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ABSTRACT

The aim of this study was to examine the effects of degree of milling on various rice parameters such as proximate
composition, and cooking properties using mathematical model. The experiments were performed in the laboratory of Food
Research Division, Nepal Agricultural Research Council. The three different medium type rice varieties of Nepal (Lumle-2,
Chhomrong and Machhapuchre-3) were exposed to five different degrees of milling (0%, 6%, 8%, 10% and 12%). The
degree of milling (DM) level significantly (P<0.05) affected the milling recovery; head rice yield, nutrient content as well as
cooking properties of the rice. Increase in DM resulted in further reduction of protein content, fat content, minerals, milled
rice and head rice yield after bran layer was further removed. A positive correlation between DM used in present model,
amylose content, kernel elongation and gruel solid loss was observed, however, with an increase in DM; amylose content,
kernel elongation and gruel solid loss were found to be increased. Adopting 6 to 8% DM for commercial milling of rice
might help to prevent quantitative, qualitative and nutritional loss along with retention of good cooking characteristics.
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INTRODUCTION

Rice (Oryza sativa L.) is an important cereal grain, which is a staple food for more than half of the world's
population (Xiang et al 2015). Rice is usually consumed as cooked whole grains, it is also processed to puffed
rice or flour and starch that can be further formulated into various products (Joshi et al 2013). Physicochemical
properties and rice grain quality are mainly influenced by rice genotypes (lturriaga et al 2004), surrounding
environmental factors, where they are grown (Singh et al 2005), protein content (Marco and Rosell 2008),
amylose content (Varavinit et al 2003), gelatinization temperature, gel consistency (Bhattacharya et al 2011) and
milling method (Suksomboon and Naivikul 2006).

Rice farming dominates the agriculture sector and national economy of Nepal as it covers 42% of total
cultivable area under food grains and 51.6% of the total food grain production of the country (MoAD 2013).
According to MoAD (2015) food security may highly depending on the rice production as it contributes 7% and
20% gross domestic product and agricultural gross domestic product (GDP), respectively. Similarly, in Nepal
rice is cultivated under varying topography, climates and altitudes; from 60 meters to 3050 meters above sea
level (MoAD 2015). A total of 57 rice varieties have been released and 17 rice varieties have been registered in
the country (NARC 2014).

Around 40-80% of the total calorie intake in a regular Asian diet is contributed by rice (Bhattacharya et al 2011).
The net protein utilization value for rice is 63, compared with 49 for wheat and 36 for maize; rice is relatively
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non-allergenic and has an enduring palatability too (Pillaiyar 1988). Though rice is gifted with these advantages,
malnutrition persists in rice consuming areas. This is mainly due to the adoption of improper handling practices
particularly in storage and milling (Paramita et al 2002). Generally, rice is consumed as a whole, kernel of white
rice obtained after removal of husk, bran and germ from the surface of the grain; therefore, milling has profound
effect on its nutrient composition (Lamberts et al 2007). DM has a great influence on rice quality such as
physicochemical properties, nutritional value, cooking and eating quality (Mohapatra and Bal 2007) as well as
on biological components like amylase activity and peptidase activities (Tran et al 2004). Lumle-2, Chhomrong
and Machhapuchhre-3 are some of the popular medium types, non-waxy (Subedi et al 2016), mid to high hill
cold water rice varieties of Nepal (NARC 2014). However, the effects of DM on the quality parameters of these
rice varieties were still needed to be studied for obtaining high-quality rice after milling. Therefore, the overall
objective of this study was to investigate the effects of DM on the rice quality.

MATERIALS AND METHODS

Paddy samples of Lumle-2, Chhomrong and Machhapuchre-3 varieties were obtained from Regional
Agricultural Research Centre, Lumle, Kaski, Pokhara and the samples were analyzed in the laboratory of Food
Research Division, Nepal Agricultural Research Council, Khumaltar, Lalitpur. The paddy samples were shelled
in the Otake Rice Sheller (impeller husker, FCS type, Otake Co., Oharu, Japan) to obtain brown rice and
polished in Yamamoto Rice polisher (Friction type, VP-31T, Yamamoto Co., Tendou, Japan) to obtain brown
rice (0%) and milled rice of 6%, 8%, 10%, 12% degree of milling for further analysis.

