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Abstract

Consumers assume organic rice to be healthy. However, there are several
concerns regarding the bioactive compounds and sensory properties found
in organic rice. This study aims to examine the effect of the milling duration of
organic rice (0s, 30s, 60s, 90s and 120s) on its bioactive compounds (total
phenolic content, flavonoid content, and dietary fibre) and sensory properties
(taste, aroma, colour and texture). This study reveals that the degree of milling
and the degree of whiteness increase when the milling duration increases,
while the total number of phenolic, flavonoid, and dietary fibres decrease
significantly as the milling duration increases. Moreover, the moisture content
remains constant as the milling duration increases. Panellists can divide
the rice samples based on colour and taste into three distinct groups. The
overall liking of organic rice at different degrees of milling revealed that as
the milling duration increases, the overall degree of consumer’s preference
for the product also increases.
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Consumers purchase organic food items mainly
because they believe that they are more environment-
friendly, better in taste and healthier than food
crops cultivated using chemical pesticides and
fertilizers."2%4®% Qrganic rice is the most consumed
organic food products in Indonesia.6 Rice produced
with organic products, without any synthetic

pesticides or synthetic chemical fertilizers, is
believed to meet the health concerns in terms of
the absence of or reduced levels of undesired
chemical residues.” The percentage of organic rice
consumption compared to the total rice consumption
in Indonesia increased from 1.62 in 2011 to 5.02
in 2017.8 In order to explore the degree to which
organic rice production and consumption contribute
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to expected sustainability and health outcomes, not
only the manner of production but also considering
the method of consumption and the intake of organic
rice.®® The primary production of organic rice and
a part of the processing is regulated according to
set organic standards (e.g. IFOAM 2008), while
further processing and eating are not regulated by
any recognized body (WHO, DGE). Nevertheless,
organic rice can also be consumed as brown rice
(partly polished) or as white rice (polished).

Whole grain rice comprises unpolished grains,
commonly called brown rice, which is hulled directly
from rough rice, which remains the bran 6%-&%
and also the embryo 2%-3%."" It contains a higher
amount of micro-nutrient components, as compared
to white rice.'121314 Milling is one of the simple
ways to achieve rice stability and sensory properties
even though nutrients also get depleted.'®'® During
the milling process, the reduction of protein and
minerals'®'” Like other nutrients, phenolic and
flavonoid content is inevitably lost during the
process of milling rice. The outer layer of brown
rice consists rich of nutrient including amino acids,
dietary fibre, and vitamins. Our research group
has reported that bioactive compounds derived
from rice bran fractions consist of ferulic acid,
adenosine and L-tryptophan.'®'920 Besides, other
researchers reported that bioactive compounds
also consist of phenolic compounds, dietary fibres
and y-aminobutyric acid.?' Even though high of
bioactive content the consumption is still low due to
the sensory attributes.

The research revealed that the high white rice
consumption might lead the micro-nutrient
deficiencies.'>'32223 Some researcher has reported
there is a link the intake of refined carbohydrates
and the risk of diabetes.?*?% |n the other hand,
brown rice is linked to a lower risk of a non-
communicable disease?6272829.30.31 g5 well as
reduce the risk of metabolic-related diseases and
cancers.?233 3435 However, polished rice has more
value in marketplaces across the world, including
Indonesia.®®

In the response of organic 3.0, organic food it
must have a role model for the sustainable food
system,®” which mean, include primarily healthy

diets.®10.383940 Therefore, a demanding of organic
principles from farm to table is necessary. The critical
question is how to determine the processing methods
for organic raw materials.*'*2 The acceptance of
whole-grain foods is essential to connect better
sustainable organic agricultural practices and
processing techniques sustainable processing
for promoting a healthy diet.*® In these papers,
we, introducing rice milling methods to bioactive
compounds and sensory properties.

