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Abstract - The percentage of bran removed from the rice
cultivars in the time interval of 0 to 30s showed sharp
slope, but the slope was less after this time duration (30-
60s). The rice cultivar Koshkari exhibited the highest
percentage of bran removal at each milling interval of 10s
due to greater thickness of its rice kernels. The percentage
of protein with milling duration depicted negative
correlation, which indicated higher protein content could
be retained by lowering the time period of milling. The
difference in fat percentage with milling time from 0 to 60s
was found higher in Mushki Budgi (1.15%) and lowest in
Koshkari (0.53%). The carbohydrate content of these rice
cultivars at each successive stage of milling were found to
increase with Mushki budgi depicted the highest rise in
percentage in carbohydrate content (3.61%) after 60s
milling. The greater loss in ash content with increasing the
degree of milling was found in Mushki budgi (94.73%).
The elongation ratio of the experimental rice cultivars
were found to increase at each successive stage of milling
interval. The increase in solids loss at each milling stage
could be due to bursting of the rice kernels upon cooking,
as the increase in carbohydrate content at each successive
milling stage resulted in greater absorption of water.
Keeping in view all the health related benefits associated
with brown rice, the research focus on the optimum time
required for milling rice, so that the cooking quality of rice
kernels would be best along with its nutritional
characteristics.

Key words: Rice cultivars; Milling time; bran; Nutritional
composition; cooking characteristics.
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l. INTRODUCTION

Rice is one of the major sources of staple food throughout the
world and about 80% of rice production comes from the
cultivation of Asian rice (Oryza sativa L). the brown rice
hulled from paddy consists of 6-7% bran layer, 2-3% embryo
and 90% endosperm [1]. The nutrients like proteins, lipids,
dietary fibres, vitamins and minerals are mainly present in the
germ and bran layers of the rice grains [2]. The fractions
containing these valuable nutrients are removed from brown
rice during milling operation for production of white rice. Rice
with different degrees of bran removal is preferred in different
markets due to varying colour of rice that is an important
parameter of sensory perception. The market demand for
whiter rice that has been milled properly to ensure complete
bran removal is more than unmilled rice [3]. Milling of rice is
done commercially to improve the physical and sensory
properties of the rice grain and to increase its storage stability

[4].

The physical properties of rice grains such as grain
thickness has an important role in determining the cooking and
texture attributes associated with rice grains, because rice
grain with more thickness tends to have higher milling degree,
lesser amylose content and higher cooking duration. The
knowledge of physical characteristics of paddy grains is
essential for the modelling of dynamic abrasion systems in
rice milling operation and for the determination of physical
properties including dimension characteristics and the quality
parameters associated with milled rice will enhance the
regular monitoring of milling operation in an objective manner
so that it could be visualised very quickly within a short span
of time to indicate any change in the properties of final
product [5]. The physical properties of an agricultural product
after harvesting determine its marketing value. The percentage
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of whole grain is considered one of the most important
parameter in the rice processing industry [6]. The cooking
characteristics associated with rice grains have been found to
be depended upon its amylose content, alkali spreading value,
water uptake ratio, solids in gruel loss, volume expansion ratio
and kernel elongation ratio. The quality of the grains includes
a combination of different types of characters that in turn are
found to exhibit any one quality attribute desirable to the
consumers [7].

The purpose of the research was to study the effect of
milling time from O to 60 seconds with interval of 10 seconds
on the percentage of bran removal, nutritional composition
and cooking characteristics of Traditional Pigmented and
aromatic rice cultivars.

1. Materials and methods

1.1. Chemicals and reagents

All the chemicals and reagents used for analysis were of
analytical grade and were procured from Standard Instruments
Corporation Pvt. Ltd, Patiala (India) and Merck Chemical
Private Limited (Shiv Sagar Estate A. Worli Mumbai-
400018).

1.2. Experimental materials

The paddy cultivars used for analysis of milling characteristics
are traditional cultivars grown in Kashmir valley of J&K.
These cultivars included the aromatic Mushki Kandi and
Mushki Budij. the red colored cultivars consists of Zag and
Shalle Keau, while Tilla Zag are the sparsely colored red
colored cultivars with red rice kernels dispersed in many white
colored cultivars. Koshkari is the non-pigmented and non-
aromatic cultivars while the black colored rice cultivar
included Kaw Kareed. The paddy cultivars were procured
from state sponsored different breeding stations to ensure the
purity of the particular strain.

