pepsin (Sigma P-
6887, from porcine gastric mucosa) solution were added
and incubated at 37 °C for 30 min in a water bath. The
digesta was neutralized (5 mL, 0.02 M NaOH) before
being adjusted the pH with 25 mL of 0.2 M sodium acetate
buffer (pH 6) prior to adding 5 mL of a mixture of pan-
creatin (Sigma P1750) and amyloglucosidase (Sigma
10,115, ~ 70 U per mL of acetate buffer) in the acetate
buffer. The mixture was incubated for four hours, during
which the glucose concentration in the digesta was mea-
sured at intervals (0, 10, 20, 30, 45, 60, 90, 120, 150, and
180 min) with an Accu-Check® Performa® glucometer
(Roche Diagnostics Aust. Pty. Ltd., Caste Hill NSW 2154,
Australia). The glucose concentration in the digesta was
measured within the range (0.6-33 mM L~') of the
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glucometer. Digested starch (1 g per 100 g dry starch) at a
measurement time (minute), was calculated as:
DS:O.9><GGx 180 x V

W x S[100 — M]

(1)

where Gg = glucometer reading (mM/L), V = volume of
digesta (mL), 180 = molecular weight of glucose, W =
weight of sample (g), S = starch content of sample (1 g per
100 g dry sample), M = moisture content of sample (1 g
per 100 g sample), and 0.9 = stoichiometric constant for
starch from glucose contents.

Estimated glycemic index (eGI)

Among the empirical models, the first-order exponential
model was applied to describe the enzymatic hydrolysis
(Goiii et al. 1997) as shown in the following equation:

C = Cu(l—e™) (2)

where C, C,, and k were the concentration (digested
starch) at time ¢, the equilibrium concentration, and the
kinetic constant, respectively. Due to the experimental data
(C and t) of the enzymatic hydrolysis, the regression curve
formulated by Eq. (2) along with the hydrolytic parameters
(C., and k) resulted. Further, the area under the curve
(AUC) could be integrated by:

—e ™) (3)

Based on the AUC, the hydrolysis index (HI) was
evaluated as the percentage of total glucose released from
the samples with respect to that released from the white
bread (Goni et al. 1997). Because of the linear relationship
between the hydrolysis index (HI) and the glycemic index
(GI), the estimated glycemic indices (eGI) were calculated
on a basis of the equations suggested by Goiii et al. (1997):

eGl = 39.71 + 0.549HI (4)

Coo

Preparation of red bean filling

The red bean fillings used isomaltulose as a sucrose
replacer at different percentages (50 and 100 coded as 150
and I100, respectively) were prepared by a hot stirring
method. The filling without isomaltulose replacement was
used as control (0%). The red bean was washed with tap
water and soaked overnight. The red bean was then boiled
(100 °C) for 45 min and ground in a grinder until it was
smooth. The filling preparation was started by adding
sucrose (300 g) into 50 g of water and heating to 70 °C
with continuous stirring for three minutes before adding the
ground red bean. The temperature was then increased to
90 °C while keeping stirring for further ten minutes. The
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samples were stored in the hermetically sealed containers
after cooling to prevent moisture loss.

Three formulations of red bean filling were analyzed for
the total starch content and in vitro digestion with the
methods described above. The water activity was measured
using an Aqualab Water Activity Meter, and the moisture
content was determined by overnight oven drying at
105 °C. The sensory evaluation was carried out by 30
untrained panelists (aged 18-45 years). The 9-point hedo-
nic scale was utilized for all liking ratings. Liking scores of
all the attributes (color, aroma, sweetness, and overall
acceptability) for each formulation were rated before pro-
ceeding to the next one.

Consumer acceptance test for the steamed rice cakes
stuffed with red bean filling

The optimal formula of the steamed rice cakes was stuffed
with selected red bean filling in a ratio of 10 g of shell per
20 g of filling and then covered with starch to prevent the
samples from sticking to each other. The consumer
acceptance test, a central location test (CLT), was con-
ducted. As for this study, a consumer panel consisted of 60
people (aged from 18 to 50 years) who used to consume
this kind of sweet. The 9-point hedonic scale was used for
acceptability ratings of all attributes (appearance, aroma,
sweetness, softness, taste acceptability, and overall
acceptability).

Statistic analysis

The mean and the standard deviation values of all results
were calculated. ANOVA and Duncan’s multiple range test
were performed to determine the difference between the
means, and the significance was defined at p < 0.05.

