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Abstract
Germination can minimize beany flavor, change phytochemical compounds, and
functional properties. Better acceptance of germination-based products; likewise, soluble
protein is good for diet-related to metabolic syndrome which is known to experience
inflammation. Phenolic, one of the phytochemicals is antioxidant and has the potential to
be anti-inflammatory. This study aimed to determine the effect of germination time on
sensory, total phenolic, and soluble protein contents of red kidney bean sprouts milk
(RKBSM), and its anti-inflammatory effect. The red kidney beans were germinated for 0,
10, 20, and 30 hrs. With a ratio of 1: 8, the red kidney bean sprouts and water were
blended, filtered, and add with 5% sugar. The sensory test (color, taste, flavor, and
viscosity) was performed by using the 5-point hedonic scale, extremely dislike (1) to
extremely like (5); determination of total phenolic by the Folin-Ciocalteu, and soluble
protein with Lowry method. The anti-inflammatory test using the hind paw edema method
using carrageenan-induced rats. The selected formula was RKBSM with 30 hrs of
germination with neutral-moderately like score sensory, and rich in phenolic antioxidants
(583.85 mg/L), protein (6.54%), and soluble protein (33.65%), but low in fat (0.1%) and
carbohydrates (4.48%). The higher the phenolic dose of the selected RKBSM (8 mg/Kg
BW), the higher the anti-inflammatory potency (44.74%) and the motility score (1.42).
Longer germination time, higher total phenolic, and soluble protein. Higher phenolic
levels increased the anti-inflammatory effect in carrageenan-induced rats.

1. Introduction
Red kidney bean (Phaseolus vulgaris L.) is known to
be high in fiber (4%), protein (29.1%), unsaturated fatty
acids, and vitamin E (Hayat et al., 2014). It also contains
a large number of phytochemical compounds including
phenolic, flavonoids, vitexin, and isovitexin (Luo et al.,
2016). It has the highest antioxidant activity compared to
other types of legumes (Kiyani-Sam et al., 2015).
Legumes are generally rich in polyphenols which are
proven to protect LDL against oxidation and reduce LDL
absorption (Winarsi et al., 2012). The bean also contains
resistant starch, vitamins, and fructooligosaccharides
which have been proven to protect the body from
oxidative stress, heart disease, diabetes, cancer, and
metabolic syndrome (MetS) (Oomah et al., 2010). Like
other legumes, the red kidney beans contain anti*Corresponding author.
Email: winarsi12@gmail.com

nutrients that often bother the consumers. Germination is
one of the methods to minimize the anti-nutrients.
During the germination of red kidney beans, there is
an increase in the secretion of hormones and enzymes
that hydrolyze food reserves, transport the soluble food
and hormones to the growth point, and assimilation
(photosynthesis). The germination also causes the
activation of hydrolases (protease, lipase, and
carbohydrase). The protease immediately converts
protein molecules into amino acids, the starch deposits
are broken down by carbohydrase into maltose and then
glucose, and the fat content is broken down by lipase
into fatty acids (Chaudhary et al., 2013). Therefore, the
amino acids, fatty acids, and glucose contents of red
kidney bean sprouts are higher than the un-germinated
red kidney beans.
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The previous studies have reported that germination
time affects the phenolic content, as well as the protein
content (Martinez et al., 2012). Germination can cause
changes in phytochemical compounds and their
functional properties due to aerobic respiration and
biochemical metabolism. There are several antioxidants
and antioxidant-related substances in sprouts. The
highest contents in sprouts are phytosterols, vitamin E,
phenolic, and some minerals. Nguyen et al. (2015) added
that phenolic has the potential to be anti-inflammatory.
Protein-rich products can make you feel full longer.
Thus, the next energy intake can be suppressed which
results in weight loss (Winarsi et al., 2016). Besides that,
germination eliminates some antinutrients and flatulence
-causing
compounds;
thereby,
improving
the
acceptability of the processed product such as RKBSM.
However, until now there has not been found a preferred
RKBSM formula, rich in protein and antioxidants, which
has the potential to be anti-inflammatory. Therefore, this
study aimed to obtain the best RKBSM formula based on
sensory, phenolic antioxidant and protein content. In
addition, it is also to find out the anti-inflammatory
potential of the RKBSM.

at 80°C for 45 mins while stirring. The boiled milk was
then put into a bottle and cooled at room temperature
(Fidelis et al., 2014).
2.3 Sensory test
The sensory test using by a hedonic test was
performed by fifty-five untrained panelists (panelists
who had an average ability level and did not receive
formal training) (Moskowitz et al., 2012). Sensory tests
included the tests on color, taste, flavor, and viscosity
attributes using 5-point hedonic scale questionnaire
method as follows: 1=extremely dislike, 2=moderately
dislike, 3=neutral, 4=moderately like, and 5=extremely
like.

