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Impacts of degree of milling on the appearance
and aroma characteristics of raw rice
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Siebenmorgena and Han-Seok Seoa*
Abstract
BACKGROUND: Little has been reported about the sensory impact of degree of milling (DOM) on raw, uncooked rice. This study
focuses on the eﬀects of DOM, which was measured by surface lipid content (SLC), on appearance and aroma attributes of raw
rice, as well as the appearance of cooked rice; greater DOM leads to lesser SLC levels.
RESULTS: Milled-rice samples with SLCs of 0.64, 0.59, 0.42 and 0.25%, as well as brown rice (2.27% total lipid content),
were evaluated by trained panelists on three appearance- and ﬁve aroma-related attributes of raw rice, as well as four
appearance-related attributes of the resultant cooked rice. All milled-rice samples, varying in SLC level from 0.64% to 0.25%,
diﬀered from brown rice with respect to raw-rice and cooked-rice appearance and aroma attributes. A signiﬁcant sensory
diﬀerence among the four raw-rice samples was present only in the degree of whiteness; however, such a diﬀerence was absent
once the samples were cooked. When cooked, highly milled rice (0.25% SLC) was rated glossier than either lightly milled rice
(0.64% SLC) or brown rice.
CONCLUSION: The present study demonstrated that sensory impacts of DOM on raw rice were present between brown rice
and milled-rice samples, but not among the milled-rice samples varying in SLC level from 0.64% to 0.25%. The overall ﬁndings
indicate that consumers may not detect appearance- or aroma-related diﬀerences among raw-rice samples ranging in SLC from
0.64% to 0.25%.
© 2015 Society of Chemical Industry
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INTRODUCTION
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DOM has been shown to aﬀect textural characteristics of cooked
rice. Lyon et al.13 showed that deeply milled rice (reported as
Satake whiteness meter values of 49) was rated signiﬁcantly
more intense in adhesiveness, stickiness to lips and starchy
mouth-coating when compared to regularly milled rice (Satake
whiteness meter values of 40). Similarly, Park et al.14 demonstrated
that with increasing DOM adhesiveness of cooked rice increased,
whereas hardness decreased; this trend was also observed by
Saleh and Meullenet.7
In addition to textural characteristics, ﬂavor attributes of cooked
rice have been found to be inﬂuenced by the DOM. Champagne
et al.15 demonstrated that DOM signiﬁcantly aﬀected the intensity
of ‘corn’, ‘grain-starchy’, and ‘water-like metallic’ ﬂavor attributes
in cooked rice; however, the eﬀect of DOM on ﬂavor attributes
was dependent on the moisture content to which rough rice had
been dried, as well as the cultivar. In another study,14 the ‘sweet
taste’ of cooked rice increased with an increase of DOM, while the
‘puﬀed-corn’ ﬂavor decreased. More recently, Billiris et al.11 showed
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Rice is typically consumed after de-hulling and milling processes.
The extent to which bran is removed from rice kernels during the
milling process is referred to as the degree of milling (DOM).1 With
an increase of DOM, the retention of bran consequently decreases,
which in turn impacts head rice yield level and the associated economic value.2 DOM has also been found to aﬀect physicochemical and textural properties of milled rice; speciﬁcally, greater DOM
generally leads to lesser levels of chemical components such as
lipid,3,4 thiamin and phosphorus,5 dietary ﬁber,6 protein6,7 and
ash/minerals.6,8 In addition, DOM was found to positively correlate
with degree of whiteness in milled rice.7 Accordingly, the levels of
whiteness or surface lipid content (SLC) have been used to objectively measure the DOM of milled rice.4
Fat and hydrophobic waxy cuticles are present in the bran layers
of rice, thus impeding water absorption by kernels.9,10 Therefore,
as DOM increases, fat and waxy cuticle contents in the bran
layers diminish, increasing the swelling ratio.9 However, DOM
does not appear to relate to the duration or energy required
to cook rice. Billiris et al.11 demonstrated that cooking duration
and energy required for cooking were not signiﬁcantly diﬀerent
among milled-rice samples varying in SLC level from 0.55% to
0.15%. Similarly, Roy et al.12 showed no signiﬁcant diﬀerence in
overall energy consumption between partially and well-milled rice
samples.
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Table 1. Raw rice appearance and aroma attributes developed in this study.
Term

