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Abstract:- Broken rice is a by-product of low-value rice
mills in Indonesia, a country where pineapples are also
produced abundantly. The proteins derived from broken
rice, along with bromelin enzymes from pineapples can
potentially be used in the production of their vegetable
hydrolyzates, the demand of which has been increasing
lately. This study was designed to determine the
conditions suitable for the production of rice protein
hydrolyzates from broken rice using crude bromelain
enzyme. This study used flour from broken rice and its
protein isolates as substrate in the hydrolysis process
while using the crude extracts of bromelain enzyme as a
source of protease. In the initial stage, bromelain enzyme
activity was measured at pHs of 3, 4, 5, 6, 7 and 8.
Furthermore, rice flour and its protein isolate were
hydrolyzed by crude bromelin enzymes at a selected pH
for 1 and 3 hours with the changes in protein profile
later being analyzed at 1 and 3 hours after hydrolysis.
The result indicated that the protein content of rice flour
was 6.45% and the bromelain enzyme activity at 50 °C
was 3.28 U/mL. The intensity of all proteins decreases
after 1 hours of hydrolysis, with the exception of proteins
with a molecular weight of 65 kDa, which is still visible
after 3 hours hydrolysis. The best condition for protein
hydrolysis in rice flour and rice protein isolates by crude
bromelain enzyme is in pH 8 for a duration of 1 hour.
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I. INTRODUCTION

Rice is one of the cereals which are rich in protein and
calories, providing nutrition for millions of people in the
world, including some Asian and European countries[1].
The component of protein in rice, at 7-9% by weight, is not
high, nevertheless, it is a major source of the nutrient for its
consumers. Rice protein possesses unique nutritional
properties, in general hypoallergenic, rich in essential amino
acids[2]. It also serves as a suitable source of protein for
vegetarians as it is a suitable substitute for animal proteins
such as milk and can be processed into a variety of food
products[3].
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Rice has been studied for its disease-preventative
properties such as antioxidants, anti-carcinogenesis, anti-
mutagenesis, and anti-atherosclerosis[4-5]. In addition to
providing good nutrition, bioactive proteins in rice also
improve the health of its consumers and prevent diseases[6].
These proteins, such as short chain peptides are produced
from hydrolysis by protease enzyme. Rice protein
hydrolyzate obtained from alkalase hydrolysis showed anti-
hypersensitive effects both in vitro and in vivo studies[7-8],
and induces apoptosis in cell myocardiocytes HOC2[9].

The enzymatic process, which is perceived to be
cheaper and more appropriate is used in making the protein
hydrolyzate in industries as the process is faster and provide
protein hydrolyzate without losing a lot of essential amino
acids. Bromelain is a cysteine protease enzyme of plant
origin pineapple (Ananas comosus L), non-toxic and known
for its therapeutic properties[10]. This study was designed to
study the right condition for production of rice protein
hydrolyzates from broken rice using crude bromelain
enzyme.

Il. MATERIALS AND METHODS

A. Materials

Broken rice of the IR 42 variety were obtained from the
Central Rice Research Center, Sukamandi, Indonesia, then
milled, dried and sifted at 80 mesh. Ripe pineapples of the
Palembang variety were purchased from a local market at
Bogor, then peeled and the crude bromelain enzyme
extracted with an extractor.

B. Rice Protein Isolate

Rice flour was prepared as sources of protein isolate
according to de Souza et al. [11]. A part of rice flour was
extracted with 15 part of 0.18% NaOH for 30 min with stirrer
1000 rpm at a temperature of 25 °C. The suspension was
centrifuged at 4000 rpm for a duration of 5 minutes. The
supernatant was collected and the precipitate washed with 5
part 0.18% NaOH after which the suspension obtained was
centrifuged again at 4000 rpm for 5 min. The supernatant was
collected and the pH value was adjusted to 4.8 then the
protein precipitate was separated by centrifugation at 7000
rpm for a duration of 5 minutes and the precipitate was
collected and stored at a temperature of -20 °C.
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C. Chemical Analysis

Moisture, ash, fat, and protein contents of samples were
determined according to the standard methods of AOAC
(1990). The crude protein was determined by multiplying the
total nitrogen by 6.25 while the carbohydrate was obtained
by difference.