2.4 Determination of total phenolic content
The analysis of total phenolic content was performed
following the Folin-Ciocalteu method in Amirdivani and
Baba (2015). A triplicate testing was performed.
2.5 Determination of soluble protein content

The soluble protein content was determined
following the Lowry method (Pomory, 2008). Triplicate
testing was performed. The sample was weighed 1 g into
2. Materials and methods
a measuring flask and added with 10 mL distilled water.
This experimental study used a completely The mixture was transferred into an Erlenmeyer flask
randomized design with several stages. All animal and shook for 15 mins at 157 rpm. About 1 mL of the
experiments were equipped with ethical clearance mixture was sampled and added with 8 mL of Lowry B
obtained from the Faculty of Medicine, University of reagent. It was left for 10 mins and then added with 1
Jenderal Soedirman, Purwokerto, Central Java, mL of Lowry A before standing for 20 mins. The
Indonesia, with Number Ref: 3428/KEPK/VIII /2018, absorbance at a wavelength of 600 nm was measured and
August 1, 2018.
calculated with the formula:
2.1 Production of red kidney bean sprouts

Dissolved protein levels (% wb) = (X × DF × 100) /
(initial
sample weight (mg)) × 100%
The red kidney beans were sorted, separated from
various impurities, washed with running water, soaked
Where X is the protein concentration and DF is the
for 12 hrs, and then drained. The red kidney beans were diluent factor.
germinated in a plastic basket container with a moistened
flannel cloth under the basket, then covered with a dark 2.6 Anti-inflammatory test
cloth. The germination was employed for 0, 10, 20, and
2.6.1 Preparation of 1% carrageenan suspension
30 hrs at room temperature so that the length of the
Carrageenan was weighed as much as 0.1 g, adding a
sprouts reached 0.5-1.5 cm and did not have branched physiological solution of 0.9% NaCl to a volume of 10
roots. Every eight hrs, 10 mL of water was sprinkled mL (Pradeepkumar et al., 2015).
evenly on 50 g of red kidney beans (Okereke, 2008).
2.6.2 Determination of RKBSM anti-inflammatory
2.2 Production of red kidney bean sprout milk (RKBSM) activity in animal trial
The red kidney bean sprouts were washed
thoroughly without peeling the skin. The sprouts and
water were blended in a blender at high speed with a
ratio of 1 kg of red kidney bean sprouts to 8 L of water.
After blending, the sprouts and water were filtered using
a filter cloth so that a white liquid called RKBSM was
obtained. After adding 5% of sugar, RKBSM was heated
eISSN: 2550-2166

Anti-inflammatory activity was carried out by the rat
hind paw edema method using carrageenan as induction
of acute inflammation (Singh et al., 2008). The activity
was calculated as the percentage of anti-inflammatory
potency and motility score. Male Wistar rats 25 tails,
aged 2-3 months, weighing 110-150 g were adapted for 1
week and fasted for 18 hours, while drinking water was
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Smirnov, followed by one-way ANOVA and LSD test,
while the motility score was analyzed using the Kruskal
Wallis non-parametric test and the Mann Whitney U-test.