1.3. Dehusking and milling

The paddy samples were manually cleaned to remove field
impurities such as dust, dirt, stones, straw, small broken and
immature Kkernels. The paddy samples were dried to 12%
moisture content for optimum yield without much breakage
when subjected to milling using lab de-husker (Make:
Indosaw Ambala). The brown rice was milled in a pilot scale
grinding mill (Agrosa India, Pvt. Ltd) powered by 0.5 hp,
single phase motor, and consisting of a rotating emery coated
disk and stationery steel casing. 100 g of brown rice was
charged through the hopper and kept for 10 seconds in the
action zone and passed through 100 mesh sieve to get the
flour. Rice bran was obtained from the brown and pigmented
rice cultivars (procured from different breeding centres of
Kashmir valley) by milling the grains in a pilot scale grinding
mill, where the bran was removed from the rice kernels by
abrasive action of the emery roller followed by sieving to
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recover the bran. The rice flour was stored at 4°C in air tight
containers for further analysis.

1.4. Proximate Composition

Determinations of the proximate composition were done based
on AOAC [8] standard method. The fat was determined by
Soxhlet extraction method, and protein content was evaluated
by the Kjeldahl method, using 5.8 as conversion factor. The
ash content of the samples was determined by using muffle
furnace at temperature of 550° C.

1.5. Elongation ratio

The elongation ratio of the rice cultivars were measured by
dividing the length of cooked rice kernels by length of
uncooked rice samples. Results were reported as elongation
ratio.

1.6. Solids in gruel loss

The solids in gruel loss was determined by calculating the
total solids left after drying gruel obtained from rice cooked
(up to 2g in 20ml distilled water) during minimum cooking
time. The aliquot of cooking water (gruel) was poured in a
petriplate and the gruel was dried in a petriplate to complete
dryness in hot air oven at 110°C. The weight of the empty
petriplate (W,) and petriplate with dried gruel (W,) was
recorded and the solid in gruel loss was calculated as:

W, — Wy; where W, = weight of empty Petri-dish, W, =
weight of empty petri-dishes + dry gruel.

1.7. Statistical Analysis

All the experiments were carried out in triplicates. The data
were analyzed by using statistical software (statistica.v.7) and
the means were displayed using the Duncan’s multiple range
tests (p < 0.05). All the data are tabulated as the mean with the
standard deviation.
Il.  RESULTS AND DISCUSSION
a. Effect of milling duration on Bran removal

The time taken for the rice kernels to undergo polishing had a
significant effect on head rice yield, brokens and milling yield.
The amount of bran removed with increasing milling time
from 0 to 60s revealed a significant difference among these
cultivars. The cultivars Zag (20.70%) and Teli zag (20.90%)
were found to depict the least content of bran removed during
milling for the time period of 60 seconds as shown in Fig-1.
Among the analyzed rice cultivars the Koshkari exhibited the
highest percentage of bran removal at each milling interval of
10s with value of 41.50% after the time period of 60s. This
could be attributed to its grater thickness of the rice grains
among the experimental rice cultivars. The amount of bran
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removed from the different rice cultivars at successive milling
intervals depends upon variety, hardness, size and shape of
rice kernels and the type of mill [9]. The amount of bran
removed at each successive stage of milling with time was
found to be higher than previous milling duration. The
percentage of bran removed from the rice cultivars in the time
interval of 0 to 30s showed sharp slope, but the slope was less
after this time duration (30-60s). This relation between time
and bran removal was found to be in accordance with the
finding of of Lamberts et al. (2007) and Liu et al. (2009). The
hardness of the bran layers had been reported by Lamberts et
al. (2007) to increase from outer to inner layers, while the
different fractions of endosperm were found to be of
comparable hardness. In almost all the analysed rice cultivars
about 9% of bran was found to be removed up to the time
period of 15s, which had been validated to represent the bran
fractions in rice kernels [3]. While the fractions removed after
milling duration exceeding 15 s had been designated as
endosperm. The fraction removed after 15 s with percentage
between 9-15% had been designated as outer endoeperm and
that fraction removed from 15-25% as middle endosperm
[11].

