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Introduction (McGaughey, 1970), and (iv) the appearance, taste,

Rice is a major staple food in most of the AsianCooking and textural quality of rice improves on
countries. It undergoes various operations such a8lilling (Roberts, 1979; Mohapatra and Bal, 2006;
dehusking, polishing, sorting and grading operation 2007; BettGarberet al, 2012).
prior to cooking. Polishing pertains to the coni@rs About 7-8 % of milling usually gives good
of brown rice into white milled rice by removal tife ~ appearance to rice grain but Government of Ind& ha
bran layer wholly or partly. Rice bran includes the recommended 4-5 % milling only (Mohapatra, 2004),
pericarp' seed coat, nUCG”US, aleurone |ayer, lhwhie in order to save more materia', and vitamins which
rich in fibre, pigmentS, 0i|, protein’ po]ypheno]sy would otherwise be removed with bran. Since brown
vitamins, and minerals to name a few (MohapatraSfice has an undulating surface, during milling aien
2004). During milling however, the protein and fieh there is more mass loss from the ridges than fiteen t
germ is also removed a|ong with bran. Though, there furrows (Lambert$t a|., 2007) For under-milled riCe,
growing interest in consumption of brown rice doe t the residual pigments and bran still remain in the
awareness regarding its health benefits; a |arg‘éoﬂe furrows of the grain. In order to get rid of thesickual
of population still prefers well-milled white ricdhe  bran and pigments, rice is over milled, where some
reasons could be summed up as follows: (i) both théortion of starchy endosperm is removed along with
high oil content in the bran and fibrous materialke  bran.
the brown rice difficult to be digested, espegialby Investigation on methods of evaluation of
human beings, (ii) keeping quality of brown rice asdegree of milling has been under attention for equit
well as under-milled rice is poor, as rancidity is some time. These have been mainly concerned wath th
developed due to increase in free fatty acids (Rao development of objective methods, which were either

al., 1967) thus, adversely affecting the sensoryitual chemical, or physical in nature. Chemical methdws t
(Piggott et al, 1991), (i) brown rice is more have been suggested include techniques for quiargita

susceptible to insect attack than milled rice e€stimation of chemical constituents of bran and
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gualitative  differential dye—staining techniques Degree of Milling = (wt. of bran/wt. of brown rice)
(Bhattacharya and Sowbhagya, 1972). Among thex100.
physical methods, optical and gravimetric technsque
are found to have been extensively used. With theSatake milling meter measur ement
technological development, fast methods of Degree of milling (DOM) of all samples,
determining the degree of milling are also beingincluding the brown rice was measured using a ®atak
adopted by checking the surface appearance of thmiling meter (MM1B, Satake Japan). Prior to
grain. Light reflectance meter (Johnson, 1965),r neameasurement, the milling meter was calibrated using
infrared (NIR) spectroscopy have been used to gfyant standard white and brown plates according to the
the residual lipid content to predict rice degrefe o calibration procedure recommended by the
milling (Kao, 1986; Wadswortlet al, 1991; Chen and manufacturer. The instrument utilizes  both
Siebenmorgan, 1997; Saleh al, 2008). Graset al  transmittance and reflectance measurement to
(1990) compared Mintola CIE colour values with determine Satake degree of milling (SDOM).
Hunter Lab colorimeter for milled rice. Siebenmarge Whiteness was measured as the percentage of light
and Sun (1994) and Mohapatra and Bal (2006)eflected from the sample, whereas transparency was
measured the degree of milling using a commerciakhe percentage of light transmitted through thegas
milling meter. Machine vision system has also beenof standard depth. The SDOM was calculated using
deployed to estimate rice degree of milling by both the whiteness and the transparency by a factor
correlating it with grey scale values (Fattal, 1994; installed algorithm in the microcomputer of the Img
Liu et al, 1998; Yadav and Jindal, 2001). meter. SDOM is displayed as a value from 0 to 199,
Since degree of milling affects the marketability where a value of 0 represents a SDOM level
and safe keeping of the milled rice, it is impematfor ~ corresponding to brown rice and 199 represents a
the rice millers to mill rice to a suitable degreithout SDOM level of snow-white fully milled rice. Thus,
adversely affecting the nutrient value. Consideting  |arger the SDOM number, thorough or complete is the
above points, this investigation was aimed atextent of bran removal (Chen and Siebenmorgan,;1997
determining the effect of milling on the colour wab  Mohapatra and Bal, 2007). Five measurements were
of three differentindica rice milled to different taken for each sample.
fractions and to establish a relationship betwden t
colour values measured in two different commercialHynter lab colour measurement

colour measuring systems. The colour values of the rice samples after
_ polishing was also determined using Hunter Lab
Materials and M ethods Colouri meter (D25, DP-9000, USA). The instrument

