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ABSTRACT: The present study was carried out to compare different varieties of rice (Waxy ,
black, Giza 178 and Egyptian Jasmine) as brown and white rice physically, chemically and
technologically.

The obtained results revealed that, physical properties of brown and white rice varied from one
variety to another. It was found that Egyptian Jasmine had the longest length when compared
with other varieties. It had also the lowest width among all of the tested ones, whereas Waxy
had the highest value in grain index. The paddy rice of raw Egyptian Jasmine had the highest
percentages of broken kernels and the lowest percentages of head and brown rice as compared
with other rice varieties.

Water uptake of white rice was significantly higher than that of brown rice. Brown black rice had
the longest cooking time (40 min) compared to the others.

Gel consistency (GC) varied significantly among varieties in both brown and white rice. Alkali
spreading value in brown rice varieties showed lower values in comparing with white rice
varieties. . Waxy rice had the highest gel consistency (GC) and gelatinization temperature (GT)
among the other varieties; but it had the lowest content of amylose.

Black rice had the highest amylose content and elongation. Furthermore, Black rice contains
high content of ether extract, ash and crude fibers, but lower content of total carbohydrate,
compared with other varieties. In addition, brown rice of all varieties had higher contents of
crude protein, ether extract, ash and fiber but lower content of total carbohydrates, whereas the
rice variety of black rice had a relatively high levels of mineral contents comparing with the other
rice varieties.
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INTRODUCTION Nowadays, colored rice (Oryza stiva L.)

Rice is a major cereal crop in the consumption is increasing rapidly. Both
developing world. It is consumed as a staple waxy and non-waxy black rice are
food by over one-half of the world's particularly importantly colored rice species,
population with approximately 95% of and derive their names from their naturally
production in Asia (Bhattacharjee et al., purple or black pigments that have been
2002). Although widely consumed as white confirmed as anthocyanins (Kong and Lee,
rice, there are many special cultivars of rice 2010).

that contain colour pigments, such as black
rice, red rice and brown rice. Their name
refer to the kernel colour (black, red or
purple) which is formed by deposits of
anthocyanins in different layers of the
pericarp, seed coat and aleurone
(Chaudhary, 2003).

Black rice has a number of nutritional
advantages over common rice, such as a
higher content of protein, vitamins and
minerals, although the latter varies with
cultivar and production location (Suzuki et
al., 2004).
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Pigmented rice grains (Oryza sativa L.),
such as black and red rice, possess
phenolic compounds distributed in their bran
layers. Phenolics compounds have been
shown to promote several health benefits for
consumers, including antioxidant,
anticarcinogenic, antiallergic, anti-
inflammatory, antiatherosclerosis and
hypoglycemic activities (Deng et al., 2013).

Differences in quality of rice products,
made from waxy rices are correlated with
gel consistency and gelatinization
temperature of waxy rice starch (Villareal et
al., 1993).The same authors found that, the
preferred waxy rices have soft, sticky texture
and correspond to starches with low
gelatinization temperature .

Rice, unlike most cereals, is consumed
as the milled whole grain. The relationship
between the physicochemical properties of
its principal component, starch, and the
texture of the cooked kernel has been
difficult to determine. The wide range of
cooking and textural qualities in rice is
largely determined by the relative
proportions of amylose and amylopectin in
the starch ( Ibanez et al., 2007)

Genetics plays a major role in
determining rice functionality. Environment
and cultural practices also have been shown
to significantly affect composition and
consequently, cooking characteristics of rice
(Dang and Copeland 2004).

Cooking and eating quality of rice have
never caused a serious problem in Egypt
since nearly more than 95% of the rice area
is planted by Japonica rice Vvarieties
because of their moistures, tenderness,
gloss and taste. Recently, however,
emphasis of development of long grain
Indica rice has brought in to focus the
problem of cooking and eating quality in
breeding program (El-Hissewy and El-Kady
1992).
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The objective of this study was to
compare the physical attributes, chemical
composition and physicochemical properties
of waxy and non waxy rice varieties grown
together in the Kafrelsheikh Governrate.