The next intervention was as follows: group I,
Negative control, given distilled water; II, positive
control, was given sodium diclofenac, 4.5 mg/Kg BW
rats; III, IV, and V were given RKBSM with total
phenolic equivalent of gallic acid 4, 6, and 8 mg/Kg BW
respectively. After 30 mins of intervention, the volume
of the left leg is measured by dipping the rat's leg into
the plethysmometer which is expressed as Vt.
Measurements were made with testing time intervals
every 30 mins for 4 hrs (Vazirian et al., 2014).
Percentage increase in foot volume rat edema calculated
based on the following formula:

There was an effect of germination time on the
preference of RKBSM taste (P<0.05). The highest taste
score was found in the RKBSM with a 20 h germination
time (3.25), but the score was not significantly different
(P>0.05) from the RKBSM with a 30 h germination time
(3.05) (Figure 1). It means that the longer the
germination time, the sweeter the taste of RKBSM. The
germination process can reduce the glycosides saponins
and sapogenin contents which cause a bitter taste in
legumes and then convert them to sugar. The results of
this study were similar to the findings of Murugkar
(2014) and Ojha et al. (2014) which showed that the
taste of soybean sprout milk and the taste of tofu made
from soybean sprout milk was preferred than the
ordinary soy milk and the tofu made from the ungerminated - soybean milk because the germination
could improve the sensory properties of the product.
With the germination, many compounds turn into
precursors and contribute to providing a delicious taste.
The delicious taste makes consumers feel comfortable in
consuming the product. The amino acids resulting from
the breakdown of proteins with the reducing sugars
formed a delicious taste and flavor compound in the
food. The milk made from red kidney beans had the most
delicious taste compared to soybeans or cowpea.

(1)

Where Vt = Volume of legs after carrageenan injection,
and Vo = Volume of legs before carrageenan injection
After obtaining the data of % increase in the volume
of edema, then a relationship curve for the percentage
increase in edema volume with time. Then calculated
Area Under Curve (AUC) with the following formula:
(2)

Where Vtn-1= the average volume of edema on tn-1; Vtn=
the average volume of edema on tn.
The anti-inflammatory potency of RKBSM is
determined by the following formula:

3. Results and discussion
3.1 Effect of germination times on sensory RKBSM

(3)

While, the motility test is testing rat behavior, which
was observed every 5 mins for 4 hrs The scores were: 0,
if the rat goes with difficulty and avoids the inflamed
toes touching the floor; 1, if the rat goes with a little
difficulty but its feet touch the floor; and 2, if rat goes
easily (Amdekar et al., 2011).
2.7 Statistical analysis
The total phenolic and protein contents were
analyzed by using Analysis of variance (ANOVA). If
there was a significant effect, the analysis was continued
with Duncan’s Multiple Range Test (DMRT) at a 5%
significance level. The sensory variables were analyzed
using the Friedman test. If there was a significant result,
the multiple comparison tests were performed at a 5%
significance level. The effectiveness index was used to
find out the best RKBSM formula based on the aspects
of sensory, phenolic, and soluble protein content. The
anti-inflammatory potency was analyzed by Kolmogorov
eISSN: 2550-2166

Figure 1. Effect of germination time on sensory score of red
kidney bean sprouts milk. 0 hr, Ungerminated red kidney
beans; 10 hrs, Red kidney beans germinated for 10 hrs; 20 hrs,
Red kidney beans germinated for 20 hrs; 30 hrs, Red kidney
beans germinated for 30 hrs.

The germination time had a significant effect
(P<0.05) on the preference of RKSBM viscosity (Figure
1). The highest viscosity preference level (3.59) was
found in RKBSM with a 30 h germination time. If
compared to the RKBSM made without going through
germination, the preference level was very different
(P<0.05). It was likely related to the panelists’
preference for non-thick (thin) drinks. This finding
supports the opinion of Yogesh and Ali (2014) that the
© 2020 The Authors. Published by Rynnye Lyan Resources
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Each rat is weighed and foot volume is measured. The
left leg of all rats was injected with 0.1 mL of
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mins.
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milk made from germinated mung beans was preferred
by panelists than the one made from the un-germinated
mung beans. The milk made from the germinated mung
beans had a lower viscosity than the one made from the
un-germinated mung beans. Therefore, the longer the
germination time, the thinner the RKBSM viscosity and
the more favored by the panelists.

made from the un-germinated-soybean milk due to the
stronger unpleasant flavor.