Materials and Methods

Sample

The organic rice samples of Sintanur cultivar were
harvested in July from a tropical rain-fed rice field
located in Tasikmalaya, Indonesia. The organic
rice field was certified according to the Indonesian
National Standard SNI 6729-2016 Sistem Pertanian
organik. The sample (organic rice) was cultivated
by an organic farming group (Gapoktan Simpatik
member of AOI - Indonesia Organic Alliance). A
batch of 50 kg was transported directly after harvest
to the laboratory Technopark, Bogor Agricultural
University, Bogor. From this lot, a sample of 250
grams in three replications was successively milled
for interval 30s from Os to 120s with Rice Test Mill
Model TMO5C (Satake Co., Hiroshima, Japan). Each
sample (50 g each) were contained and kept at room
temperature storage. The study was designed, as
shown in Fig. 1.

Determination of Degree of Milling

The Degree of Milling (DOM) based on the equation
where the weight of the rice bran compares to whole
brown rice as formulated below 44:

DOM = [1-(weight of milled rice/weight of brown
rice)] x 100 %

Determination of Degree of Whiteness

The analysis of the degree of whiteness using Kett
Photoelectric Tube Whiteness Meter for Powder
C300.

Determination of Total Phenolic Content

Folin Ciocalteu method was used to calculated total
phenolic content (TPC). ¢ Extract of 125 pL aliquot
diluted with 0.5ml distillate water and react with
reagent Folin- Ciocalteu about six minutes. Then, 7%
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aqueous Na2CO3 was added for about 1.25 ml up
to 3 ml. After incubation for 90 minutes, the mixture
was determined by spectrometer UV-1800 at 760

Sample of organic rice 250 g for
every mode of milling times
(triplicate)
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nm. The standard was gallic acid equivalent (GAE)
per 100 g dry basis (db).

Statistical analysis

Sensory analysis (Hedonic Test)

For Os, 60s and 120 s
Milling processing (Satake) with —
different milling times 0Os, 30s,
60s, 90s, 120s
Analysis of Degree of milling (DOM)
1. Degree whiteness
2. total phenoliccontent
Storing and distributing 3. flavonoid content
4. moisture content
P 5. dietary fibre

Fig.1: Study design

Determination of Total Flavonoid Content

The colourimetric method was used to determine
total flavonoid content.*s Extract of 300 pL was
added 1.5 ml distilled water. After that, 5% of
NaNO2 solution was added about 90 pL, then
incubate for six minutes and diluted for up to 3 ml.
Measurement of absorbance at 510 nm by suing
UV-1800 spectrometer and the measurement must
be immediately after incubation. Catechin equivalent
used as the standard per 100 g dry matter sample.

Analysis of Moisture Content (AOAC 2006)

The moisture content was calculated as following
steps: 1) Weighing of the empty dish after three hours
with a lid in the oven at a temperature of 105°C and
transferred to a desiccator for cooling. 2) Weighing
3 g of the sample then after three hours with a lid in
the oven at a temperature of 105°C for three hours
after it was transferred to a desiccator for cooling.
3) Re-weighing the dish and its dried sample. The
moisture content was calculated on db.

Analysis of Dietary Fibre
The sample was prepared in 0.3 mesh and mix with
buffer phosphate, then 0,1 ml were added in the

water bath for 15 minutes with temperature 100°C
and shake interval 5 minutes—adjusted pH to 7.5 by
adding 0.275 NaOH and let the sample to cool down.
Further, 5 g protease and 0.1 ml of enzyme solution
are added. The sample is incubated for 30 minutes.
Subsequently, it is allowed to cool, and 10 ml of
0.325 M HCL is added. Then adjusted to 4.0—4.6;
by adding 0.3 ml of amyloglucosidase; after that,
incubated at a temperature of 60°C for 30 minutes
with continued agitation. Addition of 280 ml of 95%
ETOH and heated at a temperature of 60°C for
60 minutes. Add 0.1 mg celite with 78% ETOH and
filtered. Add the residue by using 20 ml of 78% ETOH
(3x), 10 ml of 95% of ETOH and 10 ml Acetone (1x).
Dried the residue in a vacuum oven at a temperature
of 70°C or 105°C, until the constant weight. Then
weighed and calculated by using DF = a - (b)/w x
100, where a = weight of sample constant; b = weight
of ash; w = weight of initial samples.