MATERIALS AND METHODS
Materials

Three varieties of rice (Oryza sativa L.)
namely Waxy , black, Giza 178 and
Egyptian Jasmine were employed in this
study. These samples were obtained from
Rice Research and Training Center (RRTC)
at Sakha Kafr EI-Sheikh Governorate, Egypt
during the season of 2014, under the
recommended conditions for date of culture,
fertilization, harvesting time and irrigation.

Methods
Preparation of rice samples

Raw rice samples were dehulled to
obtained the brown rice. The brown rice was
divided into two parts the first one was used
as brown rice, where the second was milled
to obtained the white rice. The brown and
white rice were kept in polyethylene bags
and stored in freezer at -180C until further
analysis.

Determination of physical
properties
Hulling, milling output and head rice

percentages were estimated according to
the method of Khan and Wikramanayake

(1971) at Rice Research and Training
Center (RRTC) Sakha, Kafr EI-Sheikh,
Egypt.

The grain physical attributes (1000 grain
weight, grain dimension (length and width),
grain shape (grain length to width ratio) were
measured. The 1000 grain from each variety
of rice were counted randomly in triplicate
and weighted separately. Grain length and
width were measured using a micrometer
with accuracy of 0.001 mm where 10
uniform rice grain were randomly selected
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and their length and width were measured in
duplicate (Suwansri and Meullenet, 2004).

Bulk density of rice was determined
according to the method of Myklestad et al.
(1968).

Water uptake, sedimentation values at
770C and 820C and cooking time: water
uptake, sedimentation values and cooking
time of brown and white rice varieties were
determined following to procedures of
Simpson et al. (1965).

Determination of
eating quality

Alkali spreading value was determined
according to the method described by
Bhattacharya and Sowbhagya (1980).

cooking and

Gel consistency (GC) was determined
according to the method described by
Cagampang et al. (1973). Elongation
percentage was measured using the method
of Tomar (1985).

Amylose  content was  measured
according to Juliano et al. (1981) procedure.
Pasting characteristics of rice flour were
carried out using Brabender amylograph as
described by A.A.C.C. (1995) procedure.

Chemical composition of rice
samples

Moisture, ash, crude protein, ether
extract and crude fiber contents were

determined according to the methods of
A.O.A.C. (2005). Total -carbohydrates
content was calculated by subtracting
protein, ash, and ether extract from total
mass of 100 as reported by A.O.A.C. (2005).
Total phosphorus was determined
colorimetrically using ascorbic acid method
as described by Murphy and Riley (1962).
Potassium and sodium contents of rice
samples were estimated using flame
photometer as given by Pearson (1976).
Calcium, iron, zinc and copper contents of
rice samples were conducted using the
atomic absorption spectrophotometer
Perken Elmer Model 20180 following the
method of Pearson (1976).
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Statistical analysis

Most of the received data were analyzed
statistically using the analysis of variance
and the means were further tested using the
least significant difference test (LSD) as
outlined by Stell and Torrie (1980).

RESULTS AND DISCUSSION
Physical properties of some rice
varieties

Data presented in Table (1) indicated
that, the length of brown rice grains ranged
between 5.25 to 9.48 mm, whereas the
length of white rice grains ranged from 5.10
to 9.26 mm, Egyptian jasmine rice was
significantly the longest among all rice
varieties.

The width of brown rice in the four
different varieties of rice (wax ,black , Giza
178 and Egyptian jasmines) were 3.91,
2,90, 2.83 and 2.49 mm, and white rice
grains had the values of 3.75, 2.74, 2.76 and
2.26 mm, respectively. As for grain shape
the results referred that, Egyptian jasmines
variety was slender shape. wax, black and
Giza 178 were bold shape according to
Ahuja et al. (1995). Kent and Evers (1994)
classified the shape as slender > 3.00,
medium (3.01-3.00), bold (1.01-2.00) and
round (< 1.0).

Apparent also from the same table that,
grain index values of brown and white rice of
the four rice varieties (wax, black, Giza 178
and Egyptian jasmines) were (24.30, 23.65,
20.78 and 20.70 g); (21.20, 20.46, 17.48
and 18.40 g), respectively. In addition the
data in the same table revealed that, bulk
density were higher in white rice samples
than those of brown rice. Apparent also from
the above mentioned data that, milling
process led to a pronounced increase of
bulk density, where a noticeable decrement
in grain index values were recorded. Data in
this respect were in agreement with the
findings of numerous investigators (FAO,
1993; Perdon et al.,, 2000; Kamel et al.,
2001 and Jiamyangyuen and Ooraikul,
2008).
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Table (1): Some Physical properties of the tested rice varieties.