Degree of Milling

The obvious and probably defining way to judge the DM is to consider what percentage by weight of the brown
rice has been removed as bran during milling. The mean grain weight of the brown rice (mBR) and of the milled
rice (mMMR) was calculated according to Bhattacharya (2011).

y = TBR—MMR o
T mBR 0

Physical Analysis
Thousand Kernels Weight
A thousand kernels were counted from the sample and weight was determined using the electronic balance and
expressed in gram. Milling recovery and head rice yield was calculated as follows:
Milling recovery % = (Weight of milled rice/ Weight of paddy) x100%
Head rice yield % = (Weight of head rice/ Weight of milled rice) x100%

Proximate Composition
Determination of moisture content (hot air oven method), crude protein (Micro-Kjeldahl), crude fat (ether
extraction method), total ash and minerals (iron, phosphorous, and calcium) were done based on AOAC (2000)
standard methods. Total carbohydrate content was determined according to Thomas et al (2013).

Total carbohydrate (%) = 100% - (% Moisture + Protein + Fat + Ash)

Amylose Content

Amylose content in the rice samples was determined based on the iodine-binding procedure as described by
Juliano (1972). In brief, rice was milled and passed through a 100-mesh sieve. 100 mg of samples were
weighted and 1 ml of ethanol (95%) and 9 ml of standardized 1INNaOH were added. The samples were heated
for 10 minutes in the boiling water bath to gelatinize the starch, cooled and transferred quantitatively and made
up volume 100ml with distilled water. Then, 5 ml of the solution was pipetted into another 100 volumetric flask,
1 ml of 1N acetic acid and 2 ml of iodine solution (0.2 g iodine and 2 g potassium iodide in 100 ml aqueous
solution) were added. The solution was made up 100 ml with distilled water and let stand for 20 minutes. The
absorbance of the solution at 620 nm was measured in the UV-spectrophotometer setting absorbance 0 for blank.
The amylose content in samples was measured according to the standard curve prepared using standard amylose
(amylose extracted from potato, Sigma Aldrich Co. USA).

Cooking Quality of Rice
Cooking properties of the rice samples were determined based on available standard procedures (Batcher et al
1956, Singh et al 2005, Thomas et al 2013).

Minimum Cooking Time

Rice samples (2 g) were cooked in a tube at around 90°C with distilled water (20 ml) in a boiling water bath.
The minimum time required for cooking was estimated by pressing the cooked rice samples between two glass
slides (till no white core was left) by observing few cooked rice samples at regular time intervals.
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Gruel Solid Loss

To measure the gruel solid loss, the gruel liquor obtained during the experiment for water uptake ratio was
drained on tarred crucible and was evaporated on boiling water bath and placed into the hot air oven until it was
completely dry. The dry solid obtained was weighed and percentage of gruel solid loss was calculated.

Weight of the residue

Gruel loss % = 100

Weight of the sample (rice)

Elongation Ratio

To determine elongation ratio, twenty random kernels of each rice sample were taken, their length was
measured and cooked to the minimum cooking time. The cooked kernels were taken out and placed on blotting
paper with the help of bent wire to absorb excess water. The length of cooked rice kernels was measured by
spacing on graph paper. Elongation ratio was calculated by dividing the average length of cooked kernel by its
original length as given

. . Average length of cooked kernel (mm
Elongation ratio = ge ons (mm)

X 100%

Average length of uncooked kernel (mm)

Statistical Analysis
IBM SPSS Statistics Version 20 and Microsoft Office Excel 2007 were used for the statistical analysis and data
interpretation. The data were analyzed by one-way analysis of variance (ANOVA) using SPSS programming at
5% level of significance. The significant differences between these parameters were studied by using LSD at 5%
level of significance.

RESULTS

Milling Recovery

Milling recovery (%) of Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from 83.37+0.15 to
73.51+0.01, 80.85+0.06 to 71.79+0.29 and 80.02+0.20 to 71.54+0.04 respectively at 0% to 12% DM. With
increasing degree of milling, milling recovery of rice showed linear trend with negative slope as shown in
Figure 1. The negative slopes indicated the decrease in milling recovery of the rice varieties with increasing
degree of milling. The mathematical equations for the rate of decrease in milling recovery with increasing DM
are shown in Table 1.