Pusa Basmati, aromatic, long and slenderconsisted of a D-25 optical sensor (I-type) and a
variety (procured from Sonepat, Haryana, India),processor (DP-9000), which processed, displayed and
Swarna, medium grain variety (procured from local printed the results of the measurements. The im&tnt
market, Kharagpur, WB), ADT37, short and round was first calibrated using standard white tile jded
grain variety (procured from Tamilnadu, India) were by the manufacturer (L=91.10, a= -0.64, b= -0.48) a
selected for this study. All the paddy varietiesavat  per the procedure given in the reference material.
moisture content of 13.5 % +0.2 (w.b.). The testHunter L [black (0)/white (100)], a [red (+)/gre€¥)]
samples were cleaned and stored in a closed miatal b and b [yellow (+)/blue (-)] colour scale was setetfor
The varieties were dehusked and stored in doublall measurements. Milled rice samples were keghen
sealed polyethylene bags at 5°C in a refrigerdtdhe specimen port (95 mm diameter) so as to coveruhe f
experimentation. Samples were removed fromexposed area of the window (port) to the light wvifib
refrigerator 24 h before the experiments to equalds  sample. This was achieved by placing the rice sasnpl

the temperature to room conditions. (150 g) milled to various degrees, in a glass bowl
provided by the manufacturer. The bowl was covered
Polishing of rice by a light proof covering. Five measurements were

The paddy samples were cleaned and dehuskeghade on each sample, after shaking the sampleygent!
using a laboratory aspirator (BGN, H.T Mc Gill Co. and the average values of L, a, b were noted. The
USA) and rubber roll dehusker (THU 35A, Satake, amount of variation, if any in the sample, was take
Japan), respectively. The brown rice was then petls into account by shaking the samples every time the
for 15 to 180 s, at an interval of 15 s, to ob@ifferent =~ measurement was done, so that the effect of vaidesp
milling fractions using an abrasive type polisher and orientation of the grains was nullified.

(Satake Laboratory Pearler TM-05, Japan). Riceetegr All' the statistical analysis was made with
of milling was determined by gravimetric method as: Microsoft excel 2007 version. The polynomial fit
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equations were represented aé#Bx+C where, A, B  there was thorough removal of bran layer from the

Care coefficients. kernel surface, exposing only the starchy endosperm
On further milling, since starch property did not
Results and Discussions change, the optical values too did not changeslt i

always difficult to remove the bran streaks frone th
Relationship between degree of milling and groves and ventral side of slender grain like Pusa
polishing time Basmati, as the surface was less exposed to theyeme
The polishing kinetics of 3 different varieties of surface. Thergfore, even after 10 % of milling, kinan
fice is presented in Fig 1. As the polishing time streaks remained on the ventral side of the kethradl
increased the degree of milling increased. As it loa would have affepted the.transparency values. There
observed, the initial slope of the curve was higher\t’;’as a m_arked ((J}Illffer(-zlllqce IIP ;he_tran?pargncy vadlﬁesd
which remained almost constant afterwards. ThisoowWn ricé and well miled riceé for swarma an
indicated higher and uniform hardness in the care aA.DT37' The transparency Vf”"“e of S".Va?f“a variety of
compared to the outer layers. The same has beehCe Was Very Prom'”?r_“’ as it got_a Sh'”'ef |°ﬁb@
established by Mohapatra and Bal (2004). Highen bra nigher degree of milling, even in abrasion miliing.