Figure 1. Effect of milling duration on Bran removal of
rice cultivars
b. Effects of milling duration on protein content

The protein content in the rice grains were found to decrease
significantly with respect to time of milling as shown in Table
1. The percentage of protein with milling duration depicted
negative correlation, which indicated higher protein content
could be retained by lowering the time period of milling. The
milling time up to 60 seconds resulted in the higher loss of 31
% protein content in Mushki budgi fallowed Koshkari and Zag
with 29% loss in protein content. The lowest loss in protein
content after 60s milling time was found in Teli zag (21.13%).
The results were found in accordance with the work of earlier
researchers ([12], [11]. The lowest loss of protein content in
pigmented rice cultivars upon milling could be due to higher
content of protein in endosperm than in bran as validated
previously by Lamberts et al. (2007) and Paiva et al. (2016).
The major fractions of protein content (84.2%) had been found
to be concentrated in the outer endosperm and thus milling
beyond the time period of bran removal could resulted in loss
of protein as validated previously by Lamberts et al. (2007).
Proteins in rice are mainly present in the bran and the removal
of bran upon milling resulted in lowering of protein content
[13]. The reduction in protein content with increasing milling

. 8 emVaa duration further indicated its decrease in concentration from
£ == Kawe Kareed bran layer to endosperm. Milling of rice to higher degrees had
B o2 w133 been found to result in the loss of essential amino acids like
E 0 e K 811K lysine, tartaric and glutamic acid that are mainly responsible
i 15 chiel Kew for the pleasant flavour and taste in cooked rice [14]. The
£ o—Teh Zda fraction of milled rice mainly the polished fraction that
S & KA contains high protein content is mostly the part of the outer
: > SER ' % S endosperm of rice kernels [11].
Milling Duration (sec)
Table 1. Effects of milling duration on protein content (%) of rice cultivars
Cultivars Time duration (s)
0 10 20 30 40 50 60
Mushki d d d d d d d
Budgi 7.57+£0.05 7.35+£0.03 6.95+0.03 6.27+0.05 5.93+0.03 5.41+0.05 5.21+0.03
Koshkari 7.15+0.02° 6.82+0.05° 6.23+0.05° 5.87+0.02° 5.53+0.05° 5.28+0.03° 5.03+0.05°
Zag 8.55+0.03" 7.73+£0.05° 7.25+0.03° 6.92+0.05° 6.47+0.03° 6.17+0.05° 6.07+0.05°
Mushki
Tujan 7.25+0.05°  6.91+0.03° 6.31x0.05° 6.03£0.03° 591+0.05" 5.43x0.05° 5.23+0.03¢
Kaw kareed ~ 8.75+0.05°  8.13+0.05° 7.83+0.15° 7.24+0.05° 6.97+0.03° 6.45x0.03° 6.27+0.02"
Teli Zag 8.85+0.03" 8.64+0.03* 8.15+0.05° 7.88+0.05* 7.35+0.05 7.12+#0.15* 6.98+0.05%
Shel kew 8.35+0.05° 7.87+0.03°  7.23+0.05° 6.95+0.03° 6.47+0.15° 6.25+0.05° 6.03+0.03°

Values are expressed as mean + SD. Means having different
letters within the same column differ significantly (p < 0.05).
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c. Effects of milling duration on fat content
The effects of milling duration on the fat content are shown in
Table 2. The percentage loss in fat content at successive
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milling interval differed significantly in different rice
cultivars. It is clearly discernable that with increasing the
milling time, the fat content in the analysed rice cultivars were
found to decrease. The difference in fat percentage with
milling time from 0 to 60s was found higher in Mushki Budgi
(1.15%) fallowed by Muski Tujan (0.97%), while the lowest
differences were found in Koshkari (0.53%). These results are
in agreement with the reported values of Juliano [15] who also
revealed the decrease in fat content with successive stages of
milling. The decline in fat content with increase in milling

time could be linked to the removal of bran layer from the rice
cultivars where most of the fat are concentrated ([16], [12]).
The decrease in fat content of brown rice with milling had
been reported by Monks et al. (2013) and in black and red rice
by Paiva et al. (2016). The increase in lightness of the rice
kernels with milling time could be attributed to the reduction
in fat content that are held responsible for causing yellowish
colour [17].