© 8 —o—A Table 1. Modeling of milling recovery of rice with different
<.80 —-B degree of milling
g —A—C Parameters  (A) (B) (C)
8 75 Lumle-2  Chhomrong Machhapuchhre-3
X 4o Equation Y = - Y =-109.2X Y =-104.0X +80.31
g 1054X + +80.86
= 65 83.41
= Slope -105.4 -109.2 -104

60 - ; - - R? 0.999 0.999 0.999

0% 5% 10% 15%
Degree of Milling

Figure 1. Effect of degree of milling on milling recovery of rice.

Head Rice Recovery

Head rice recovery showed linear trend with the DM for all rice varieties examined as shown in Figure 2. The
head rice recovery decreased with increase in the degree of milling, the negative slopes indicated the decrease of
head rice recovery with increasing degree of milling. Head rice (%) of Lumle-2, Chhomrong and
Machhapuchhre-3 varieties decreased from 82.18+0.01 to 68.68+0.15, 84.99+0.05 to 56+0.05 and 76.54+0.01 to
55.07+0.03respectively at 0% to 12% DM. The mathematical equations for the rate of decrease in head rice
recovery with increasing DM are shown in Table 2.
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90 ——7 Table 2. Modeling of head rice recovery with different degree of
< 85 —o—38 milling
OE* 80 —a—C Parameters (A) Lumle-2 (B) ©
g 5 Chhomrong Machhapuchhre-3
3 Equation y = -116.0x +y = -237.4x + y=-182.3x + 74.92
2 10 81.72 83.80
e 65 Slope -116 -237.4 -182.3
3 00 R? 0.986 0.976 0.952
2L 55

50 - T T )

0% 5% 10% 15%
Degree of Milling

Figure 2. Effect of degree of milling on head rice recovery of rice.

Thousand Kernels Weight

Thousand Kernels Weight of rice also showed the linear relationship for all rice varieties tested as shown in
Figure 3. The Thousand Kernels Weight decreased with increase in the degree of milling, the negative slopes
indicated the decrease of the Kernel Weight with increasing degree of milling. Thousand Kernel Weight (g) of
Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from 24.55+£0.02 to 21.61+0.04, 25.03+0.18 to
23.35%0.14 and 20.06+0.06 to 16.99+0.01respectively at 0% to 12% DM. The mathematical equation for the
rate of decrease in thousand kernels weight with increasing DM is shown in Table 3.

Table 3. Modeling of thousand kernel weight of rice with

—~ 29 —_— A

g —0—-8B different degree of milling

z 27 ——c Parameters (A) (B) (C)
=)

2 25 Lumle-2 Chhomrong ~ Machhapuchhre-3
T 23 Equation Y = -2519X Y = -1367X + Y =-2414X+
< 2l +24.71 25.22 20.17
o

5 19 Slope 2519 1367 2414
>S5

2 17 R? 0.961 0.967 0.969

=
ol

0% 5% 10% 15%
Degree of Milling

Figure 3. Effect of degree of milling on thousand kernel weight of
rice.

Fat Content

Fat content of the rice varieties was found to be decreasing with increasing degree of milling. Fat content (%) of
Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from 3.07+£0.10 to 0.82+0.04, 2.57+0.03 to
0.80£0.05 and 2.74+0.03 to 0.83+0.01respectively at 0% to 12% DM. The fat content showed linear relationship
as shown in Figure 4, where the negative slopes indicated the decrease in the fat content. The mathematical
equations for the rate of decrease in fat content with increasing DM are shown in Table 4.

35 —o—A Table 4. Modeling of fat content of rice with different degree
3 —+B of milling

o 2-2 —4—C Parameters (A) (B) (©)
% 15 Lumle-2  Chhomrong Machhapuchhre-3
L '1 Equation Y = -Y =-1540X + Y =-15.37X +
05 18.66X  + 2.558 2.677

0 . . . 3.027
R 0.993 0.984 0.988

Degree of Milling

Figure 4. Effect of degree of milling on fat content of rice.