Referencea(anchor words)

Deﬁnition

Appearance
Degree of whiteness

Degree to which sample is pure white

Uniformity of color

Degree to which sample is one uniform color

Amount of white bellies

Amount of white coloring found in the middle of
kernels

Aroma
Dusty

Aroma associated with old books or decaying wood

Grassy

Aroma associated with sweet, dry grasses or herbs

Feedy
Floral

Aroma associated with a mixture of grains,
reminiscent of animal feed
Aroma associated with a non-speciﬁc ﬂoral note

Burlap

Aroma associated with burlap rice bags

Reference A: 3.0
Reference B: 10.0
(Yellow–White)
Reference B: 12.0
(Diﬀerent–All one color)
Reference B: 4.0
Reference C: 12.0
(None–Much)
UASb
(None–Extremely strong)
UAS
(None–Extremely strong)
UAS
(None–Extremely strong)
UAS
(None–Extremely strong)
UAS
(None–Extremely strong)

a Reference A: 30 g Riceland Extra Long Grain Brown Rice (Riceland Foods, Stuttgart, AR); Reference B: 30 g Riceland Extra Long Grain Rice (Riceland
Foods, Stuttgart, AR); Reference C: 30 g Lundberg White Arborio (Lundberg Family Farms, Richvale, CA, USA).
b UAS: aroma intensities were rated based on the universal aromatic scale,17 with a modiﬁcation: soda note in Nabisco Premium Original Saltine
Crackers (Mondelēz Global LLC, East Hanover, NJ, USA) = 3.0; cooked-apple aroma in Mott’s Natural Applesauce (Mott’s LLP, Plano, TX, USA) = 7.0.

Table 2. Cooked rice appearance attributes developed in this study

Term
Degree of
whiteness
Glossiness
Surface
roughness
Visual stickiness

Deﬁnition
Degree to which
sample is pure
white
Degree to which
sample is shiny
Degree of roughness
on the surface of
kernels
Degree to which
kernels stick
together

Referencea
(anchor words)
Reference A: 6.0
Reference B: 13.0
(Yellow–White)
Reference B: 7.0
(Dull–Shiny)
Reference A: 7.0
(Smooth–Rough)
Reference A: 3.0
Reference B: 10.0
(Not sticky–Sticky)

a Reference A: 30 g Riceland Extra Long Grain Brown Rice (Riceland
Foods, Stuttgart, AR); Reference B: 30 g Riceland Extra Long Grain Rice
(Riceland Foods, Stuttgart, AR).
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that speciﬁc aromas (e.g. sulfury, starchy and metallic) and ﬂavors
(e.g. sulfury) of cooked rice were perceived as signiﬁcantly more
intense in milled rice than in brown rice. However, the aroma and
ﬂavor attributes of cooked rice were not signiﬁcantly diﬀerent
among rice samples that were milled to SLC levels from 0.55% to
0.15%.
This study was designed to determine whether DOM, as indicated by head rice SLC, aﬀects appearance and aroma attributes
of raw rice, as well as the appearance of the resultant cooked
rice, building on the recent study by Billiris et al.,11 which showed
the inﬂuence of DOM on aroma and ﬂavor attributes of cooked
rice. While previous studies have highlighted the eﬀect of DOM
on ﬂavor and texture attributes of cooked rice, little attention
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has been paid to the sensory impact of DOM on raw rice. Paradoxically, from the standpoint of sales, raw-rice appearance and
aroma attributes, in addition to non-sensory factors such as price
and brand, play key roles in modulating consumers’ willingness to
purchase.