Grain dimension
. . . "Grain index|Bulk density
Rice variety Treatment Length Width (mm) Grain shape ) (g/cm3)
(mm)
Waxy Brown 7.25d 3.91a 1.85¢c 24.30 a 0.85b
White 7.47c 3.75a 1.99¢c 21.20c 0.89a
Brown 5.25¢€ 290 b 181c 23.65b 0.83b
Black
White 5.10f 274 b 1.86¢ 20.46 e 0.87 a
Brown 5.35e 2.83b 1.89¢ 20.78d 0.84b
Giza 178
White 5.12f 276 b 1.85¢c 17.48¢g 0.88 a
. Brown 9.48 a 249c 3.81b 20.70d 0.86 b
Egyptian
lasmines White 9.26 b 2.26 d 4.09 a 18.40 f 0.89 a

*Each value was an average of ten determinations

+Values followed by the same letter in column are not significantly different at P < 0.01.

"Grain index = weight of 1000 grains.

Milling characteristics of some
rice varieties

Data present in Table (2) indicated that,
the hulls percentage of raw paddy rice
ranged between 24.50 to 21.20%. Apparent
also from the same table that, brown rice
recovery differed significantly between the
samples. Waxy rice had the highest value
of brown rice (78.80%) where Egyptian
jasmines rice had the Ilowest value
(75.50%). For the milled rice percentage,
Black rice was significantly the highest, but
Waxy rice was the lowest.

The percentages of head and broken rice
varied according to the length and width of
the rice varieties as given in Table (1) the
japonica rice variety (Black) had lower
percentages of broken rice than those of
Indica rice variety (Egyptian jasmines).
These results were in the same trend with
those reported by ( El-Kady and Draz, 1995;
Wiset et al., 2001 and Abd El-Rassol et al.,
2005).
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Water uptake, sedimentation value
and Cooking time of some rice
varieties.

Results given in Table (3) show that,
brown black rice had the highest cooking
time compared to the other samples (40
min.). Generally, brown rice had cooking
time higher than that of milled rice. The
obtained results were in line with those
reported by ( Lee et al.,, 1995 and Paiva et
al.,2016 ) who reported that , faster rate of
water uptake indicated a shorter cooking
time. As for water uptake it could be noted
that, water uptake values of 770C and 820C
were higher in white rice samples than those
of brown rice ones. This may be related to
the removal of protein, lipid and minerals in
brown rice samples. Dharmaputra (1997)
found that, water uptake could be easily
bound by carbohydrate compared to lipid or
protein.
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Table (2): Milling characteristics of some rice varieties.

_ _ Hulls Brown rice | Milled rice | Headrice | Broken rice
Rice variety 0 0
% % % % %
Waxy 21.20c 78.80 a 65.70 d 56.90 c 8.80 b
Black 21.30c 78.70 a 69.50 a 64.10 a 5.40d
Giza 178 21.90 b 78.10 b 68.80 b 62.50 b 6.30c
Egyptian jasmines 24.50 a 75.50c 66.50 c 54.40d 12.10 a

*Each value was an average of three determinations
+Values followed by the same letter in column are not significantly different at P < 0.05.

Table (3): Water uptake, sedimentation value and Cooking time of some rice varieties.