The results showed that the germination time had a
significant effect (P<0.05) on the preference of RKBSM
flavor (Figure 1). The product with 20 hrs germination
time had the most preferred flavor (with a score of 3.16),
but this result was not different from the one with 30 hrs
germination time (P>0.05). The flavor was related to the
beany flavor or the unpleasant odor of the beans. The
unpleasant flavor of the red kidney beans might decrease
significantly after 20 hrs of germination. The loss of the
unpleasant flavor made consumers could consume
RKBSM with a pleasant flavor. This finding was in line
with the opinion of Pertiwi et al. (2013) who stated that
the germination time affected the preference of the flavor
of black soybean sprout milk, which was related to the
decrease in the unpleasant flavor. If compared to the ungerminated RKBSM, the panelists tended to prefer the
flavor of the milk made from germinated beans. Ojha et
al. (2014) asserted that the tofu made from soy milk that
had been germinated for 12 hrs was preferred to the tofu

reserve substances into energy and reduce the weight of
molecules and soluble compounds used to produce tissue
cells. The enzyme hydrolysis is also the impact of adding
more water, which strengthens the enzyme-substrate
interaction to produce more new products (phenolic).
Phenolic compounds are reported to be very suitable for
protecting cell membranes against damage caused by
reactive free radicals. These compounds can also reduce
LDL aggregation (Fernandez-Orozco et al., 2006) which
is the cause of cardiovascular heart disease (CHD). The
phenolic compounds are not only effective in preventing
oxidation in food, but they also act as a protective factor
against oxidative damage in the human body.
Epidemiological studies showed that consumption of
phenolic-rich foods correlated with a decrease in the
incidence of CHD, inflammation, and cancer (Ardekani
et al., 2011) which were associated with the development
of MetS. Fernandez-Orozco et al. (2006) also reported
that the germination increased the total phenolic content,

3.2 Total phenolic content of RKBSM

The germination time affected the total phenolic
content of RKBSM (P<0.05). The longer the
germination time, the higher the total phenolic content.
The germination time had a significant effect The highest total phenolic content (583.85 mg/L) was
(P<0.05) on the preference level of RKBSM color found in the RKBSM with a 30 hrs germination time
(Figure 1). The highest color preference level (3.63) was (Figure 2). This finding was in line with the opinions of
found in the RKBSM with a 30 hr germination time. It López-Amorós et al. (2006) who stated that the
might be related to the decreasing viscosity of the germination improved the quality of legumes. The
product with the longer germination time; thereby, the germination not only decreased the anti-nutrients but
milk color became clearer. This result was in line with also increased the amino acids, carbohydrates, dietary
the opinion of Pertiwi et al. (2013) who stated that the fiber, and bioactive compounds (including the phenolic
germination time affected the color preference of black compounds) contents.
soybean sprout milk. The longer the germination time,
the brighter the color of the RKBSM. Conversely, the
shorter the germination time, the darker the color. This
condition occurred because all pigments (one of them
was anthocyanin) in the husk of black soybean sprouts
dissolved when extracted at the beginning of
germination. The darkness of the color faded with longer
germination time. This finding was contrary to the
opinion of Ojha et al. (2014) who stated that the Figure 2. Effect of germination times on total phenolic content
germination time did not affect the color of the tofu of red kidney bean sprouts milk. 0 hr, Ungerminated red
made from germinated-soybean milk and the one made kidney beans; 10 hrs, Red kidney beans germinated for 10 hrs;
20 hrs, Red kidney beans germinated for 20 hrs; 30 hrs, Red
from un-germinated-soybean milk because both of them
kidney beans germinated for 30 hrs.
had very similar base colors (i.e. white). This opinion
was similar to Murugkar (2014) who asserted that the
An increase in phenolic content after 30 hrs
germination did not affect the color preference of germination may be due to the association between
soybean sprout milk because the milk made from enzyme activity and water availability. The water
germinated soybeans and the one made from un- absorption activates the stored enzymes and then
germinated soybeans had similar colors.
stimulates growth. The enzymes hydrolyze some of the

eISSN: 2550-2166
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3.4 The selected RKBSM formula