Fitting response value was done using the linear and
quadratic models.

Y = MX; + X5 + A3X;5 (linear)

Y =M X + M0Xo + X3+ MAXi X + MA3X X
+ 7\.27\.3X2X3 (quadratic)

Y is the predictive dependent variable, namely starch
hydrolysis parameter (k and C.), sensory properties (color,
stickiness, softness, and overall acceptability), texture
profile analysis, color (L*, a*, b*), water activities, and
moisture content. A is constant coefficients for linear and
non-linear terms, and X is the proportion of actual
components.
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Results and discussion
Physical properties of the steamed rice cakes

The moisture content and a,, of the steamed rice cakes were
in the ranges of 58.19-61.52% on the wet weight basis and
0.954-0.984, respectively (Table 2). The results were
higher than those of Ji et al. (2007) who reported that the
moisture content and a,, of freshly steamed rice cakes were
39.5% and 0.92, respectively. This might be caused by the
different content of water used for formulation. The high
content of free water present in the freshly steamed rice
cakes was probably bound to the hydrophilic constituents,
e.g. starch.

The constraints of acceptable regression were the p-
value of the model which was less than 0.05 and the p-
value of the lack of fit which was higher than 0.05. Thus,
the linear model of the moisture content and a,, could not
be generated (p > 0.05) though the significant differences
of these responses were found among ten formulations.

The results of the color measurement in terms of L*, a*,
and b* values are presented in Table 2. The regression
coefficient exhibited that the amount of GRF had the
greatest influence on the L* value (Table 4). The response
plot for the L* value with respect to the mixture proportion
is presented in Fig. 1a. The response plot expressed that the
L* value increased when there was an increase in the GRF
amount. This probably related to the original color of GRF
which was quite light. The a* values of the steamed rice
cakes were varied from 10.48 to 13.68 indicating the red
direction while the b* values were in the range of
1.35-4.35 denoted as yellowness (Table 2). The amount of
mixture proportion was significantly affected the a* and b*
values of the steamed rice cakes. The highest value of
redness was obtained when the high amount of RF was
used (Formulation No. 3). This results might be affected
the natural color of RF which possessed anthocyanin pig-
ment leading to dark reddish color. However, the correla-
tion among the responses of the a*, b* values and the
experimental levels of each factor could not be generated at
the linear model (p > 0.05).

Sensory analysis of the steamed rice cakes

In this study, we proposed to substitute GRF with RF in
order to reduce the GI of the steamed rice cakes. There was
a report indicating that riceberry oil extracted from a bran
part of riceberry grain could significantly improve blood
glucose, insulin levels, and GLUT4 transporter as well as
lipid profiles in streptozotocin (STZ)-induced hyper-
glycemic rats fed a high-fat diet (Kongkachuichai et al.
2013). Since riceberry grain was graded as a medium

amylose rice with 20.92% of amylose content (Popluechai
et al. 2012), the texture of the steamed rice cakes might
exhibit harder and less sticky. XG, the thickening agent
widely used in combination with starch in foods, was thus
used for physical properties improvement and ameliorating
glycemic control.

The mean values of the hedonic ratings for sensory
attributes of the steamed rice cake sample obtained from
ten formulations are shown in Table 2. The scores for all
sensory properties were rated from 6 to 7, and there were
no significant differences among samples for each sensory
attribute.

The correlation between the mean values of the sensory
scores (softness and overall liking) and the mixture pro-
portion are presented in Table 4. Coefficients of regression
equation showed that the amount of GRF was the variable
that most affected the scores of softness. The response
surface contour plots (Fig. 2b) indicated that the GRF
increase provided higher scores of softness. The previous
finding confirmed that GRF consisted exclusively of
amylopectin which contributed to soft and sticky (Lu et al.
2013). As shown in Table 2, the highest score of overall
liking was obtained when the low amount of RF and XG
was used (Formulation No. 8). The response plot of overall
liking (Fig. 2c) was explained by a quadratic model
(Table 4) with significant interaction effects among func-
tional ingredients.

Texture properties of the steamed rice cakes

The instrument TPA attributes (hardness, adhesiveness,
cohesiveness, springiness, chewiness, and gumminess) of
the steamed rice cakes obtained from ten formulations are
shown in Table 3. The results indicated that hardness,
adhesiveness, and gumminess values for ten formulations
were higher than those of the control sample while the
values of cohesiveness and springiness attributes for ten
formulations were similar to those of the control sample.
However, the chewiness value of the control sample was
extremely higher than that of ten formulations.