Water uptake (ml Sedimentation value ml
Rice variety Treatment H20/100 g rice) sed./ 100 g rice) .Cookmg
time (min.)
77 0C 820C 770C 820C
Brown 210.61d 24211 f 1.26¢ 1.50c 34b
Waxy
White 230.90b 273.32b 1.60b 2.10b 20e
Brown 212.50d 246.35e 1.15c 1.45c 40a
Black
White 242.10a 276.50b 235a 2.65a 25d
Brown 231.45b 267.77c 1.70b 1.80c 30c
Giza 178
White 245.50a 283.91a 2.45a 2.65a 22e
: Brown 222.70c 251.30d 1.50b 1.90b 35b
Egyptian
Jasmines White 243.20a | 281.80a | 2.30a 2.70a 21e

*Each value was an average of three determinations
+Values followed by the same letter in column are not significantly different at P < 0.05

Apparent also from the same table that,
sedimentation values at 770C and 820C
were higher in white rice samples than those
of brown rice. Furthermore, sedimentation
values at 820C were higher than those of
770C for different rice varieties. Furthermore
Brown Black rice and Brown Waxy rice had
the lowest sedimentation value among all of
the tested rice varieties (1.15 and 1.45 ml
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sed./100 g rice) and (1.26 and 1.50 ml
sed./100 g rice) at 770C and 820C,
respectively.

The obtained results were in line with
those reported by (Chrastil, 1994; Zhout et
al., 2002 and Sodhi et al, 2003 ;
Jiamyangyuen ; Ooraikul, 2008 and El-Bana
et al., 2010).
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Cooking and eating quality of
some rice varieties.

Data presented in Table (4) show that ,
gel consistency (GC) varied significantly
among varieties in both brown and milled
rice. GC in brown rice decreased
significantly compared with that of milled
rice. These results are in agreement with
those reported by El-Bana (2003).

Waxy rice had the highest GC in both
brown and milled rice, followed by Black,
then Giza 178, then Jasmine rice. Generally,
all varieties classified under soft rice which
ranged between 61-100mm as described by
Cagampang et al. (1973). Perez (1979)
concluded that GC of milled rice or rice
starch was a good measurement of gel
viscosity which in turn was an index for the
texture of cooked rice. Because of the
relationship between gel viscosity and
amylograph consistency, the last can be
used as a tool for rapid screening of eating
quality in a rice breeding program.

It should be also noted from the same
table that, alkali spreading value in brown
rice varieties showed lower values in
comparing with those of white rice varieties.

As for brown rice, it seems to require a
longer time to cook. Alkali spreading value is
used as an inverse indicator of gelatinization
temperature of rice starch granules that
affected by several factors including water
content of the gel, amylose content and
degree of crystalinity in the amylopectin
chain length (Lai, 2001; Irshad, 2001 and El-
Bana et al., 2010).

Waxy rice had the highest gelatinization
temperature among the other varieties. It
may be due to the lowest contents of
amylose.

The results in Table (4) show also that,
amylose content of Waxy rice variety
significantly had low content (6.50% in
milled and 7.47% in brown) compared to
other varieties. The highest contents for
amylose were found in Black rice variety
(26.60% in milled and 25.59% in brown).
The amylose contents of milled rice were
higher than those of brown rice in all
varieties. These results are in agreement
with those reported by Jane et al. (1999) ,
El-Bana (2003), Ibanez et al., 2007 and
Osman and Abd El-Galeel (2008).

Table (4): Cooking and eating quality of some rice varieties.

. Alkali i
Elongation Amylose
Rice variety Treatment Gel C(()rr;?;s)tency spreading Og Z
value (GT) % %
Brown 95.20b 4.00e 64.75e 6.50f
Waxy
White 97.77 a 4.50d 66.80c 7.47e
Brown 88.50d 5.00c 67.23b 25.59b
Black
White 90.30c 5.50 b 69.42a 26.60a
Brown 84.50c 5.60b 63.22f 17.52d
Giza 178
White 85.20e 6.50a 65.91d 18.75c
Egyptian Brown 80.30c 5.00c 59.00d 17.92d
jasmines _
White 85.80e 5.50b 63.60f 18.88c

*Each value was an average of there determinations

+Values followed by the same letter in column are not significantly different at P < 0.05
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It could be noted that, elongation values
of white rice were higher than those of
brown rice, some trand was recorded in
case of short grain variety (black , Waxy ,
and Giza 178 rice) when compared with
those of long grain variety (Egyptian
jasmines) for all treatments. This was
expected since water related positively with
grain elongation during cooking. These
results are in accordance with those of
(Ahuja et al., 1995 and El-Bana et al., 2010).