Protein Content

10
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Protein content of the rice varieties were found to be decreasing with increasing degree of milling. Protein
content (%) of Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from 12.55+0.32 to 9.91+0.11,
8.41+0.16 to 7.30+0.20 and 9.96+0.36 to 8.15+0.03respectively at 0% to 12% DM. The protein content also
showed linear relationship as shown in Figure 5, where the negative slope indicates the decrease in the protein
content. The mathematical equations for the rate of decrease in protein content with increasing DM have been
shown in Table 5.

14 —eo—A Table 5. Modeling of protein content of rice with different
13 degree of milling
—{—B
12 Parameters (A) (B) ©
o 11 Lumle-2 Chhomrong Machhapuchhre-3
i 10 Equation Y =-2024X Y = -9.853X + Y =-1497X +10.19
g 9 +12.75 8.585
o 3 Slope -20.24 -9.853 -14.97
7
6 R? 0.908 0.802 0.819
5 4 T T )
0% 5% 10% 15%
Degree of Milling

Figure 5. Effect of degree of milling on protein content of rice.

Total Ash Content

Total ash content of the rice varieties was found to be decreasing with increasing degree of milling. Total ash
content (%) of Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from 1.81+£0.04 to 0.72+0.02,
1.65£0.06 to 0.85+0.01 and 1.84+0.03 to 0.99+0.04respectively at 0% to 12% DM. The total ash content
followed linear trend as shown in Figure 6 where the negative slopes indicates the decrease in the total ash

content. The mathematical equations for the rate of decrease in total ash content with increasing DM are shown
in Table 6.

2 ——A Table 6. Modeling of total ash content of rice with different
B degree of milling
_ 15 —4&—C Parameters  (A) (B) (©)
p Lumle-2 Chhomrong  Machhapuchhre-3
g 1 Equation Y =-9.801X +Y = -6.816X + Y =-6.820X +
E 1.807 1.680 1823
2 05
Slope -9.801 -6.816 -6.820
0 - ' ! ' R? 0.948 0.983 0.986
0% 5% 10% 15%
Degree of Milling

Figure 6. Effect of degree of milling on total ash content of rice.

Amylose Content

The amylose content of the rice varieties was found to be increasing with increase in the degree of milling.
Amylose content (%) of Lumle-2, Chhomrong and Machhapuchhre-3 varieties increased from 26.73+0.14 to
27.36+0.05, 26.96+0.02 to 28.54+0.10 and 26.95+0.08 to 27.63+0.04respectively at 0% to 12% DM. Amylose
content increased linearly (Figure 7) shows the increase of amylose with an increase in the degree of milling.

The mathematical equations for the rate of increase in amylose content with increasing DM are shown in Table
7.

29 oA Table 7. qu(_aling of amylose content of rice with different
285 ——B gegree of milling
S —a—C arameters (A) (B) ©
o 28 Lumle-2 Chhomrong  Machhapuchhre-3
S 975 Equation Y =Y = 13.10X + Y =4.943X + 26.84
g 5.250X + 26.8
< 27 26.65
26.5 - . i . Slope 5.259 13.10 4,943
0% 5% 10% 15% R? 0.843 0.895 0.718
Degree of Milling
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Figure 7. Effect of degree of milling on amylose content of rice

Total Carbohydrate Content

Total carbohydrate content of the rice varieties increased with increasing the degree of milling (Figure 8, Table
8). Carbohydrate content showed linear relationship with the degree of milling. Total carbohydrate content (%)
of Lumle-2, Chhomrong and Machhapuchhre-3 varieties increased from 68.57+0.34 to 74.55+0.42, 73.37+0.21
to 77.05+0.24 and 71.46+0.18 to 75.98+0.21 respectively at 0% to 12% DM.

78 Table 8. Modeling of total carbohydrate content of rice with
X 76 different degree of milling
o) Parameters (A) (B) ©
fg & Lumle-2 Chhomrong Machhapuchhre-3
2 72 —A Equation Y = 48.82X Y =3207X+ Y =37.04X +71.31
2 7 —0-B +68.40  73.17
S8 68 —&—C Slope 48.82 32.07 37.04
0% 5% 10% 15% R? 0.985 0.964 0.982
Degree of Milling

Figure 8. Effect of degree of milling on carbohydrate content of rice.