The hardness of the steamed rice cake samples varied
from 3.141 to 6.854 N depending on the mixture propor-
tion (Table 3). Coefficients of regression equation showed
that the XG content had a major influence on the hardness
as it increased when there was an increase in the XG
amount (Table 4). The similar results were reported by Cai
et al. (2016) who revealed that there was an increase in the
hardness of gluten-free noodle when XG was incorporated.
Xanthan gum could enhance the stiffness of the mixture
due to its rigid and randomly oriented molecules which
reduced the mobility and diffusion of the co-solute (Man-
dala et al. 2002; Mandala and Palogou 2003). In this study,
the properties of the system might be governed by mixed
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Table 2 Experimental results of moisture content, water activity, color parameters, and sensory analysis of the steamed rice cakes

1S

Overall
liking

Softness

Sensory score®
Stickiness

Color

b*

a*

Color parameter®

L*

a,”

Moisture® (% on wet weight

basis)

Formulation

‘%
4

Springer

1.38 £ 448a 623 £ 1.55a 597 £ 1.67a 6.03 £ 1.54a 6.00 £+ 1.58a

25.57 £+ 0.26b 12.74 £ 0.32abc

0.973 £+ 0.001bc

60.32 £ 0.24b
58.19 £ 1.01d

11.84 £+ 0.24bcde 2.29 £+ 0.22a 6.00 + 1.58a 6.27 & 1.44a 6.17 + 1.72a 6.37 + 1.45a

13.68 £ 0.74a

0.962 £ 0.003def 29.65 £ 0.20c

3.66 £ 0.53a 647 £ 1.46a 640 £ 1.67a 6.17 £ 1.88a 6.63 + 1.54a

24.48 £ 0.38ef

0.954 + 0.003 g

58.35 £ 0.25d
58.38 £ 0.35d

357 £ 035 653 £ 14la 6.13 £1.59a 6.63 £ 1.38a 6.47 £+ 1.31a

13.63 £ 0.46a

24.77 £ 0.12def

0.968 + 0.003bcd  31.35 £ 0.80b

0.975 £+ 0.005b
0.964 + 0.002cde

4.02 £ 0.6la 623 = 1.59a 6.10 & 1.52a 6.00 £ 1.49a 6.10 £ 1.42a

10.79 £+ 1.52de

60.23 £ 0.36bc
61.52 £ 0.07a

435 +0.6la 633 £ 1.58a 6.07 £ 1.70a 6.10 £ 1.60a 6.33 + 1.45a

11.48 + 0.48cde

13.23 £ 0.44ab
10.48 £ 1.33e

29.22 £+ 0.93¢

399 £0.20a 6.13 £ 1.55a 6.07 £ 1.87a 6.10 £ 1.71a 6.27 & 1.60a

0.966 £ 0.004bcd 24.29 £ 0.09f

0.984 £ 0.002a

59.28 £ 1.29bcd
59.00 £ 0.59 cd

399 £0.20a 6.40 £ 1.38a 6.50 £ 1.63a 6.57 £ 1.57a 6.73 &+ 1.39a

32.28 £+ 1.03a

321 £0.13a 6.03 £ 1.64a 623 £1.68a 6.17 £ 1.53a 6.47 £+ 1.53a

13.68 £ 0.63a

0.968 £ 0.005bcd  25.37 £ 0.19de

59.34 £ 1.01bcd
56.99 £ 0.55e
60.11 £ 0.89

1.35 £458a 633 £ 1.52a 6.07 £ 1.53a 6.03 £ 1.43a 6.37 + 1.25a

9.69 + 0.76

25.72 £+ 0.20d 11.94 £+ 0.21bcd
0.55 £ 0.11

97.56 + 0.36

0.955 £ 0.006 fg
0.958 + 0.006

10

7.04 £ 138 798 176 7.66 + 1.57

7.23 £1.23

Control

“Mean = standard deviation based on triplicate measurements. Means within each column (except for ‘Control’) followed by different letters are significantly different (p < 0.05) using DMRT

®Mean =+ standard deviation based on 30 consumer responses and on a 9-point hedonic scale, wherein 1 = dislike extremely, 5 = neither dislike nor like, and 9 = like extremely

“Formulation numbers corresponds to the numbers shown in Table 1

components. According to the research of Russ et al.
(2016), it showed that the addition of XG into a pure starch
gel contributed to a micro-phase separation as visualized
by confocal laser scanning microscopy. Due to the fact that
the XG molecules separated into local domains for the
whole system, the interactions of the starch-XG did not
occur.