The effectiveness index testing was conducted to
determine the best formula (DeGarmo et al., 1984). The
highest effectiveness value (0.94) was obtained from the
RKBSM with a 30 hrs germination time based on the
effectiveness index test with weight parameters as
follows: 1 for total phenolic, 0.9 for soluble protein, 0.8
for flavor, 0.7 for taste, 0.6 for color, and 0.5 for
viscosity. The moisture, ash, and fat contents of the
3.3 Soluble protein content of RKBSM
selected RKBSM formula were 88.4%, 0.04%, and
0.1%, respectively. The selected RKBSM had high
The germination time affected the soluble protein protein content (6.54%) and low carbohydrate content
content of RKBSM (P<0.05). The highest protein (4.48%).
content (33.65%) was found in RKBSM with a 30 hr
germination time, but the protein content was not
The protein of the selected RKBSM is three times
different from the RKBSM with a 20 hr germination higher than the minimum limit of soy milk protein (2%)
time (P>0.05). This finding supported the study by Afify in the SNI (1992). Protein had a greater thermogenic and
et al. (2012) who stated that the soluble protein content satiety effect than carbohydrates. The protein of RKBSM
increased significantly during germination. The formed a greater calorie expenditure than carbohydrates.
increased protein content occurred because the Therefore, the protein could suppress hunger and
germination increased the activity of intrinsic enzymes appetite which eventually decreased the body weight.
(e.g., amylase, protease, phytase, and fiber-breaking Winarsi et al. (2019) reported that a high-protein diet
enzymes) which eventually improved nutrient produced a longer feeling of fullness than a low-protein
digestibility. Besides increasing protein digestibility, the diet; thereby suppressing the next energy intake. This
germination also improves the sensory properties of the condition occurred because the body did not have protein
product. Water-soluble proteins are generally in the form storage. Thus, the protein was immediately metabolized
of oligopeptides that have less than ten amino acid into energy. Therefore, it was important to do the
chains, and they are easily absorbed by the digestive germination before the RKBSM was made. Fidelis et al.
system. The increase in soluble protein content occurs (2014) added that the red kidney beans which were
because the germination activates the protease. The processed into dairy products had a better taste than the
protein is degraded by protease into soluble amino acids milk made from soybeans, peanuts, mung beans, or
with a smaller molecular weight; thereby increasing the cowpea. The fat content of selected RKBSM was low;
protein digestibility value (Ojha et al., 2014). The strong i.e., one-tenth of the minimum limit of the soy milk fat
bonds between the constituent components of the protein content (1%) determined by SNI (1995). The low-fat
are detached which allows the protein content and content in selected RKBSM could limit the energy
digestibility to increase. Protein digestibility is a intake. The fat deposits of the RKBSM were also low.
determinant of protein quality in foodstuffs. The greater The RKBSM also has another advantage. It can be a
the number of amino acids released by the digestion substitute for cow milk for people who have lactose
system within a certain limit, the higher the protein intolerance. These advantages make the RKBSM has the
digestibility. Winarsi et al. (2016) added that the potential as a functional drink for people with MetS.
germination time affected the protein content of
soybeans. The protein content in the flour of soybean- 3.5 The anti-inflammatory activity of RKBSM
sprout protein isolate was 42%, greater than its content in
The percentage increase in the volume of edema for
soy protein isolate flour (36.5%). Ojha et al. (2014) various time observations is shown in Figure 3. In the
showed that the tofu made from soybean sprout milk had negative control group, the volume of edema increased
a higher soluble protein content than the one made from up to 240 min. This proves that carrageenan is capable of
the un-germinated-soybean milk. It was similar to the being an inflammatory inducer. Amdekar et al. (2011)
statement of Luo and Xie (2014) that the soluble protein confirm that carrageenan as an inflammatory inducer
content in green and white fava beans germinated for 72 reaches its peak at the 4th hour so that the feet of rats
h also increased. Based on these opinions, there is a experience a maximum increase in volume. The increase
possibility that the protein content of RKBSM can is related to the release of histamine, serotonin, and
increase even more if the germination time is lengthened. bradykinin after carrageenan induction. While in the
positive control group the maximum increase in edema
volume occurred in the 60th min, then decreased to 240th
eISSN: 2550-2166

© 2020 The Authors. Published by Rynnye Lyan Resources

FULL PAPER

total peroxyl radical-trapping capacity (16-55%), and
Trolox equivalent antioxidant capacity (12-23%). The
germination also inhibited the lipid peroxidation. Thus,
the total phenolic content contributes to total antioxidant
capacity. Besides bioactive phenolic compounds,
legumes also contain vitamins and carotenoids which
have antioxidant properties. The activity of these
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enhance their antioxidant activities.
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min. Oral diclofenac can provide an anti-inflammatory
effect after 1 hr which inhibits the formation of
inflammatory mediators such as prostaglandins and
leukotrienes.

phenolic dose of 8 mg/Kg BW has the potential for antiinflammatory (lowering the volume of carrageenaninduced foot edema) which is the same as diclofenac
sodium.