MATERIALS AND METHODS
Rice samples
Four lots of long-grain, milled-rice samples were collected from
a commercial mill at Jonesboro, AR, in fall 2014. The cultivar of
the rice samples was unknown. A three-break, water-mist milling
system (VTA, VBF, KB-40; Satake, Hiroshima, Japan) was used to mill
brown rice (2.27% total lipid content) to four DOM levels. The SLC
of head rice from each sample was subsequently measured using
a Soxtec system (Avanti 2055, Foss North America Eden Praire,
MN, USA) according to Matsler and Siebenmorgen;16 SLCs of the
samples were 0.64%, 0.59%, 0.42% and 0.25%. Each rice sample
was stored in a sealed container at 4 ∘ C. The containers were held
at room temperature (approximately 20 ∘ C) for 24 h before being
used for sensory testing.
Descriptive sensory analysis of raw rice
Descriptive sensory analysis of raw rice was conducted at the
University of Arkansas Sensory Service Center (Fayetteville, AR,
USA). Nine professionally trained panelists, each with an average
experience of greater than 1000 h in evaluating a variety of food
products, including rice, participated in the descriptive analysis.
Following a 3 h orientation/training session and conforming to
the Spectrum method (Sensory Spectrum Inc., Chatham, NJ, USA),
eight sensory attributes (three appearance- and ﬁve aroma-related
attributes) were developed for descriptive analysis. Table 1 lists
the deﬁnitions and reference intensities of individual sensory
attributes.

© 2015 Society of Chemical Industry
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minimize sensory fatigue, a 10 min break was allowed between
sample presentations. The entire analysis was repeated, on the
same day, to provide two replicate sensory evaluations of the
raw-rice samples.
Descriptive sensory analysis of cooked rice
Among the nine trained panelists who participated in the descriptive analysis of raw-rice samples, seven took part in the descriptive analysis of cooked rice; two panelists were unavailable. Again,
conforming to the Spectrum method, four appearance-related
attributes of cooked rice were developed through a 3 h orientation session. Table 2 lists the deﬁnitions and reference intensities of
individual appearance attributes used to characterize cooked rice.
The trained panelists evaluated subsamples of cooked rice, prepared from the same ﬁve samples used in the raw-rice evaluation
above, for the four appearance-related attributes listed in Table 2.
Each rice sample (300 g) was cooked in an electronic rice cooker
(RC 101 rice cooker, Rival, Milford, MA, USA) with a 1:2 rice:water
mass ratio. Immediately after cooking, a subsample from each of
the ﬁve 300 g samples was ﬂuﬀed in the rice cooker to ensure its
homogeneity. Afterwards, each subsample was placed in a 4 oz
(118 mL) souﬄé cup and covered with a plastic lid. The cooked-rice
subsamples were allowed to cool by placing the covered souﬄé
cups in a 20 ∘ C sensory kitchen environment for 10 min prior to
presenting to the panelists.11 A subsample from each of the ﬁve
samples was presented at 62 ± 2 ∘ C.
Each of the ﬁve cooked-rice subsamples was randomly presented to the panelists, one after another. Intensities of the
four appearance attributes were evaluated on 15-point numerical
scales with 0.1 increment ballots.17 Two anchor words were given
to the left and right ends of each scale (Table 2). A 10 min break
was allowed between sample presentations. The entire analysis
was repeated, on the same day, to provide two replicate sensory
evaluations of the cooked-rice samples.

Figure 1. Color characteristics, as indicated by CIE L* (whiteness; A), a*
(redness; B), and b* (yellowness; C) values, of raw-rice (diamond) and
cooked-rice (square) samples as a function of degree of milling (as measured by head rice surface lipid content). Brown rice had a total lipid content of 2.27%, whereas milled-rice samples varied in surface lipid content
from 0.64% to 0.25%. Mean scores with diﬀerent lower-case (or upper-case)
letters represent a signiﬁcant diﬀerence between raw-rice (or cooked-rice)
samples (P < 0.05).