D. Determination of Enzyme Activity and Specific Activities

Measuring the activity of bromelain enzyme was
carried out according to Bergmeyer et al. [12] with
modifications. 0.05 mL of crude bromelain enzyme was
added to 0.25 mL phosphate buffer saline 0.05 M (pH 3, 4, 5,
6, 7 or 8) and 0.25 mL 2% casein. Then the mixture was
incubated at 50 °C for 10 min and centrifuged at 1500 rpm
for the same duration. 0.375 mL of supernatant were taken
and 0.125 mL of 0.4 M Na2CO3 and 0.25 mL of Folin
Ciocateau reagent (1: 2 dilution) were added and incubated at
37 °C for 20 min while absorbance was measured at a
wavelength of 578 nM. Aquades were used as controls and 5
mM tyosine was used as a standard. One unit of enzyme
activity shows the amount of enzyme that can hydrolyze 1
pmol tyrosine per min under test conditions.

E. Enzymatic Hydrolysis

The 25 mL of crude bromelain enzyme was added to
the 5 gr of rice flour and 1.6 gr rice protein isolates (adjusted
to make similar protein concentration). Hydrolysis was
carried out for 1 and 3 hours at 50 °C, and at selected pH and
normal pH of crude bromelain enzyme then it was terminated
by increasing the temperature of the mixture to 90 °C for 15
min.

F. Electrophoresis and Protein Profile Determination

Preparation of rice protein samples was carried out
using the SDS-PAGE method according to Laemmli [13].
The buffer sample was carried out with 4 mL aquabidest; 1
mL of 0.5 M Tris — HCI solution pH 6.8; 0.8 mL glycerol;
16 mL of 10% SDS solution; 0.4 mL solution o-
mercaptoetanol; 0.2 mL blue bromophenol 0.05%. The 15 g
of sample was mixed with 45 uL of the buffer sample, then
the mixture heated at a temperature of 95 °C. After cooling,
each 15 pL sample was loaded to the electrophoresis gel. The
4% stacking gel and 16% separating gel were used to
visualize the protein profile derived from the rice flour, rice
protein isolate, and protein hydrolysate by a Mini-Protean Kit
instrument (BioRad, USA, Model 1000/500). The gel was
stained with Coomasie Brilliant blue-staining solution and
gently shaken overnight using an electric shaker then
followed by destaining solution for 90 min and replicated
twice.
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I1l. RESULT AND DISCUSSION

The chemical composition of the rice flour from IR 42
variety is shown in Table 1. The table indicates that
carbohydrates are the main component, showing that the
chemical composition of the rice flour is slightly different
from that reported by Alonso-Miravalles et al. [14]. While
the protein content of rice flour according to their study was
8.2%, in this study, it is 6.45%. The protein level of IR 42
rice flour is lower but is still sufficient to be hydrolyzed
using bromelain in order to produce protein hydrolyzate.
The use of vegetable protein such as the one derived from
rice, is gradually gaining popularity because of its
contribution to environmental sustainability, economic
sources of the nutrient and a challenge for food security[14].

Component Value (%)
Water 14.26 + 0.37
Protein 6.45+0.24

Lipid 0.31+0.25
Ash 0.34+0.03
Carbohydrate 78.64 £ 0.37

Table 1:- Macronutrient composition of broken rice flour

The temperature, pH, enzyme activity and time for the
hydrolysis of rice flour can vary, therefore, it was necessary
to determine the perfect conditions for the production of rice
protein hydrolysate. Table 2 shows the temperature
optimization process of bromelain hydrolysis in terms of the
rice flour’s physical appearance. To apply bromelain
optimally for the production of rice hydrolysate protein, the
right physical structure of the rice flour is required because
when enzyme hydrolysis is too long or the temperature is too
high, the rice flour at 20% solution becomes pasta which
will potentially inhibit the production of rice protein
hydrolysate. According to data from Table 2, temperatures
of 50-60 °C for 1 and 3 h bromelain treatment is favorable
for the production of rice protein hydrolysate.