Chemical composition of some
rice varieties

Data presented in Table (5) showed that ,
the moisture content of brown and white rice
varieties ranged between 11.45 to 13.70%.
These values are in lien with those of
(Perez, et al, 1993 and Dharmaputra,
1997). Apparent also from the same table
that, moisture content of brown rice varieties
were lower than those of white rice. Amorim
et al. (2004) reported that , moisture content
plays a great role during the storage for rice.
From the same table, it could be observed
that, brown rice of Egyptian jasmines variety
contains a relatively high level of crude
protein content (8.30%), while, white wax
rice variety had the lowest level of crude
protein content (6.619%).

Results of the same table also revealed
that, there were high significant differ in
ether extract between brown and white rice
of the same variety, also between the
different varieties. The wax rice variety had
the highest ether extract content 2.45% for
brown and 1.31% for black white rice
variety. Siebenmorgen and Sun (1994) and
Pal et al. (1999) reported that surface fat
content was inversely related to the degree
of milling. High significant differences in ash
content was recorded between the varieties
as well as between brown and white rice in
the same variety. The black variety
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contained the highest ash content (1.46 and
1.12%) for brown and white rice,
respectively. Amorim et al. (2004) found
that, the ash content in the rice was 0.4% . It
was reported that, the ash content indicated
the amount of minerals.

The data presented in the same table
showed that, the white rice variety of waxy
had the highest carbohydrates content in
comparing with the other tested samples. In
addition, carbohydrates content of rice
samples was increased as a result of milling.
These results may be due to the removal of
the embryo and bran layer, to yield milled
rice poor in fat, crude protein, fiber and ash.
So, the level of available carbohydrates will
be higher in milled rice than in brown rice
(Singh et al, 2000 ; Suwansri and
Meullenet, 2004; Ibanez et al.,2007,
Moongngarm and Saetung 2010 and Paiva
etal., 2016 ).

Minerals content

The ash content of rice varieties was
important to some extent, it contained the
nutritionally impotent minerals. The levels of
these minerals showed in Table
(6).Potassium content was element among
all of the determined mineral contents.

Data indelicate that brown rice contained
the highest mineral contents among of all
tested rice samples, whereas the rice variety
of black rice had relatively high levels of the
mineral contents from brown and white rice
comparing with the other varities . These
results were in agreement with those
reported by FAO, (1993) , Abd EI- Rassol et
al. (2005) and El-Bana et al. (2010) and
Kenneedy (1980) found that the minerals
content rice verities varied from 58 to 117;
7.8 to0 25;5.91t0 10.3; 0.2 to 2.7 and from 0.3
to 1.37 mg/100 g for Potassium, Calcium,
Sodium, Iron and Zinc, respectively
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Table (5): Chemical compaosition (%) of some rice varieties.

. . . Crude Ether Crude **Total
Rice variety | Treatment | Moisture protein extract Ash fiber |carbohydrate
Brown 13.50a 7.64b 2.45a 1.40a 1.60b 88.51d
Waxy
White 13.70a 6.61 e 0.51d 0.49b 1.21c 92.39a
Brown 11.45d 7.89b 2.31a 1.46a 2.0la 88.34d
Black
White 11.60d 7.01d 1.31c 1.12a 1.03c 90.56¢
Brown 12.36¢ 7.91b 1.95b 1.29a 1.52b 88.85d
Gizal78
White 13.03b 7.12d 0.77d 0.72b 1.00c 91.39b
Egyptian Brown 12.12¢c 8.40a 1.91b 1.17a 1.05c 88.52d
jasmines White 12.31c 7.55¢ 0.77d | 0.71b | 0.69d 90.97b

Each value was an average of three determinations
+Values followed by the same letter in column are not significantly different at P < 0.05
**Total carbohydrate were calculated by difference.

Table (6): Mineral contents of some rice varieties.