Sensory Analysis

A total of 40 university students (16 male and 24
female) were recruited in the Sensory Evaluation
Laboratory, Universitas Bakrie, Jakarta. The
sensory evaluation follows the norm of ISO 13299:
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2016 Sensory-methodology-general guidance
for establishing a sensory profile. 46 sample was
cooked in a rice cooker with a rice-to-water ratio
of 1:2.5 for 45 minutes. A ratio scale was prepared
to measure panellist response by using a scale
line, 0 cm indicates extreme dislike and the 10 cm
indicates extreme-like. Panellist evaluates attribute
of aroma, taste, colour, texture as well as the overall
liking. Discriminant analyses were used to predict
to which group an observation would belong. Data
were presented by using a Principle Component
Analysis (PCA) to describe the characteristics of the
subjects’ responses.

Statistical Analysis

One-way statistical of ANOVA (SPSS 16.0, SPSS
Inc., Chicago, IL, USA). Significant different at

30
25

20

DOM (%)

10—

30 60
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p<0.05.The XLStat Sensory performed the Principle
Component Analysis (PCA).

Results and Discussion

Degree of Milling (DOM)

The increase in the milling time (0 s, 30 s, 60 s,
90 s, 120 s) corresponded to increasing average
DOM values at 0, 9.73, 13.08, 18.05 and 26.19%
respectively (Fig. 2). According to the Indonesian
rice standard SNI 2015 6128, the best quality of rice
required 100% DOM. The higher of DOM resulted
in higher sensory acceptance and implied higher
market value.® Furthermore, the study on rice’s DOM
was related to cultivar.*” However, the relationship
between nutritional and sensory properties and the
DOM was not investigated in their study.

26.19

15

y =5.4355x + 3.1757
R?=0.962

90 120

Milling time (s)

Fig.2: Relationship the degree of milling (DOM (%) versus the duration of milling (s)

Milling is the step in the processing of rice, where
husk and bran are removed. According to the
Indonesian rice standard 2015 (SNI 6128:2015),
premium rice should meet the requirement of 100%
polishing, or it should be equivalent to 54.47%
degrees of whiteness (for long grain) and 61.07%
degrees of whiteness (for short grain). After the
harvest, paddy rice undergoes the milling process.
In this process, pre-cleaner, de-stoner, rubber
rolls husker, paddy separator, polishing (abrasive
whitening, friction whitening, mist polishing), grading
and packaging is performed. During the polishing,
rice is separated into rice bran and brewer rice.
Polished rice in the milling processing aims to

remove the caryopsis, mainly the aleuronic, but
minimize the break/damage to grain. In the effect of
milling, processing whole kernels at 55%, broken
kernels at 15%, and rice bran and polished rice at
10% and hulls at 20% is obtained.*®

The Relation Between Milling Time and Moisture
Content

Moisture content indicates the rice grain quality. Rice
grains under 14% (d.b.) could prevent spoilage during
storage. According to the Indonesian rice standard
SNI 6128: 2015, premium rice should not have
more than 14% (db) moisture content. In this study,
the moisture content of rice ranged from 12.03 to
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12.30%.(db); and no relationship between increasing
milling time and moisture content. A previous study
stated that brown rice could be stashed away for
3—6 months at room temperature (23-34°C) in the
quality relatively constant if the grain is 14% moisture
content.**%° and in modified atmospheres packaging
as well as vacuum packaging showed a slow decline
in the quality.5"*2