Adhesiveness is a primary function of a surface char-
acteristic that depends on the viscoelastic property. It is one
of the undesirable characteristics of the steamed rice cakes,
which is an extent measure of the steamed rice cake
attachment to teeth. The adhesiveness values of the
steamed rice cakes obtained from ten experiment runs were
varied between — 0.159 and — 3.199 N-sec which were
higher than those of the control sample (Table 3). The
regression coefficient showed that XG was the variable that
most affected adhesiveness by the positive effect (Table 4)
indicating that the steamed rice cakes containing high XG
amount had a higher surface stickiness when compared to
those with low XG amount. Han et al. (2011) reported that
the adhesiveness of the rice noodle was increased when XG
was incorporated. It seemed that XG residing on the rice
cake surface directly affected the adhesiveness.

Cohesiveness is an index indicating how well the pro-
duct withstands a second deformation related to its
behavior under the first deformation. As seen in Table 3,
the cohesiveness values obtained from ten formulations
were similar to those obtained from the control sample.
The low structure of cohesiveness was obtained when high
RF amount and low XG content were employed (Formu-
lations No. 3, 5 and 6). The XG addition could improve the
cohesiveness explained by the relationship between mix-
ture proportion and cohesiveness values as shown in
Table 4. The regression coefficient showed that XG was the
variable that most affected cohesiveness by the positive
effect indicating that the cohesiveness of the steamed rice
cakes increased with the XG increase. Similar results were
found by Mandala and Bayas (2004), who reported that the
starch gel strength increased with the increase of XG
concentrations. It could be suggested that more compact
network might be formed in the steamed rice cakes con-
taining XG.

Springiness or elasticity is a sensitivity of gel rubberi-
ness in the mouth and is a measure of how much the gel
structure is broken down by the initial compression. High
springiness appears when the gel structure is broken into a
few large pieces during the first texture profile analyzer
compression, whereas low springiness results from the gel
breaking into many small pieces. Less springy gels more
easily break down during mastication than firm and spring
gels. In this study, the springiness values obtained from ten
formulations were in the range of 0.169—0.269 which were
slightly lower than those of the control sample. The
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«Fig. 1 The 3D response of the softness liking score (a), overall
acceptance (b), L* value (c), hardness (d), adhesiveness (e),
cohesiveness (f), springiness (g), gumminess (h), and estimated GI
(i) affected by riceberry flour (X1), xanthan gum (X2) and glutinous
rice flour (X3)
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Fig. 2 Enzymatic hydrolysis curves of the steamed rice cakes

coefficients of regression equation showed that the GRF
amount was the variable that most affected springiness
(Table 4). As seen in Fig. 2g, the higher amount of GRF
was used and the higher springiness values were obtained.
This indicated a high recovery of gel height after the first
compression. This is also in accordance with the studies of
Guo et al. (2003) who reported that the substitution of
wheat flour with glutinous flour in noodle exhibited a
higher springiness.

Gumminess represents the amount of energy required to
disintegrate a semisolid food to a state of readiness for
swallowing. As can be observed, the gumminess values of
the steamed rice cakes obtained from ten formulations were
in the range of 2.435-6.460 N which were higher than
those obtained from the control sample (Table 3). The
values of gumminess had an increasing trend with the
increase of XG concentration which was similar to the
trend shown for hardness. The gumminess value is deter-
mined by hardness multiplied by cohesiveness; the higher
value of hardness led to the greater value of gumminess. As
shown in Table 4, the regression coefficient showed that
XG was the variable that most affected gumminess by the
positive linear effect indicating that XG is the most
important influence on this parameter. The similar trend
was obtained by Sanguinetti et al. (2015) indicating that the
fresh pasta’s dough made with a higher amount of xanthan
gum resulted in a more gummy dough when compared to
that made with the lower amount of XG.