Rice variety (mg/100g)
Treatment P %
K Na Ca Fe Zn Cu
Waxy Brown 0.23 290 6.7 11.9 0.9 1.50 0.73
White 0.16 136 5.7 7.5 0.6 0.90 0.67
Brown 0.32 366 13.3 18.7 3.90 2.5 0.76
Black

White 0.21 132 7.5 10.0 2.1 1.70 0.43
Brown 0.28 215 9.4 12.21 1.0 1.76 0.55

Giza 178
White 0.17 73 6.49 6.10 0.87 1.11 0.42
. Brown 0.26 291 8.55 12.22 1.0 1.8 0.69

Egyptian
jasmines White 016 | 113 | 6.45 7.9 0.7 11 | 058

REFERENCES Abd El-Rassol, E.A., S. R. Abd El-Hady and

A.A.C.C. American Association of Cereal
Chemists (1995). Approved Methods of
the American Association of

Cereal
Chemists, Inc., St. Paul., M.N., USA.

60

M.A. El-Bana (2005). Effect of parboiling
and milling processing on chemical
composition and some nutritional values
of two rice varieties. J. Agric. Sci.
Mansoura Univ., 30(12): 7781-7788.




Physical properties, chemical and technological evaluation of waxy and

Ahuja, S.C., D.V. Panwar, U. Ahuja and K.R.
Gupta (1995). Basmati rice: The scented
pearl, pp. 1-61. Hiusar, Haryana, India:
Directorate of Pub., CCS Har-yhana
Agricultural University

Amorim, J.A., S.A. Eiziazrio, D.S. Gouveia
A.S. Simoes, J.C. Santos, M.M.
Conceicao, A.G. Souza and M.F. Trindade
(2004). Thermal analysis of rice and by-
product. J. of thermal Analysis and
Calorimetry, 75: 393-399.

A.O.A.C. (2005). Association of Official
Agricultural Chemists. Official Methods of
Analysis. 18" Ed., Washington D.C., USA.

Bhattacharya, K.R. and K. Sowbhagya
(1980). Size and shape classification of
rice, Riso, 29: 181-185.

Bhattacharjee, P., R. S. Singhal and P. R.
Kulkarni (2002). Basmati rice: a review.
International J. of Food Science and
Technology, 37:1-12.

Cagampang, G.B., C.M. Perez and B.O.
Juliano (1973). A gel consistency test for
eating quality of rice, J. Sci. Food Agric.,
24: 1548-1594.

Chaudhary, R. C. (2003). Speciality rices of
the world: Effect of WTO and IPR on
its production trend and marketing. J. of
Food, Agric. and Environment, 1(2), 34—
41.

Chrastil, J. (1994). Effect of storage on the
physico-chemical properties and quality
factors of rice. In: rice Science and Tech.,
Marshall, W.E. and Wadswoth, 11. (eds.).
Marcel. Dekker, New York, pp. 49-81.
USA.

Dang, I.M. and L. Copeland (2004).
Genotype and environmental influences
on pasting properties of rice flour. Cereal
Chem. 81: 486-489.

Deng, G. F., X. R. Xu, Y. Zhang, D. Li, R. Y.
Gan and H. B. Li (2013). Phenolic
compounds and bioactivities of pigmented
rice. Critical Reviews in Food Sci. and
Nutrition, 53(3), 209-306.

Dharmaputra, O. (1997). The effects of
milling degree and type of bag on fungal

61

infection and some chemical contents of
stored milled rice, Biotropia, 10: 42-62.

El-Bana, M.A. (2003). Effect of packaging
materials and storage at room
temperature on the quality of some raw
and parboiled rice varieties. Ph.D. thesis,
Food Tech. Dept., Kafrelsheikh Fac. of
Agric., Tanta Univ., Egypt.

El-Bana, M.A., W.K. Galal and S .T. EI-
Hadidie (2010). Physico-and technological
studies on some Egyptian rice varities. J.
food and dairy Sci. Mansoura Univ., 1 (4):
161-172.

El-Hissewy, A.A. and A.A. El-Kady (1992). A
study on the cooking and eating quality
characters of some Egyptian rice varieties,
Acta Alimentaria, 21(1): 23-30.

El-Kady, A.A. and A.E. Draz (1995).
Evaluation of some morphological and
grain quality characters of different rice
genotypes under two ecosystems. Al-
Azhar J. Agric. Res., 21: 1-12.

FAO, Food and Agriculture Organization
(1993). Rice in Human Nutrition, Juliano,
B.O. (ed.), International Rice Research
Institute, Los Banos, Laguna, Philippines.