Table 2. Effects of milling duration on fat content (%) of rice cultivars

Time duration (s)

Cultivars 0 10 20 30 40 50 60
Mushki Budgi ~ 1.77£0.04*  1.53+0.05° 1.31+0.03° 1.16+0.02* 0.92+0.05° 0.76+0.05° 0.62+0.05%
Koshkari 0.60+0.02  0.45+0.05° 0.34+0.05° 0.25+0.05" 0.18+0.04° 0.10£0.02° 0.07+0.03°
Zag 1_55io_ogb 1.32+40.03° 1.18+0.05" 1.03+0.05° 0.87+0.02*° 0.75+0.05° 0.63+0.05%
Mushki Tujan ~ 1.57+0.05°  1.35+0.03° 1.15+0.05° 1.01+0.03° 0.83+0.03° 0.74+0.03* 0.60+0.03°
Kaw kareed 1284005  1.08£0.04° 0.92+0.05° 0.78+0.05° 057+0.05° 0.42+0.05° 0.34+0.04°
Teli Zag 0.63+0.03  0.48+0.03* 0.37+0.05° 0.28+0.02° 0.17+0.04° 0.10+0.08 0.07+0.05°
Shel kew 1,57;4),@5b 1.38+0.05" 1.18+0.03° 1.01+0.05° 0.88+0.03° 0.73+0.05*° 0.61+0.02°

Values are expressed as mean £ SD. Means having different

letters within the same column differ significantly (p < 0.05).

d. Effects of milling duration on carbohydrate

content

The variation in carbohydrate content of the rice cultivars at
different milling durations showed a significant difference as
shown in Table 3. The carbohydrate content of these rice
cultivars at each successive stage of milling were found to
increase with Mushki budgi depicted the highest rise in
percentage in carbohydrate content (3.61%) after 60s milling.
The lowest loss in carbohydrate content among the cultivars
after 60s milling was found to be lowest in Mushki Tujan

(0.56%). The increase in carbohydrate content with increasing
the degree of milling in rice kernels had been revealed by
Payakapol et al. (2011). Carbohydrate are present mainly as
starch in rice kernels that is concentrated in the endosperm and
the milling of rice up to various stages increases the starch
content due to the removal of the bran and germ from the rice
kernels [13]. Carbohydrate content in rice could be measured
either as whole or as amount of amylose content. Therefore
the amylose content increases with increasing the time period
of milling as confirmed earlier by Sidhu et al. (1975). The
carbohydrates had been reported in determining the sweetness
of rice [20].

Table 3. Effects of milling duration on carbohydrate content (%) of rice cultivars

Time duration (s)

Cultivars

0 10 20 30 40 50 60
Mushki Budgi ~ 77.58+0.26°  77.73x0.21°  77.85+0.23° 77.93x0.15° 80.18+0.15° 80.27+0.26°  80.3820.15"
Koshkari 79.38+0.23"  79.48+0.23*  79.62+0.15*  79.86+0.15*  79.95+0.23"  80.13+0.21°  80.35+0.23"
Zag 74.76+0.2"  74.85:0.21°  74.93+0.21°  75.14+0.23°  75.27+0.15°  75.38+0.23¢  75.52+0.21°
Mushki Tujan ~ 74.84+0.21°  74.92+0.23°  75.17+0.23°  75.2840.21°  75.37+0.15°  75.46+0.21°  75.26+0.23°
Kaw kareed ~ 75.49+0.15°  7557+0.26°  75.78+0.15°  75.93+0.15%  76.15+0.21°  76.32+0.15°  76.53%0.21°
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76.8610.26°
74.73+0.26'

76.78+0.26°
74.62+0.15

76.61£0.25
f
74.4020.2

Teli Zag

77.28+0.21°
75.17+0.15°

77.17+0.26°
74.96+0.21"