Chewiness is a quantity to simulate the energy required
for masticating a semisolid sample to a steady state before
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the swallowing process. The chewiness values of the
steamed rice cakes were varied from 0.594 to 1.454 N-s
which were extremely lower than those of the control
sample (Table 3). The amount of mixture proportion was
significantly affected chewiness values of the steamed rice
cakes; however, the correlation between the response and
the experimental levels of each factor could not be gen-
erated at the linear model (p > 0.05).

Enzymatic hydrolysis of the steamed rice cakes

The hydrolysis curves of the steamed rice cakes were
illustrated in Fig. 2. All regression curves were coincident
to the experimental data with the R? in 0.977-0.986 as
listed in Table 3, and the equilibrium concentration (C.,),
kinetic constant (k), and the area under the curve (AUC)
were evaluated accordingly. A higher C,, showed that the
samples were easily digestible, and a lower C,, implied the
presence of indigestible components in the sample. In this
study, the steamed rice cakes containing high GRF amount
(Formulation No. 4) performed higher C,, than the other
samples (p < 0.05). The relationship of mixture proportion
on C, could be generated and the coefficients of the
regression equation are shown in Table 4. It was found that
the amount of GRF was the variable that most affected C,
which predicted to be digested in a short duration by the
gastrointestinal system of the human body after consump-
tion. The research of Noda et al. (2003) showed that the
apparent amylose content in raw rice starches was nega-
tively correlated with digestibility. A higher amylose
content generally resulted in a more regular molecular
arrangement in the structure along with a higher crys-
tallinity (Chung et al. 2011) which was resistant to diges-
tion by enzymes.

The kinetic constants (k) value displayed a slope of the
hydrolytic curve, and this mathematically denoted as a rate
of hydrolysis. Generally, a steep slope of the hydrolytic
curve represented that the sample contained a definite
portion of rapidly digestible starch. On the contrary, a
gentle slope denoted the existence of slowly digestible
starch in starchy food. In this experiment, the k values of
the steamed rice cakes were in the range of
0.015-0.019 min~'. The formulation containing the high
amount of GRF (Formulation No. 8) exhibited the highest
value of k. This was in accordance with the study of Ferng
et al. (2016) who reported that the k value of chiffon cakes
made from glutinous rice was higher than that of the cakes
made from indica and japonica rice.

Estimated glycemic index, eGI

The hydrolysis index (HI) and the estimated glycemic
index (eGI) were listed in Table 3. The correlation equation
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Table 4 Regression coefficients and correlation of the adjusted model to experimental data in D-optimal mixtures design for physical properties,
texture profile analysis, hydrolysis parameters, hydrolysis indices, and estimated glycemic indices of the steamed rice cakes

Variable M (RF) M (XG) 23(GRF) Aho M3 Mz Adj. R?
Physical property

L* 0.274 -0.181 0.391 - - - 0.593
Sensory analysis

Softness 0.060 0.038 0.072 - - - 0.570
Overall liking 0.063 0.392 0.122 —3401 x 107 —7.891 x 10* —5.692 x 107  0.757
Texture profile analysis (TPA)

Hardness (N) 0.081 0.131 —-0.047 - - - 0.721
Adhesiveness (N-sec)  0.024 3.606 0.278 —-0.039 —3.699 x 10° - 0.051 0.888
Cohesiveness (s) 8.567 x 107 0.118 0.043 1140 x 107 5668 x 10* —1.651 x 10°  0.890
Springiness (s) 1.956 x 102 —8.106 x 10* 3358 x 10° — - - 0.466
Gumminess (N) 0.055 0.106 -0.021 - - - 0.609
Hydrolysis parameters

Co (%) 0.499 0.434 0.592 - - - 0.626
HI 0.468 —3.339 0.626 0.047 5.781 x 107 0.028 0.765
eGI 0.654 — 1.436 0.741 0.026 3.174 x 107 0.016 0.765

of glucose syrup and 40 g of sucrose. It could be concluded
that the samples contained isomaltulose exhibiting the high
moisture content and a,,. This indicated that there was more
water susceptibility than microbiology spoilage reactions.

The liking scores obtained from the sensory evaluation
were in the range of six to seven for all attributes. The
overall liking of filling with 100% of isomaltulose corre-
sponded to “like slightly” on the hedonic scale (data not
shown). Although the sweetness of filling with 100% of
isomaltulose was scored lower than the others, the signif-
icant difference was not found among three formulas
(p > 0.05).