J Sci Food Agric 2016; 96: 3017–3022

Data analysis
Data analyses were performed using JMP Pro (version 11.0, SAS
Institute Inc., Cary, NC, USA) and XLSTAT software (Addinsoft,
New York, NY, USA). To determine whether intensities of sensory
attributes were signiﬁcantly diﬀerent due to the sample DOM, a
two-way analysis of variance (ANOVA) was used, treating DOM as
a ﬁxed eﬀect and sensory panelists as a random eﬀect. In addition, to test whether color characteristics (L*, a* and b* values)
of raw- and cooked-rice varied in relation to the DOM, one-way
ANOVAs, treating DOM as a ﬁxed eﬀect, were used. If a signiﬁcant
diﬀerence in means was indicated by the ANOVA, post hoc comparisons between rice samples were performed using a Tukey HSD
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The trained panelists evaluated subsamples of the ﬁve raw-rice
samples varying in DOM for the eight sensory attributes. Approximately 30 g of each rice sample was placed in a glass bowl (4 oz)
covered with a glass lid. Each of the ﬁve samples was randomly
presented to the panelists, one after another. Intensities of the
eight sensory attributes were evaluated on 15-point numerical
scales with 0.1-increment ballots.17 Two anchor words were given
to the left and right ends of each scale, as listed in Table 1. To

Color measurement of raw- and cooked-rice samples
Color characteristics, as indicated by CIE L*, a* and b* values,
of the ﬁve raw-rice samples were measured using a colorimeter
having a circular illumination opening of 3.5 cm diameter (Minolta
CR-300, Minolta Corp., Ramsey, NJ, USA). Approximately 300 g of
each raw-rice sample was placed in a glass dish (14 cm diameter
and 2 cm height). Color characteristics were measured at seven
diﬀerent surface locations of each rice sample.
Color measurements of the ﬁve cooked-rice samples were also
taken using the same procedure as with the raw-rice samples,
except that after placing a cooked sample in the glass dish the
rice was allowed to cool in a 20 ∘ C sensory kitchen environment
for 10 min prior to color measurement.
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Table 3. Mean intensity scores (± standard deviation) of nine professionally trained panelists’ ratings of appearance and aroma attributes of raw rice
as a function of degree of milling (as indicated by surface lipid content)
Surface lipid contenta
Sensory attributes
Appearance
Degree of whiteness
Uniformity of color
Amount of white bellies
Aroma
Dusty
Grassy
Feedy
Floral
Burlap

0.25%

0.42%

0.59%

0.64%

Brown riceb

10.9a
(±0.6)
11.6a
(±1.0)
4.3a
(±1.8)

10.3ab
(±0.7)
11.2a
(±1.1)
4.5a
(±1.3)

9.5bc
(±0.7)
11.2a
(±0.9)
5.0a
(±0.9)

8.9c
(±1.5)
10.7a
(±0.8)
5.0a
(±0.7)

2.9d
(±0.6)
7.7b
(±1.9)
5.6a
(±2.5)

1.1a
(±1.5)
0.6b
(±1.2)
1.2a
(±1.6)
0.9a
(±1.4)
0.5b
(±1.1)

1.4a
(±1.6)
1.2ab
(±1.6)
0.8a
(±1.3)
0.6a
(±1.3)
1.0ab
(±1.4)

1.4a
(±1.5)
1.2ab
(±1.5)
1.4a
(±1.6)
0.2a
(±0.7)
1.0ab
(±1.4)

1.5a
(±1.6)
1.5ab
(±1.6)
1.5a
(±1.6)
0.6a
(±1.4)
1.0ab
(±1.3)

1.4a
(±1.6)
2.0a
(±1.7)
1.4a
(±1.4)
0.3a
(±1.0)
1.7a
(±1.4)

Mean scores with diﬀerent letters within the same row represent a signiﬁcant diﬀerence (P < 0.05).
a As measured by lipid extraction.16
b Total lipid content = 2.27%.

method. In addition, to determine a relationship between sensory
attributes and DOM of raw-rice samples, a principal component
analysis (PCA) was conducted. A statistically signiﬁcant diﬀerence
was deﬁned as P < 0.05.