Milling Time Versus the Degree of Whiteness
There was a change in the rate constant (slope)
during the milling process.' As the degrees of
whiteness increases, the DOM also increases, from
27.63% t0 51.62% as seen in Table 1. These trends
confirmed those of previous studies.S According to
the Indonesian rice standard 2015 (SNI 6128:2015),
a degree of whiteness of 51.48% for the short grain
is equal to 95% DOM.%

The Relation Between Milling Time and TPC

TPC significantly decreases with the increase in
milling time (p<0.05) from 295.41+6.99 GAE/100
gDW to 32.01+£1.79 GAE/100 gDW, as seen in
Table 1. The decrease in the TPC between 0 s to
30 s of milling time was two times greater compared
to 60 s t0120s. The study confirmed the result of
other studies that reported a decrease in TPC due
to increased milling time.** Previous studies revealed
that the relationship between nutrient loss and the
DOM shows that the loss of lipids, proteins, vitamins
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and minerals enhanced significantly as the DOM
increased.!1.12.1356

Whole brown rice can be potential as a source of
active compounds that are beneficial for micronutrient
deficiency.*”*® The brown rice consumption is
potentially preventing chronic diseases.**%° The
increasing the milling time has significantly lowered
the phenolics content in brown organic rice.

The Relation Between The Milling Time and The
Flavonoid Content

The phenolic profiles and flavonoid content were
present in the bran layer.'® 8! The flavonoid content
significantly decreases with the increase in milling
time (p<0.05), as seenin Table 1. At30st0 60 s, a
high amount of flavonoid content is released from
the rice during the milling process. The flavonoids
fall from 3.92 to 2.42 mg CE/100g DW as the milling
time rose from 0 s to 120 s.

The effect of rice processing to bioactivty of brown
rice; it has been reported that TPC declined
approximately 55.6% and the total antioxidant activity
decreased in approximately 92.8% during the milling
of brown rice till up to 9.6% of DOM.* Additionally,
bound forms of the total phenolic and flavonoids
decreased with an increase in the DOM. Other
research works revealed that the flavonoid content
of coloured rice is higher compare to white rice.®?

Table 1 Characteristic physicochemical in the difference of
0s, 30s, 60s, 90s and 120s milling times

Categories Milling time (s)
0 30 60 920 120
DOM (%) - 9.73 13.08 18.05 26.19
Degree of Whiteness (%) 27.63¢° 33.92¢ 40.74¢ 47.39° 51.622
+0.01 +0.12 +0.75 +0.56 +1.5
Total Phenolics Contents 295.412 107.11° 53.53¢ 39.46¢ 32.01¢
(mg GAE/100g DW) +6.99 +2.66 +1.20 +0.55 +1.79
Flavonoids (mgCE/100gDW)  3.922 3.64° 3.02¢ 2.814 2.42¢
+0.03 +0.07 +0.07 +0.04 +0.02
Dietary fiber (%) 11.612 11.34° 11.33° 11.29¢ 11.17¢
+0.14 +0.25 +0.11 +0.01 +0.06
Moisture Content (% d.b) 12.29 12.3 12.3 12.23 12.03
+0.02 +0.03 +0.01 +0.06 +0.15

abcde Different superscript letters in the same row indicate significant differences (p<

0.05)
data means + standard deviation
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The Relation Between The Milling Time and  Sensory Analysis

Dietary Fibres The sensory analysis employed in this study does
Dietary fibres decreased significantly with anincrease  not reflect the panellists’ acceptability. This analysis
in the milling time (p<0.05), from 11.61+0.14% to  only shows that panellists could recognize the
11.17+0.06%, as shown in Table 1. A study has differences between the samples depending on the
reported that several phenolic acid profiles, as well  milling time (0 s, 60 s and 120 s) (Fig. 3).

as total antioxidant activity of brown rice, decreased

while the available carbohydrates increased with

polishing.
Observations (axes F1 and F2: 100.00 %)
4
. ® 0s
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Fig. 3: The score of the Principle component analysis (PCA) biplot for rice samples in three
different milling modes (0s (brown rice), 60s and 120s (white rice))