76.95+0.26°
74.87+0.26"

Values are expressed as mean = SD. Means having different
letters within the same column differ significantly (p < 0.05).

e. Effects of milling duration on ash content
The effects of milling duration on ash content had been
presented in Table 4. The ash content of the rice cultivars were
found to decrease with increasing the duration of milling. The
greater loss in ash content with increasing the degree of
milling was found in Mushki budgi (94.73%) with its values
ranging from 0.57 at starting point to 0.03 % after 60s.
However the red colored Zag (55.23%) and the aromatic
Mushki kandi (53.14%) were found to exhibit the lowest loss
in ash content with increasing the milling time. The ash
content of the rice cultivars is an indicator of the minerals

content present in it [21]. The bran layer of the rice contains
the highest content of ash. The losses of minerals in rice upon
milling had been reported to be up to 84.7% by Liu et al.
(2009). The reduction in ash content in rice varieties with
increasing the time of milling was also confirmed by Lamberts
et al. (2007) and Paiva et al. (2014). These findings validated
that the decrease in ash content in rice cultivars upon milling
could be attributed to the removal of outer bran layers. The
highest concentration of minerals at about 61% in the bran
layer of pigmented rice had been confirmed earlier by
Lamberts et al. (2007) and Singh et al. (2000). The variations
in ash content among different rice cultivars could be
attributed to different degrees of bran removal rich in ash
content after each milling time.

Table 4. Effects of milling duration on Ash content (%)of rice cultivars

Time duration (s)

77.41+0.15°
75.32+0.23¢

Cultivars 0 10 20 30 40 50 60
Mushki Budgi ~ 0.57+0.05° 0.38+0.03% 0.23+0.05° 0.18+0.03% 0.10+0.05° 0.07+0.05° 0.03+0.05°
Koshkari 0.85:0.04 0.67+0.05° 051+0.03° 0.36+0.05 0.21+0.03 0.12+0.05° 0.0520.05°
Zag 1614005 143+0.05° 1.28+0.05 114+0.05° 1.04+0.05° 0.86+0.05° 0.72+0.03"
Mushki Tujan ~ 1.75£0.03"  1.54+0.03° 1.37+0.05° 1.25+0.03° 1.13+0.03* 0.95+0.03* 0.82+0.05
Kaw kareed 1.45+0.03° 1.28+0.03° 1.13+0.03° 1.05+0.05® 0.87+0.03° 0.65+0.03° 0.47+0.03°
Teli Zag 0712005 0.53+0.03° 0.48+0.05° 0.37+0.03 0.23+0.05° 0.18£0.05° 0.0820.03°
Shel kew 1.3740.03° 1.18+0.05° 1.08+0.03° 0.88+0.03° 0.76+0.05" 0.53+0.03° 0.37+0.05°

Values are expressed as mean + SD. Means having different
letters within the same column differ significantly (p < 0.05).

f. Effects of milling duration on elongation ratio of
cooked rice

The elongation ratio is an essential characteristic that gives an
idea about the appearance of the cooked rice kernels. The rice
kernels elongate lengthwise or breadth wise after cooking
thereby giving finer or coarse appearance to it. The elongation
ratio of the experimental rice cultivars were found to increase
at each successive stage of milling interval. The highest
elongation ratio calculated as difference between milling time
of Os and 60s were found in Zag and Shel kew with values of
0.9 as given in Table 5. The lowest elongation was found in
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Mushki kandi (0.05) with its values ranging between 1.75 at
0Os to 1.80 at 60s. The cooked rice kernels having the property
of elongation lengthwise are being preferred and are
considered high quality rice than those which expand breadth
wise [23]. The increase in elongation ratio after each, milling
duration could be attributed to increase in carbohydrate or
amylose content and decrease in fat content. The higher
amylose content in milled rice takes up more water upon
cooking thereby leading to increasing length of rice kernels
[24]. The higher elongation ratio after each milling interval
may be associated with the corresponding decrease in protein
content as higher protein content pre-supposes higher
gelatinisation temperature and tends to hinder cooking of rice
[15].
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Table 5. Effects of milling duration on Elongation ratio of rice cultivars