Ibanez, A. M., D. F. Wood, W. H. Yokoyama,
I. M. Park, M. A. Tinoco, C. A. Hudson, K.
S. McKenzie and C. F. Shoemaker (2007).
Viscoelastic properties of waxy and non-
waxy rice flours, their fat and protein-free
starch, and the microstructure of their
cooked kernels. J. Agric. Food Chem. , 55
16761 - 6771,

Irshad, A. (2001). Factors affecting rice grain
quality. Cereal Chem., 78(4): 295-399.

Jane, J., Y.Y. Chen and L.F. Lee (1999).
Effects of amylopectin branch chain length
and amylase content on the gelatinization
and pasting properties of starch. Cereal
Chemistry. 76, 629-637.

Jiamyangyuen, S. and B. Ooraikul (2008).
The  physico-chemical, eating and
sensorial properties of germinated brown
rice. J. of agric. and Environmental, 6(2):
119-124.



Abd El-Sattar, et al.,

Juliano, B. O., C. M. Perez, A .B. Blakeney,
D.T. Castillo, N. kongseree, B. Laignelet,
E. T. Lapis, V .V. S. Murty, C.M. Paule
and B.D. Weeb (1981). International
cooperative testing on the amylose
content of milled rice . Starch/Staerke
.33:157-162.

Kamel, O.M., R.M. Kholief, R.R. Abou-
Shiesha and M.A. Salem (2001). Influence
of tempering time on milling and cooking
quality of rice. Egyptian J. of Agric. Res.
79(4): 1540-1561.

Kennedy, B.M. (1980). Nutritional quality of
rice and endosperm. In: Rice production
and utilization, Luh, B.S. (ed.). AVI. Publ.

Comp. Inc. Westport, Connecticut. pp.
439, USA.
Kent, N.L. and A.D. Evers (1994).

Technology of cereals, 4" Ed., El-Sevier
Science Inc., 660 White Plains Road,
Torrytown, New York, 105, 951-553 USA.

Kong, S. and J. Lee (2010). Antioxidants in
milling fractions of black rice cultivars.
Food Chemistry, 120(1): 278-281.

Khan, A. U. and V. E. Wikramanayake
(1971). A Laboratory test tube miller. IRRI
Agric. Eng. Dep. PP:71-80..

Lai, H.M. (2001). Effects of hydrotheramal
treatment on the  physicochemical
properties of pregelatinized rice flour.
Food Chemistry 72, 455-463.

Lee, M.H., N.S. Hettarchchy, R.W. Mchew
and R. Gnanasambandam (1995).
Physicochemical properties of calcium
fortified rice. Cereal Chem., 72(4): 352-
355.

Moongngarm, A. and N. Saetung (2010).
Comparison of chemical compositions
and bioactive compounds of germinated
rough rice and brown rice Food Chem.,
122 ; 782-788.

Murphy, J. and J.P. Riley (1962). A modified
single solution method for determination of
phosphate in natural waters, Anal. Chem.
Acta, 27: 31-36.

Myklestad, O., E.M. Christie, G.G. Coate
and D.J. Mcdonadl (1968). Chemical,

62

physical and organoleptic properties of 12
varieties of rice, Division of Food
Preservation, Technical Paper, 33: 19
Commonwealth Sci. and Industrial Res.
Organization, Australia.

Osman, M.F. and M.A. Abd El-Galeel
(2008). Physical, chemical, thermal and
technological properties of some Egyptian
rice varieties. J. Agric. Sci. Mansoura
Univ., 33(8): 5893-5909.

Pal, V., J.P. Pandey and P.C. Sah (1999).
Effect of degree of polish on proximate
composition of milled rice. J. of Food Sci.
and Tech. Myhsore, 36, 160-162.

Paiva, F. F., N.L. Vanier, J.D. Berrios, V.Z.
Pinto, D. Delilah Wood, T. Williams, J.
Pan and M. Moacir Cardoso Elias (2016) .
Polishing and parboiling effect on the
nutritional and technological properties of
pigmented rice Food Chem. 191, 105-
112.

Pearson, D. (1976). The Chemical Analysis
of Food 7" Ed. Churchill, London, U.K.