Variables (axes F1 and F2: 100.00 %)
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Fig. 4: Sensory attributes (aroma, texture, taste and color)
and different milling times 0s, 60s, 120s



DAVID et al., Curr. Res. Nutr Food Sci Jour., Vol. 8(2) 391-401 (2020)

Discriminant analysis has been widely used as is
classified as ungrouped cases. From the study,
discriminant analysis model was generated to
identify a characteristic aroma, texture, taste, and
colour (Fig. 4). Panellists perceived the taste and
colour in the upper-right quadrant, like the centroid
of white rice (120 s). Colour, appearance, texture,
taste, and overall quality of white rice were strongly
preferred over brown rice by the consumers. The
aroma resides in the upper-left quadrant, a similar
quadrant to that of brown rice (0 s). 63 A probable
explanation for this difference in the aroma intensities
could use a universal aromatic scale, the references
with low intensities, which may aid panellists in
evaluating the intensities of the aroma of rice
samples.®

The texture lies in the lower-right quadrant, opposite
to the others. The texture characteristics and
the flavour of cooked rice have been found to be
influenced by the DOM and the hedonic score for
a branny taste and decrease in chewiness with an
increase in the milling time.®":64

The 60 s milled rice samples were scattered in
almost all quadrants, suggesting that panellists may
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have difficulty in detecting a sensory difference.
However, for 0 s and 120 s, the panellists had a
consensus that 0 s mostly lay in the upper-lower left
quadrant, and 120 s mostly lay in the upper-lower
right quadrant. These results indicate that the DOM
played a significant role in modulating the sensory
aspects of organic rice. The study revealed that rice
bran plays a crucial role in determining the sensory
aspects of rice.®®

Overall Liking

The overall liking of the product and sensory
experience may have a significant impact on
consumers’ buying decisions. Knowledge regarding
sensory preference is crucial for the producers and
marketers of organic rice to offer the product and
communication strategies that meet consumers’
expectations. With increased milling time, the overall
liking of organic rice increased, as shown in Figure 5.
There was a slight difference in the degree of liking
between men and women; however, both preferred
organic rice with 120 s milling time as compared to
0sand60s.

10 4

9 & Female = Male

8 .

7 6.28+1.43

5.43+1.71 6.10+1.28
61 5.28+1.64
4.64+1.36
4,53+2.07

Degree of Liking
w

3
2
1
0 T T
0Os 60s 120s
Milling time

Fig. 5: Overall liking of rice depending on the milling times 0s, 60s, and 120s (n=40, female=24,
male=16) (0O=extreme dislike, 10=extreme like)
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The attributes of brown rice were not favourable
by the panellist since they were more familiar with
white rice.®” Several studies have reported that its
chewy texture and poor appearance are the primary
reasons for the lower acceptance of brown rice.%68
Unlike brown rice, both the attributes of white rice
(chewy texture and good appearance) are preferred
by the consumer. The study has been done for Asian
consumers resulted that they did not evaluate brown
rice positively.5'¢8

Conclusion

This study demonstrates that DOM affects the Nutri-
health aspects and sensory attributes of organic rice.
Our findings confirm that organic brown rice (0 s of
milling time) has a significantly higher number of
bioactive compounds (TPC, flavonoids and dietary
fibre) but lower sensory acceptance as compared to
intensive milling (120 s). Considering the criteria for
the nutritional and functional properties for healthy
food, the degree of milling may be an essential factor
for setting the standard for organic rice in Indonesia.
It must be accomplished by spreading information
about its benefits and taking proactive measures
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towards encouraging its use by consumers and
other stakeholders, such as public services. To set
the milling time as part of the standard is a political
process between the actors. The actions required
would entail, for example, revealing nutritional
information to the consumers, as well as introducing
less polished rice in restaurants and canteens.
Moreover, the introduction of coloured rice cultivars,
along with lower DOMs may enhance consumer
acceptance for the product.
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