RESULTS AND DISCUSSION
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Appearance attributes of raw rice
As shown in Fig. 1(A), L* values (whiteness), as measured by a
colorimeter, signiﬁcantly diﬀered among the ﬁve raw-rice samples (F = 1,059.41, P < 0.001); L*values signiﬁcantly increased with
a decrease of SLC (i.e. with an increase of DOM). Lamberts et al.8
demonstrated that L* values increased until the bran and outer
endosperm were removed by milling, but further milling did not
aﬀect the L* values. The plateau described by Lamberts et al.8
was not apparent in Fig. 1, although the least SLC (greatest DOM)
was only 0.25% in the study herein. In a similar fashion to the
instrumental data, sensory data (Table 3) showed an increasing whiteness rating of raw rice as SLC decreased (F = 188.09,
P < 0.001), although there were no signiﬁcant diﬀerences between
the rice samples with SLC levels of 0.42% and 0.25%, as well
as between those with SLC levels of 0.64% and 0.59%. In other
words, sensory and instrumental data both indicate that the
degree of whiteness of raw-rice samples increased with an increase
of DOM.
Figure 1 further shows that both a* (redness; F = 909.28,
P < 0.001) and b* values (yellowness; F = 318.68, P < 0.001), as
measured by a colorimeter, decreased with a decrease in SLC
(i.e. with an increase of DOM) of raw-rice samples. These trends
are in line with previous studies.8,18,19 Red and yellow pigments
are highly concentrated in the bran and endosperm periphery,
whereas they are rare in the endosperm interior.8,20 Thus the
milling process would be expected to progressively remove the
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outer endosperm, thereby decreasing a* and b* values of raw rice.
In particular, since the core endosperm contains very low levels
of red pigments,8 a* values of milled-rice samples with SLC levels
from 0.64% to 0.25% were below 0, as shown in Fig. 1(B).
As shown in Table 3, there was a numerical trend of increasing
uniformity of color as DOM increased, yet there was no statistical
diﬀerence in the color uniformity of raw-rice samples milled to
SLC levels from 0.64% to 0.25% (F = 22.22, P < 0.001). This trend,
in addition to the fact that the brown rice sample was rated
signiﬁcantly less uniform than any of the milled samples, indicates
that the milling process progressively minimized unevenness of
surface color. The impact of progressively milling samples to
greater DOMs is also observed in the amount of white bellies seen
in from brown rice compared to milled-rice with a SLC level of
0.25%. There was a numerical trend in fewer white bellies as milling
progressed, although this trend was not statistically signiﬁcant
(P = 0.10).
Aroma attributes of raw rice
Table 3 shows mean intensities of each of the ﬁve aroma attributes
as a function of DOM of raw rice. There were signiﬁcant diﬀerences
in aroma intensities between brown- and highly milled rice samples. Speciﬁcally, grassy (F = 3.31, P = 0.02) and burlap (F = 4.78,
P = 0.004) aroma intensities were rated signiﬁcantly greater in
brown rice than in highly milled rice with an SLC level of 0.25%;
however, there was no signiﬁcant diﬀerence in grassy and burlap
aroma intensities until a SLC of 0.25% was reached. This indicates that grassy and burlap aromas mainly result from the rice
bran. The grassy aroma of the rice bran may result from hexanal compounds.21,22 However, brown rice did not diﬀer from
milled-rice samples with respect to the dusty, feedy and ﬂoral
aroma intensities (P > 0.05).
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0.64% to 0.25%. Furthermore, this result indicates that the rice
bran played an important role in modulating sensory aspects of
raw rice.