Iron Content

The iron content of the rice varieties tended to linear decrease with increasing degree of milling (Table 9,
Figure 9). Iron content (mg/100g) of Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from
1.37£0.02 to 0.35+0.01, 1.77+0.01 to 0.39£0.01 and 3.04+0.02 to 1.51+0.01respectively at 0% to 12% DM.

35 —o— A
3 —B Table 9. Modeling of iron content of rice with different degree of
= 25 —a—C milling
g~ Parameters  (A) (B) ©)
s 2 Lumle-2 Chhomrong Machhapuchhre-3
g 15 Equation Y =-7967X Y = -11.44X + Y =-13.39X +3.030
s 1 +1.429 L2
B 0'3 Slope -7.967 -11.44 -13.39
0% 5% 10% 15% R? 0.945 0.989 0.974
Degree of Milling

Figure 9. Effect of degree of milling on iron content of rice.

Phosphorous Content

Phosphorous content of the rice varieties decreased with increasing degree of milling (Figure 10, Table 10).
The phosphorous content in rice varied substantially according to the varieties. The phosphorus content sharply
declined in Lumle -2 rice variety with the increasing milling rate while the decline in phosphorus level was
relatively low in Chhomrong and Machhapuchhre-3 varieties (Figure 10). Phosphorous content (mg/100g) of
Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from 242.07£0.20 to 215.24+0.24,
215.26+0.10 to 193.48+0.38 and 395.67+0.66 to 277.67+0.15respectively at 0% to 12% DM.

—~ 450 ——A . N
= B Table 10. Modeling of phosphorous content of rice with different
S 400 —a-0C degree of milling
2 350 Parameters (A) (B) ©
% 300 Lumle-2 Chhomrong Machhapuchhre-3
§ Equation Y = - Y =-1963X + Y =-993.4X+39%.4
s 20 205.6X + 214.4
gf 200 245.0
= Slope -205.6 -196.3 -993.4
[a 150 T T T 1 >

0% 5% 10% 15% R 0.858 0.919 0.998

Degree of Milling

12
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Figure 10. Effect of degree of milling on phosphorous content of rice.

Calcium Content

Calcium content of the rice varieties decreased with increasing degree of milling (Figure 11, Table 11).
Calcium content (mg/100g) of Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from

17.75+0.15 to 12.98+0.09, 17.87+0.04 to
DM.

13.88+0.10 and 31.81+0.20 to 26.89+0.10respectively at 0% to 12%

35 ——A Table 11. Modeling of calcium content of rice with different

30 ——B | degree of milling
5 —4&—C Parameters  (A) (B) (©)
g 2 Lumle-2 Chhomrong  Machhapuchhre-3
S 20 Equation Y = - Y = -2948X Y =-43.64X +
£ 38.42X + +18.01 31.94
c 15 18.33
3 10 Slope -38.42 -29.48 -43.64
S s R? 0.872 0.907 0.971

0 T T T 1
0% 5% 10% 15%

Degree of Milling

Figure 11. Effect of degree of milling on calcium content of rice

Gruel Loss

Gruel loss % of Lumle-2, Chhomrong and Machhapuchhre-3 varieties increased from 1.51+0.01 to 7.98+0.10,

3.47+0.08 to 9.04+0.03 and 5.48+0.01 to 9.14+0.11respectively at

——A
—{1-B
—a—C

Gruel loss %
OFRPNWKMNUUIOON00WOWO

0% 5% 10% 15%
Degree of Milling

0% to 12% DM. Gruel loss during cooking of the experimented
rice showed linear relationship with the degree of milling. The
gruel loss increased with increase in the degree of milling (Figure
12, Table 12).

Table 12. Modeling of gruel loss of rice with different degree of

Figure 12. Effect of degree of milling ongruel

Cooking Time

milling

Parameters  (A) (B) ©
Lumle-2 Chhomrong Machhapuchhre-3

Equation y=56.78x y = 44.67x + y=33.63x+5.068
+1.715 3.319

Slope 56.78 44.67 33.63

R 0.967 0.982 0.898

loss of rice.

Cooking time of all rice varieties showed linear relationship with increasing degree of milling (Figure 13, Table
13). The increase in the degree of milling reduced the cooking time significantly. Cooking time (minutes) of
Lumle-2, Chhomrong and Machhapuchhre-3 varieties decreased from 30+1 to 12+1, 30+1.5 to 21+1 and 30+0.5

to 15+0.5respectively at 0% to 12% DM.