Figure 3. The effect of phenolic of red kidney bean sprout
milk on edema volume of carrageenan-induced rats.

Table 1 also presents the percentage of the antiinflammatory power of RKBSM. The highest percentage
of anti-inflammatory potency (% AIP) in the positive
control group was 55.73±2.6%, compared to giving
RKBSM. The largest percentage of AIP was found in
RKBSM with a phenolic dose of 8 mg/Kg BW was
44.74%, while the smallest was found in a dose of 4 mg/
Kg BW was 23.03%. The greater the dose of phenolic
given, the greater the % AIP produced. Thus the antiinflammatory effect of RKBSM depends on the amount
of the phenolic dose given. The anti-inflammatory
potential of RKBSM was faster (4 hrs) than Reverri et al.
(2015) reported that in black bean the potential was seen
in the range of 36-48 hrs.

Anti-inflammatory activity was also observed based
on the motility score of experimental animals during
inflammation (Amdekar et al., 2011). The greater the
motility score, the better the rat runs (without teetering),
the greater the anti-inflammatory effect. The highest
motility score is in the positive control group
(1.73±0.44), while the lowest is the negative control
group which was 1.00±0.59 (not significantly different
from the 4 mg/Kg BW group) (P>0.05). There was a
significant difference between positive controls group
and all treatments of milk red bean sprouts (P<0.05) in
improving the rat behavior. The highest motility score
The AUC value describes a decrease in the volume was found in the treatment of RKBSM dose of 8 mg/Kg
of edema in the rat feet. Therefore, the smaller the AUC BW which was equal to 1.42. Thus, the greater the
value, the smaller the increase in the volume of rat feet phenolic dose is given, the greater the motility score
edema, the greater the ability to reduce the volume of the obtained, the better the rat runs (without teetering), so
edema. The AUC value in the negative control is the the anti-inflammatory potential was higher. Red kidney
highest, while the lowest positive control. It because bean sprout milk has anti-inflammatory activity
given in the negative control group only distilled water, associated with the presence of total phenolic content in
did not have an anti-inflammatory effect. The negative it. Therefore, RKBSM is very potential to be developed
AUC control values differed significantly from the as a health drink rich in antioxidants that have the
positive control group, as well as the RKBSM treatment potential to be anti-inflammatory.
group with a total phenolic 8 mg (P<0.05). But the AUC
The selected RKBSM formula with a 30 hrs
positive control did not differ from the group dose 8 mg/
Kg BW (P>0.05), meaning that RKBSM with a total germination time had color, taste, flavor, and viscosity
scores of 3.6, 3.21, 3.16, and 3.59 (between neutral and
In the group that was intervened with RKBSM with
phenolic levels of 4 and 6 mg/Kg BW, the volume of
edema decreased after 180 mins, while the dose of 8 mg/
Kg BW decreased after 210 mins. The results of this
study are following the findings of Anilkumar et al.
(2017) who stated that administration of total phenolic at
a dose of 4.1 mg/Kg BW reduced the volume of edema
at the 3rd hour. Data on the increasing volume of edema
can be used to calculate the Area Under Curve (AUC) of
each group, then to determine the percentage of antiinflammatory potency (Table 1).

Table 1. Area under curve and motility score of inflammatory carrageenan-induced rats
Treatment group
AUC ± SD
AIP (%)
Motility Score+SD
b
Negative control
1773.84±746.38
1.00±0.59a
Positive control
784.45±254.74a
55.73a
1.73±0.44b
RKBSM with 4 mg total phenolic

1362.2±411.821ab

23.03b

1.06±0.62ac

RKBSM with 6 mg total phenolic

1181.24±408.94ab

33.38c

1.24±0.43d

RKBSM with 8 mg total phenolic
983.33±279.58a
44.74d
1.42±0.49e
RKBSM, red kidney bean sprout milk; AUC, Area under Curve; AIP, anti-inflammatory potency. Different superscript letters
indicate a significant difference in a column.
eISSN: 2550-2166
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