Figure 2. A principal component analysis (PCA) bi-plot for the ﬁve raw-rice
samples (circles) varying in the degree of milling, as measured by head rice
surface lipid content (SLC) level. Eight sensory attributes (triangles) were
positioned on the bi-plot, accounting for 99.90% of the total variance, with
PC1 and PC2 explaining 93.22% and 6.68%, respectively. Overall, based on
appearance and aroma attributes, brown rice with 2.27% total lipid content
(TLC) was positioned separately from the four milled-rice samples with SLC
levels from 0.64 to 0.25%.

J Sci Food Agric 2016; 96: 3017–3022

CONCLUSION
The present study demonstrates that DOM, as measured by head
rice SLC, aﬀects raw-rice appearance and aroma-related attributes,
but also cooked-rice appearance. For raw rice, the impacts of DOM
on appearance and aroma attributes of raw rice were most pronounced between brown rice (no milling) and milled-rice samples;
while there were in most cases numerical trends, there were typically not tremendous sensory rating diﬀerences among the raw
milled-rice samples varying in SLC level from 0.64% to 0.25%. This
indicates that untrained consumers may not detect appearanceand aroma-related diﬀerences among milled-rice samples when
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It is notable that for raw rice, none of the aroma attributes
studied diﬀered among the four milled-rice samples with SLC
levels from 0.64% to 0.25% (P > 0.05). This indicates that volatile
compounds related to aroma attributes are dominantly present
in the rice bran (e.g. pericarp and aleurone layer).23 Consequently,
removal of rice bran by progressively milling from a lightly milled
(SLC = 0.64%) to a highly milled (SLC = 0.25%) degree resulted in
no statistical diﬀerence in aroma intensities among the milled-rice
samples. Another plausible explanation for this lack of signiﬁcant
diﬀerence is that aroma intensities were rated based on a universal
aromatic scale (UAS) that has been widely used for rating the
aroma intensities of a variety of foods.17 More speciﬁcally, when
the UAS was used, panelists were trained to consider soda aroma
in saltine crackers and cooked-apple aroma in apple sauce to
have intensity ratings of 3.0 and 7.0, respectively (Table 1). Since,
compared to these references, milled-rice samples have much
weaker aromas, their aroma intensities were scored very low
(Table 3), which, in turn, may have resulted in no signiﬁcant
diﬀerences in aroma intensities between the milled-rice samples.
Because of this point, Champagne24 argued that it is valuable to
develop additional UAS references with low intensities that may
help panelists evaluate aroma intensities of rice samples typically
producing weak aromas.
Figure 2 shows that brown rice (2.27% total lipid content)
is separately positioned from the four milled-rice samples on
a bi-plot drawn by principal component analysis (PCA) based
on appearance- and aroma-related attributes of raw rice. Such
a diﬀerentiation appears to result from the diﬀerence in the
degree of whiteness between brown rice and milled-rice samples. The four milled-rice samples are closely positioned to each
other on the PCA bi-plot, suggesting that untrained consumers
may have diﬃculty in detecting a sensory diﬀerence among
the uncooked, milled-rice samples when SLC levels ranged from