35

—_ —o—A Table 13. Modeling of cooking time of rice with different
g 30 —1—B degree of milling

2 55 Parameters (A) (B) (©)
S Lumle-2 Chhomrong Machhapuchhre-3
g 20 - Equation Y = -Y=-7296X + Y =-126.6X +
= 155.1X +29.12 28.35
2 15 28.77

S Slope -155.1  -72.96 -126.6
S8 10 ; : - R? 0.957  0.908 0.904

0% 5% 10% 15%
Degree of Milling

Figure 13. Effect of degree of milling on cooking time of rice

13



Milling effect on cold water rice quality by Subedi et al

Elongation Ratio

Elongation ratio of all three rice varieties was found to be increasing with increasing degree of milling (Figure
14, Table 14). Elongation ratio of Lumle-2, Chhomrong and Machhapuchhre-3 varieties increased from
1.15+0.08 to 1.45+0.03, 1.16+0.02 to 1.5040.05 and 1.19+0.08 to 1.48+0.02 respectively at 0% to 12% DM.

1.6

15 Table 14. Modeling of elongation ratio of rice with different
2 7 degree of milling
c 14 Parameters  (A) (B) ©
S 13 Lumle-2 Chhomrong Machhapuchhre-3
g 19 ——A Equation y=2801x y = 2.863x + y=2.452x+1.173
5 —1—B +1.142 1.185
m 11 —aC Slope 2.801 2.863 2.452

1 ' ' ' R? 0.891 0.941 0.927
0% 5% 10% 15%
Degree of Milling

Figure 14. Effect of degree of milling on elongation ratio of rice.

DISCUSSION

From this research significant (P<0.05) influence of degree of milling (DM) on cold water rice quality
parameters were observed. Thapa et al (2010) also reported decreased milling recovery with increasing degree
of milling in different slender and bold rice varieties. The reduction in milling recovery is due to loss of
endosperm layer from rice kernel along with bran layer as bran during higher degree of milling. Hence the lower
degree of milling can increase the milling recovery of rice by preventing the loss of endosperm in bran. Thapa et
al (2010) also reported a decrease in head rice recovery with increasing degree of milling in different slender
and bold rice varieties. The decrease in head rice recovery and increase in broken rice is due to the removal of a
greater amount of bran as well as due to the increased breakage of weak rice kernels with longer milling
duration (Saleh and Meullenet 2013, Siebenmorgen and Sun 1994). Hence, head rice recovery can be increased
by adopting relatively lower degree of milling.

Environmental factors such as temperature and humidity during ripening and postharvest handling are known to
influence grain breakage during milling (Pillaiyar 1988). Head rice recovery is also dependent upon the grain
size, shape and appearance. In general, varieties with long or long bold grains and those having chalky grains
give lower head rice yields. Varieties having medium, long, slender and translucent grains give the best head
rice yield (Pillaiyar 1988).The decrease in thousand kernel weight was due to the removal of a greater amount of
rice endosperm as bran from the rice kernel as has been shown by Thapa et al (2010).

The lipid content of rice is very low (1-2%) and it mainly contains phospholipids; palmitic, stearic, oleic,
linoleic and linolenic acids (Kent 1983). Fat content in brown rice and white rice (milled rice) had been shown
to be 1.9% and 0.4%, respectively by Watt and Merrill (1963). The fat contents of rice in present study occurred
within the reported ranges. The increase in the degree of milling showed a substantial reduction in fat content of
all rice varieties, because rice lipids are known to be localized on the outer caryopsis coat, aleurone and sub-
aleurone layers of rice kernels (Pillaiyar 1988); therefore, milling to a higher degree might have resulted in the
removal of a greater amount of lipid from the milled rice. A similar observation was reported by Fujino (1978)
that the degree of milling and the milling procedure influence the fat content of milled rice as well as bran. In
addition, the major proportion of fat is present in bran and embryo reported by Houston and Kohler (1970).
Thus, during milling, most of the fat is removed with bran.