removal during the initial phase of polishing iratied S_lnce, ADT_ 3_7_ was a mixture of white and red
that germ was also removed within first 30 secarfds pigmented rice; its transparency values were lebser

milling, after which the bran removal remained aéio the otherl two varieties. The transparency valugsat
constant and after a 150 seconds, the degree lifignil vary statistically at 1 9 level of S|gr_1|f|cance angcth_e_
stabilized. A second order polynomial function was cultivars (p:0.1967). T.helghange In degref,- of mull
used to relate milling time with degree of milligthe ~ Brought about highly significant change (p=5.%59

experimental range, coefficients of which are tatrd ) in the transparency values. The transparencyegalu
in Table 1. were related to degree of milling through a second

order polynomial function.
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Fig 1: The relationship between milling time and g 5. The relationship between degree of millimgl a
degree of milling of 3 varieties afidica rice polished  ggtake transparency of 3 varieties iofdica rice

in a laboratory abrasive polisher polished in a laboratory abrasive polisher

Relationship between Satake transparency and ~ The coefficients of polynomial fit between

degree of milling transparency and degree of milling is presented in
The relationship between Satake milling meter Table 1.

transparency values and degree of milling for 3

varieties of rice were presented in Fig 2. Iniiahe  Relationship between Stake whiteness and

transparency value of the yellowish coloured PUS&Degreeof Milling

Basmati was higher compared to ADT37 and Swarna. The whiteness value of Pusa Basmati was the

It could be reasoned out that Pusa Basmati hadeligh highest in the brown rice stage (Fig 3), followed b

bran covering its endosperm while, Swama hadgyama and ADT37 (22.4>20.6>12.5). At 8 % bran
relatively darker pigmented bran covering the romoya| the Satake whiteness values for Pusa Basmat
endosperm. Pusa Basmati had thin layer bran on itg,,na and ADT37 were 37, 33.6 and 28.0. This trend
surface thus requiring lesser degree of milling.an he explained by the fact that ADT37 was a méxtu

compared to the other two varieties. The transggren ¢ \vhite and red grains and the optical values were

values tend to increase to certain extent, and then i enced by the bran colour but on further mijlithe
values did not change much. This trend indicated th
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Table 1: Coefficients of equations generated betvesdour values and degree of milling (DOM) for &rieties of
indicarice

Swarna ADT 37 Pusa Basmati
A B C R A B C R A B C R

DOM vs. miling -0.0002 0.1152 1.1198 0.9856 -0.0002 0.138 0.5282 0.994 -0.0002 0.098 0.4542 0.9977
time

DOM vs. 0.0005 0.1236 0.5748 0.9726 -0.00320.1855 0.3959 0.996 -0.0061 0.192 0.7531 0.9837
Transparenc
DOM vs. -0.0019 1.555 19.131 0.9751 -0.0332.4729 10.589 0.985 -0.0282 2.117 21.682 0.9936
Whiteness

DOM vs. L value -0.01761.414 50.225 0.9828 -0.050&.5078 39.755 0.989 -0.0444 1.899 52.117 0.9919
DOM vs. a value 0.0021 -0.2673.0785 0.9431 -0.0157-0.041 5.897  0.9140.0107 0.45t 3.2627 0.9981

DOM vs. b value 0.0011 -0.13516.148 0.9534 -0.00770.2000 12.252 0.929 0.0109 0.33( 16.731 0.9784

whiteness value was found to have increased. As th&.99 to -0.9, 5.38 to 0.49 and 3.28 to -0.95 foaBw,
milling progressed the starchy endosperm was exposeADT 37 and Pusa Basmati, respectively. Even after
resulting in higher whiteness value, which then16% bran removal, the positive a -value of ADT 37
remained almost constant. However, the effect ofrice indicated redness in the sample, which was
cultivars and over all degree of milling on whitese influenced by the red pigment in the bran, wherdas,
value was found to be highly significant (p<0.0Q01) a-values were negative implying the greenness in
The coefficients of the second degree polynomialSwarna and Pusa Basmati rice. The b-value decreased
equation generated for the aforementioned varietied6.18 to 14.01 and 16.99 to 14.22. Swarna and Pusa
were listed in Table 1. Basmati, respectively, however the values increased
from 12.26 to 13.26 for ADT 37. The decrease in the
yellowness in Swarna and Pusa Basmati with
progressive milling implied that bran has more
pigments than the endosperm. This finding
corroborates the finding of Lambegsal (2007). The
» Swam: trend for ADT 37 however, was different than thieest
o ADT37 two varieties. The colour values indicated an insee
Pusa Basmati in the yellowness value from the initial values.isTh
could be attributed to the red pigments presenhén
outer layer, affecting the colour values, which whe
0 5 10 15 20 25 removed improved the appearance and the yellowness.
Degreeof Milling, % Both degree of miling and verity affected the L
(p<0.003), a (p<0.0001), b (p<0.0001), significarat

Fig 3: The relationship between degree of millimgla 95% confidence interval.