The bromelain enzyme used in this study is originally
from Palembang variety which is actual at pH 8 and 80
°C[15]. However, at this temperature the suspension of rice
flour and bromelain extract appears in pasta form. The
formation of the pasta shows that there has been an increase
in viscosity and gelatinization of starch in this suspension.
Rice flour is easier to gelatinize at high temperatures, which
start from 67.7-71.5 °C while it is perfectly gelatinized at a
temperature of 86.6-94.9 °C[16]. The increase in viscosity
and gelatinization temperature in rice starch varies
depending on the variety tested. In medium with high
viscosity there will be limitation of the bromelain action
during the protein hydrolysis[17]. Bromelain from the fruit
axis (core) of pineapple has an optimum temperature of 50-
60 °C, while that from pineapple meat has an optimum
temperature of 37-70 °C[18].
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Hydrolysis time (hours)
Temp. (°
emp. (°C) 1 2 3
50 Pasta Not Formed Pasta Not Formed Pasta Not Formed
60 Pasta Not Formed Formed Pasta Formed Pasta
70 Formed Pasta Formed Pasta Formed Pasta
80 Formed Pasta Formed Pasta Formed Pasta
Table 2:- Physically appearance of rice flour after bromelain treatment
. - . IV. CONCLUSION
pH | Enzyme activity (U/ml) | Specific activity (U/mg)
This study revealed that is possible to use crude
3 1.75+0.10 11114063 bromelain enzyme to produces rice protein hydrolysate. The
4 177+0.14 11.22+£0.10 optimum condition for production is at temperature 50 °C,
5 221+0.19 13.97 + 1.19 pH 8 for 1 hour incubation. Both rice protein in flour and its
isolate could be used to make rice protein hydrolysate which
6 2.13+0.37 13.49+2.32 will be an alternate choice for vegetarians and potential for
7 2.06 £0.11 13.03+ 0.70 functional food.
8 2.38+0.28 15.07 £ 1.77

Table 3:- Enzyme activity and specific activity of crude
bromelain enzyme extracts

Table 3 shows the activity of bromelain enzyme
extract at a temperature of 50 °C. The highest activity of
bromelain was obtained at pH 8, which was 2.38 U/ml or
15.07 U/mg. Bromelain activity at pH 3, 4, 5, 6 and 7 at 50
°C were lower. So, in the next experience we then
appearance bromelain at pH 8.

The electrophoresis result in Fig. 1 shows that all rice
protein was hydrolyzed using crude bromelain enzyme. This
experiment indicate that bromelain is effective used as
protease sources as the protein profile of the rice is similar to
those reported earlier by some researchers. The protein
bands at 13 — 16 kDa indicated the presence of albumin[19-
20], while those at 20 — 22 kDa pointed to glutelin which is
the basic subunit of the seed storage protein[21]. Glyoxalase
I (33 kDa) present in rice is one of the allergenic protein
alongside several proteins with lower molecular weight (13 -
22 kD)[20]. The globulin (65 kDa) and vicilin like-protein
(133 kDa)[20-21]. Whereas the crude bromelain enzyme
shows protein bands at 25 to 28 kDa which is in agreement
with that reported by others at 23 - 35.75 kDa[18].

Rice flour treated for 1 and 3 hours with the crude
bromelain enzyme show a reduction in the number of
protein bands. Those of less than 25 kD were degraded by
the enzyme and this degradation was completed by 1 hour
incubation. As some of these proteins were known to be
allergenic, this increased the utilization of rice peptides or
hydrolysate for health purposes. The protein bands of 65 kD
in the rice flour was more resistant to proteolysis, while that
of 33 kD was digested into smaller proteins. The 65 kD
protein only appeared in the rice flour but was present in
small quantities in the protein isolate; this protein might be
degraded or solubilised during the isolation procedure.
Bromelain seems to be more effective for the degradation of
rice protein when compared with the subtilisin element used
in earlier experiment[21].
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Fig 1:- Electroforesis of protein of the rice flour (A), rice
protein isolate (B), crude bromelain enzyme (C), rice flour
and rice protein isolate following hydrolysis with crude
bromelain enzyme at 1 hour (A1, B1) and 3 hours (A2, B2),
respectively. M is protein molecular marker
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