Time duration (s)

Cultivars 0 10 20 30 40 50 60
Mushki Budgi ~ 1.94+0.06°  1.94+0.05° 1.95+0.05> 1.97+0.05* 1.98+0.02° 1.99+0.05° 2.00+0.05"
Koshkari 1.55+0.04° 1.56+0.03° 1.57+0.03" 1.58+0.04° 1.60+0.05° 1.61+0.04° 1.62+0.02°
Zag 1.43+0.03° 1.45+0.05° 1.46+0.05° 1.48+0.05° 1.49+0.04° 1.51+0.05° 1.52+0.05
Mushki Tujan ~ 1.75+0.23° 1.76+0.04° 1.76£0.04° 1.77+0.03° 1.77+0.03" 1.78+0.03"  1.80+0.05"
Kaw kareed ~ 1.46+0.08° 1.45+0.02" 1.46x0.05° 1.48+0.05° 1.49+0.05" 1.50+0.05° 1.52+0.03°
Teli Zag 1.83+0.05° 1.84+0.03* 1.85+0.03° 1.87+0.02° 1.87+0.05° 1.88+0.03" 1.90+0.04*
Shel kew 1.84+0.08° 1.86+0.05* 1.87+0.05° 1.88+0.03° 1.90+0.02° 1.91+0.05 1.93+0.05°
08
Values are expressed as mean + SD. Means having different 7 o —X :
letters within the same column differ significantly (p < 0.05). BV ¢ Mushii Budg
~ 06 __-’w,--“"'\*_- B Xoshkari
g. Effects of milling duration on solids in gruel loss of 2 AT .
cooked rice % gy
The solids released during cooking of rice in the gruel had B 04 "4!__--'_!1 —8  Mushki Kand
been found to increase with increasing the milling time as = _g— %3
shown in Fig 2. It had been reported by several researchers e 03 !‘jfi'g:::i’;-*‘i:;4_——*‘ - Kawkareed
that processing of rice during milling leading to polished rice 2 E“'____j-- —& 8 Teli 12g
are highly vulnerable to solids loss in gruel than unmilled rice } 02 ¥ .
([25]; [17]. The differences in solids loss in gruel at the two S i Shelkew
extreme milling time in the analysed rice cultivars did not
reveal a significant difference. Almost all cultivars depicted 0
the difference in solids released at 0 and 60s milling time to be , 10 20 30 0 50 &0

0.15 except Koshkar and Teli zag with values calculated as
0.14. The increase in solids loss at each milling stage could be
due to bursting of the rice kernels upon cooking, as the
increase in carbohydrate content at each successive milling
stage resulted in greater absorption of water. The greater the
carbohydrate (starch) expands in rice, the higher are the rice
grains prone to leaching out into the cooking water [26]. The
higher solids loss in gruel after each milling duration could be
due to more contact of surface area of rice kernels with the
water as the elongation ratio is more in successive milled rice.
Such a positive correlation had been reported previously by
Usha et al. (2012).
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Milling duration (sec)

Figure 2. Effect of milling duration on solids in gruel loss
of rice cultivars
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IV.  CONCLUSION

This research was done to investigate the effect of
milling time from O to 60 seconds with interval of 10 seconds
on the percentage of bran removal and its correlation with
nutritional composition and cooking characteristics of
Traditional Pigmented and aromatic rice cultivars. Among the
analyzed rice cultivars the Koshkari exhibited the highest
percentage of bran removal at each milling interval of 10s that
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could be attributed to the greater thickness of the rice grains
among the experimental rice cultivars. The milling time up to
60 seconds resulted in the higher loss of 31 % protein content
in Mushki budgi fallowed Koshkari and Zag with 29% loss in
protein content. The red colored Zag and the aromatic Mushki
kandi were found to exhibit the lowest loss in ash content with
increasing the milling time. The higher solids loss in gruel
after each milling duration could be due to more contact of
surface area of rice kernels with the water as the elongation
ratio is more in successive milled rice. The research would be
useful in enhancing the regular monitoring of milling
operation in an objective manner so that the desired properties
are achieved as per specification of the final desired product.
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