Protein content in brown rice varies from 4.3 to 18.2 % and in milled rice from 5 to 14 % (Juliano et al 1964).
Yoshizawa and Ogawa (2004) also reported a decrease in milled rice protein content with increase in milling
degree. The reduction in protein is attributed to the removal of outermost layers of rice kernels which are known
to be rich in protein content. The amylose content in brown rice was substantially lower than in milled rice at a
different degree of milling. This may be due to the presence of bran layer which contributed to the higher dry

14
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weight of the grain. Removing the bran at different degrees of milling had increased the amylose content.
Carbohydrate is, quantitatively, the most important constituent forming about 83% of the total dry matter of rice.
The carbohydrate present in rice grain is mainly starch, cellulose, hemicellulose, fiber, dextrin, and sugar. Starch,
a polymer of glucose, occurs in the endosperm as compound polyhedral granules 3 to 10 pm in size (Juliano
1972). It is clear that increase in total carbohydrate content with increasing degree of milling was due to the
removal of fat, protein and mineral portions in bran.

The ash distribution of brown rice is reported to be 51% in bran, 10% in germ, 11% in polish and 28% in milled
rice (Resurreccion et al 1979). Another study indicated that, most minerals showed a distribution similar to that
of ash Juliano and Bechtel (1985). More minerals were present in the aleurone and outer layers of rice kernel
than towards centre, thus with increase in degree of milling lead to reduction in total ash and minerals. Watt and
Merrill (1963) showed the average iron content (mg/100g) of brown rice and milled rice were 1.6 and 0.8,
respectively. The phosphorous content in brown rice varied from 215.26 to 445.59 mg/100g, this range was
higher than the values reported by Watt and Merrill (1963). A similar observation was reported by Dhaliwal et
al (1998), where six different rice varieties of Himachal Pradesh had phosphorous content in brown rice ranging
from 404.2 to 470.88 mg/100g. In similar study the phosphorous content of milled rice ranged from 218.04 to
310.08 mg/100g. The analysis showed that higher DM led to a highloss of phosphorous content. According to
Watt and Merill (1963), the average calcium content (mg/100gm) of brown rice and milled rice were 32 and 24,
respectively). Our data showed substantial differences among the varieties in relation to the degree of milling.
The calcium content in brown rice ranged from (17.749 to 31.813) mg/100gm and the values were found to be
lower than values reported by Watt and Merrill (1963).

Generally, all the varieties possess poor cooking quality if cooked immediately after harvest. The rice become
pasty, fail to swell properly, lose more solids in solution and the grains are more cohesive and have a tendency
to disintegrate, if cooked soon after harvest. However, such characteristics become progressively less with age
in older rice (Grist 1975). According to He (1989), the stored rice needs longer time for cooking, the volume
expansion and water absorption increases and total solids in cooking water decreases as compared to fresh rice.
Sabularse et al (1991) suggested that the reduction in cooking time with an increase in the degree of milling may
be attributed to starch fragmentation and opening up of kernel structure by milling resulting in increased water
absorption by rice kernel. Juliano (1985) revealed that cooking time for milled rice were shorter than partially
milled brown rice, this was due to absence of the bran layer The differences in the cooking time of brown and
milled rice may also be related to differences in starch gelatinization temperature. Rice starch with higher
gelatinization temperature has been shown to require longer cooking time than those with lower gelatinization
temperature (Juliano and Perez 1983). A similar observation has been shown by Acharya (1991) that fine, long
and slender varieties elongate more than coarse and medium varieties. Some varieties expand in size more than
others upon cooking. The low elongation ratio may be because of freshly harvested rice samples (Grist 1975).
Elongation of rice can be influenced by both length and breadth (I/b) ratio and amylose contents (Singh et al
2005, Danbaha et al 2011).

CONCLUSION

Different degree of milling substantially affected the milling, nutritional and cooking properties of the examined
rice. Increase in DM resulted in further reduction of protein content, fat content, minerals, milling recovery and
head rice yield. A positive correlation between DM, amylose content, kernel elongation and gruel solid loss was
observed. With an increase in DM amylose content, kernel elongation and gruel solid loss were found to be
increased. Cooking time was found to be inversely proportional with DM. It is suggested that adopting up to 6-
8% DM for commercial milling of rice might help to prevent quantitative, qualitative and nutritional loss along
with retention of good cooking characteristics.
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