The red bean filling with 100% of isomaltulose exhib-
ited the lowest C., and k values (p < 0.05) which denoted
the existing slow digestibility. The structure of isomal-
tulose was composed of glucose and fructose which was
similar to sucrose but joined by a stronger glycoside bond
type o-(1, 6) which was slowly hydrolyzed by intestinal
disaccharidases thus caused an attenuated blood glucose
and insulin response, a property which might be particu-
larly favorable for diabetics (Lina et al., 2002). On the
whole, the eGI values of filling were lower when the
substitute levels with isomaltulose were higher. In case of
100% of substitution, the eGI value was lowest to 52.75.

As the differences of liking scores obtained from the
sensory evaluation between filling with 100% of isomal-
tulose and the control sample were practically non-existent,
the samples which had the highest levels of isomaltulose
were chosen on a basis of the advantages to consumer
health.

@ Springer

Consumer acceptance of the steamed rice cakes
with red bean filling

The steamed rice cakes composed of 60% sticky rice flour,
39% riceberry flour, and 1% of xanthan gum were stuffed
with red bean filling prepared from 100% replacement of
total sucrose content with isomaltulose. The mean accept-
ability ratings were 6.60, 6.73, 7.23, 7.62, 7.43, and 7.34
for appearance, aroma, sweetness, softness, taste accept-
ability, and overall liking, respectively (data not shown).
This indicated that the steamed rice cakes with red bean
filling were generally acceptable to consumers who par-
ticipated in this study. Finally, the eGI value of this product
was 70.90 classified as the medium GI food.

Conclusion

The in vitro hydrolysis showed that the substitution of
glutinous rice flour with riceberry flour and xanthan gum
contributed to the lowering eGI values of the steamed rice
cakes. The number of ingredients used also had an impact
on the texture properties present in this work. If compared
to the control sample, the substitution with riceberry flour
and xanthan gum extremely increased hardness, adhesive-
ness as well as gumminess in which xanthan gum was the
variable that had the most effect on those attributes. The
optimized ingredient parameters were found to be 60%,
39%, and 1% for glutinous rice flour, riceberry flour, and
xanthan gum, respectively, which resulted in “like mod-
erately” for overall acceptability. Further, the red bean
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filling used isomaltulose as a sucrose replacer showed that
the substitution level at 100% resulted in the lowering eGI
value (52.75) when compared to that of the control sample
(65.77) while the scores of sensory acceptance were not
significantly different among them. Lastly, the optimum
steamed rice cakes stuffed with the red bean filling with
100% isomaltulose substitution for sucrose expressed that
the eGI value equal to 70.90 was classified as the medium
GI food.
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ARTICLE INFO ABSTRACT
Article history: Brownie is a bakery product with the main composition of
Received: 23 June, 2020 wheat flour. Therefore, this research was to develop brownie made
Revised: 6 August, 2020 from three colors of bean (black-, white-, and red kidney beans) to
Accepted: 31 August, 2020 replace wheat flour and to add nutritional value to the brownie. Based

Available online: 15 February, 2021 on the results of the selection of basic brownie recipes, consumers

DOI: 10.14456/rj-rmutt.2021.4  rated the most preference recipe from The Health and Cuisine

Keywords: brownie, beans, magazine (S3). The score was in the range of 7.2-7.9 (moderate
sensory evaluation, nutrition,  preference) due to its higher chocolate and cocoa composition than
physical properties the basic S1 and S2 recipes. Therefore, the S3 recipe was a prototype

in the development of three-colored bean brownie, which was a 100%
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substitute for wheat flour. In the study of bean ratio (black: white: red),
the ratio was 50:25:25 (M1), 25:50:25 (M2) and 25:25:50 (M3). From
sensory evaluation, it was found that consumers rated the highest
preference recipe for M2 in taste and overall liking, significantly
(p < 0.05). The score was in the range of 6.8-7.5 (slight to moderate
preference). For the physical properties of M2, its color showed L*, a*
and b* as 6.75, 2.24 and 1.18, respectively. Its water activity (a,,) was
0.75. The nutritional value of 3 recipes of three-colored bean brownie
products in comparison with S3 (50 grams of weight per serving was
used in the calculation) showed that all three-colored bean brownies
contained protein and fiber with the increased average volume by
14.31 and 67.72%, respectively. According to customer acceptance
testing (100 persons), it was found that 88% of consumers accepted

and were willing to purchase brownie M2.
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