Satake Whiteness of 3 varietiesindica rice polished Colour of the rice depends upon many factors
in a laboratory abrasive polisher such as presence of white belly, thickness of tager,
colour of the bran, chemical composition of kerid

. . longitudinal creases on the kernel. Since rice aasis
Relatlonshlp between Hunter Lab values and has an undulating surface with ridges and furratis,
degree of m'””?g . .. difficult to mill the rice grain uniformly. In remadng
The relationship between the degre_e Of_ 'T_"”'”g the pigmented bran from the furrows, substantial
and the hunter Lab values were presented in Figitt ( onqospermic material is also removed. This protiem
iii) for the 3 varieties considered in the inveatign. It specially encountered with variety like ADT37, whic

was found that the L-values increased from 51.22 9y ; ; .
ixture of red and white grains. Hence to get daum
68.74, 41.01 to 67.87 and 52.88 to 69.5 for Swarmnag o ¢ values, the white grain had to be over-ille

ADT 37 and Pusa Basmati, respectively. Thisalong with the red grains. In doing so, a lot of

indicated, with removal of bran the endosperm Wasendospermic material was lost along with the bian.

exposed and the brightness value was more or lesg,q gpserved that the surface was uniformly white -
similar for allindica rice. The a-value decreased from

SatakeWhiteness
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Lab colour values with respect to degree of milling
coefficients being tabulated in Table 1.

75 ° Swarna o ADT37 Pusa Basmati

Relationship between Satake degree of milling
(SDOM) and Hunter L value

The Satake degree of milling is derived from the
transparency and whiteness values by the factory
installed program. The relationship between SDOM
and Hunter L value is shown in Fig 5. A linear
0 5 10 15 20 ot relationship existed between SDOM and Hunter L
value for all the varieties considered in this
investigation. The initial Satake DOM values for AD
4(i) 37 were zero. The red pigments influenced the SDOM

values of ADT 37 till most of the red pigment

containing bran layers are partly removed, exposieg

Hunter L value

Degreeof Milling, %

7 ° Swarna © ADT37 Pusa Basmati A or
6 white endosperm underneath. On further millingyehe
o 5B were no significant differences in the aforesaitlies,
2 4 as measured with the milling meter. This indicated
s 3 thorough removal of bran layer and uniformity of
g2 colour of the endosperm. The results here revealed
21 similar trends as reported by Siebenmorgen and Sun
_2 (1994), Chen and Siebenmorgan (1997) and Mohapatra
> and Bal (2007).
0 5 10 15 20 2t .
Degreeof Milling, % 70 Lvalie= OF;ZQSQ(S)ESM ;;?,};3%
26 o S,
65 T8 °
A(ii) g 60 ogp. ¥
S o &2
> 55 L ¥
18 ° Sware o ADT37 Pusa Basme g 50 &~ -7
2 45
E] 40
©
> 35
o]
o 30
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Satake DOM
Fig 5: Relationship between Satake DOM and Hunter L
0 5 10 15 20 2 values ofindicarice milled to different degrees
Degreeof Milling, % .
Conclusions
4(iii) It can be concluded that most pigments lie in the
bran layer, therefore, with progressive millinglkaan
Fig 4: Relationship between Hunter L (i), a (ii)dam is removed, the transparency, whiteness increades,
(iii) values with degree of milling the same time the redness and yellowness of thesgra

decreases, except for red pigmented grains, where
when the rice samples were milled between 12 t#616 Yyellowness improves with respect to the initialues,
for the three varieties tested. The optimum degriee as the starchy endosperm is exposed. The L, auke va
milling based on colour, texture and specific egerg of indica rice vary with cultivars. The light coloured
consumption was suggested to be between 10-119rains like Pusa basmati need not be polished laeyon
(Mohapatra and Bal, 2007) for the varieties teskai.  10%, which is inclusive of germ. Varieties like ADT
red coloured grains high level of milling was negtdte 37, which have mixed white and red pigmented
order to have complete removal of colour. Secondkernels, may be polished beyond 12% to get an

degree polynomial equation was fitted to all theteu  appealing appearance; however, the bran so obtained
can have nutraceutical applications, as they are
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considered to be rich in nutrients. There couldabe degree of milling values, which can be alternatedgd
linear relationship between hunter L-value and 8ata for determining degree of milling.
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