Appearance attributes of cooked rice
Figure 1(A) demonstrates that cooked, milled-rice samples had signiﬁcantly greater L* values (whiteness), as measured by a colorimeter, than brown rice (F = 679.30, P < 0.001). In addition, L* values
signiﬁcantly diﬀered among the four cooked-rice samples with SLC
levels from 0.64% to 0.25%. Speciﬁcally, L* values of cooked-rice
samples with SLC levels from 0.42% to 0.25% were signiﬁcantly
greater than those with SLC levels from 0.64% to 0.59% (P < 0.05).
Like the instrumental data, sensory data (Table 4) showed that
degree of whiteness was signiﬁcantly greater in milled rice than in
brown rice (F = 80.50, P < 0.001). Furthermore, there was a numerical trend of increasing degree of whiteness as SLC decreased
even though there were no signiﬁcant diﬀerences among the four
cooked, milled-rice samples.
In addition to L*, both a* (redness; F = 560.16, P < 0.001) and
b* values (yellowness; F = 96.57, P < 0.001) signiﬁcantly diﬀered
among the ﬁve cooked-rice samples varying in DOM. Both a*
and b* values decreased with a decrease of SLC level (Fig. 1). As
opposed to raw rice, cooked rice showed no signiﬁcant diﬀerence
in the b* value among the milled-rice samples with SLC levels from
0.59 to 0.25%. In addition, b* values of cooked rice were markedly
lower than those of raw rice. This diﬀerence may be explained
by the diﬀerence in moisture content between raw and cooked
rice. During cooking, with an increase of DOM, water absorption
by kernels increases,9,14 leading to lower pigment concentrations
in cooked rice.8 As a result, DOM-induced diﬀerences in b* values among the raw milled-rice samples lessened in the cooked
milled rice.
For the cooked-rice samples, the highly milled rice (0.25% SLC)
was rated signiﬁcantly glossier than milled rice with a SLC level
of 0.64%, as well as brown rice (F = 9.94, P < 0.001). However,
intensities of glossiness in cooked rice did not signiﬁcantly diﬀer
among the three rice samples with SLC levels from 0.59% to 0.25%
(P > 0.05). Similarly, Park et al.14 demonstrated that the glossiness
intensities in cooked rice did not signiﬁcantly diﬀer among rice
samples varying in the percentage of bran removal from 14.0% to
11.0%.
Cooked brown rice was visually rated less sticky than cooked
milled-rice samples (F = 36.62, P < 0.001). In a study by Park et al.,14
trained panelists rated grain intactness (i.e. degree to which grains
remain intact) in cooked rice signiﬁcantly lower as the percentage
of bran removal increased from 8.0% to 14.0%. Finally, surface
roughness did not signiﬁcantly diﬀer among the ﬁve cooked-rice
samples (P = 0.49).
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Table 4. Mean intensity scores (± standard deviation) of seven professionally trained panelists’ ratings of appearance attributes of cooked rice as a
function of degree of milling (as indicated by surface lipid content)
Surface lipid contenta
Sensory attributes
Degree of whiteness
Glossiness
Surface roughness
Visual stickiness

0.25%
12.0a
(±2.0)
7.5a
(±0.8)
8.3a
(±1.4)
10.2a
(±1.0)

0.42%
11.5a
(±1.5)
6.5ab
(±0.8)
8.2a
(±1.1)
9.9a
(±1.2)

0.59%
11.3a
(±1.6)
6.9ab
(±0.7)
8.0a
(±1.5)
9.4a
(±1.7)

0.64%
11.0a
(±1.9)
5.9bc
(±0.7)
8.5a
(±1.6)
9.5a
(±1.8)

Brown riceb
5.4b
(±1.4)
5.3c
(±1.3)
7.7a
(±1.8)
5.7b
(±1.9)

Mean scores with diﬀerent letters within the same row represent a signiﬁcant diﬀerence (P < 0.05).
a As measured by lipid extraction.16
b Total lipid content = 2.27%.

the SLC level ranges from 0.64% to 0.25%. In a similar fashion to the
raw-rice data, the eﬀects of DOM on cooked-rice appearance were
most obvious between brown rice and milled-rice samples. Since
there is interest in lightly milled rice, the present ﬁndings suggest
that lightly milled rice (i.e. 0.64% SLC in this study) can potentially
be used to increase nutritional beneﬁts without a noticeable difference from highly milled rice (i.e. 0.25% SLC) with respect to the
appearance- and aroma-related attributes of cooked rice. As mentioned above, the authors’ previous study11 found that cooking
kinetics, texture and ﬂavor of cooked rice did not signiﬁcantly differ among milled-rice samples with SLC levels from 0.55% to 0.15%.
Based on the previous and present ﬁndings, it appears that brown
rice can be lightly milled to an SLC level of 0.55% with no sensory
diﬀerences in both raw- and cooked-rice samples. This conclusion
is independent of potential sensory impacts of lightly milled rice
at various elevated temperatures and durations.
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