Perdon, A.A..T.J. Siefenmorgen and A.
Mouromoustakos (2000). Glassy state
transition and rice drying: Development of
brown rice state diagram. Cereal Chem.,
77(6): 708-713.

Perez, C. M. (1979). Gel consistency and
viscosity of rice. International Rice
Research Institute (IRRI). Pp. 292, Manila,
Philippines.

Perez, C.M., C.P. Villareal, B.O. Juliano and
C.G. Biliaderis (1993). Amylopectin staling
of cooked non waxy milled rices and
starch gels, Cereal Chem., 70(5): 567-
571.

Siebenmorgen, T.J. and H. Sun (1994).
Relationship between milled rice surface
fat concentration and degree of milling as
measured with commercial degree of
milling as measured with commercial
milling meter. Cereal Chem. 71(4): 327-
329.

Simpson, J.E., C.R. Adair, G.R. Kohler, E.KI.
Dawson, H.J. Deobald, E.B. Kester, J.T.
Hogan, O.M. Batcher and J.V. Halick



Physical properties, chemical and technological evaluation of waxy and .............

(1965). Quality evaluation studies of cultivars of pigmented brown rice. Nippon
foreign  and domestic rices, USDA Shokuhin Kagaku Kogaku Kaishi, 51(8),
Technol. Bull., 133 p. 185. 424-427.

Singh, D., G.S. Chauhan, S.M. Tyogi and I. Tomar, J.B. (1985). Studies on the
Suresh (2000). Extruded snacks from inheritance of kernel size and its
composite of rice broken and wheat bran. association with physical and chemical
J. Food Sci. Tech., 37(1): 1-5. quality characters in rice. Z.

Sodhi, N.A., N. Singh, M. Arora and J. Singh Pflanzenzucht, 95: 361-366.

(2003). Changes in physicochemical, Villareal, C. P., B. O. Juliano and S. Hizukuri
thermal, cooking and texture properties of (1993). Varietal differences in amylopectin
rice during aging. J. of Food Processing staling of cooked Waxy milled rices.
Preservation, 27: 387-400. Cereal Chem. 70: 753 — 758.

Stell, R.G. and J.H. Torrie (1980). Principles Wiset, L., G. Srzednicki, R. Drisocll, C.
and Procedures of Statistics, 2" Ed. Nimmuntavin and P. Siwapornrak (2001).
McGraw-Hill, New York, USA. Effect of high drying temperature on ride

Suwansri, S. and J. Meullenent (2004). quality, Agricultural Engineering
Physicochemical characterization and International: The CIRGR Journal of
consumer acceptance by Asian Scientific Research and Development,
consumers of aromatic jasmine rice. J. of Manuscript FP 01003. Vol. 111.

Food Sci, 69(1): 30-37. Zhout, Z., K. Robordst, S. Helliwellt and C.

Suzuki, M., T. Kimura, K. Yamagishi, H. Blanchard (2002). Aging of stored rice:
Shinmoto and K. Yamaki (2004). Changes in chemical and physical
Comparison of mineral contents in 8 attributes, J. of Cereal Sci., 34: 65-78.

rad il radd) 35 A slsiSilly Ayilasl 5 Aamlal) (alsil) an

rya dana A ¢ Ul daal deaa ¢ ) A e Jae

e vyl Ao 3l Gl 3850 L2V L gl iS5 iy g

sl padlall
O e lial Ayl A eiSills A slanSly dprgadall ciliall A al) Cangs Ayl s2a Cugyal

(radl Gaanly — 178 83 — 25u¥) = (2alll ) a5 (gpadll

ol La il cyedily

OV Gases ) sy iall L @y ¥y (Al 5,00 dpmgdal) Galsal) (8 Cbaa) dlia ol any e
el Canall S Lai (gapall 8 Galia¥) Jily Jolall b Calia) S5 g peadl) Cpanly Caiall
A Bl gy b GluaYl SS)

fasi o) (g padll Gaanly Catall dac) 28 Al aua s Cilal) (p qapall il 8 DA any
¥l Bl e Sl 55Y1s Aelud) Cosandl (e A J8ly ) suSall igaad) (g

63



Abd El-Sattar, et al.,

3 Y Oy sdad) ¥ o Lt el el an ) 5O edall oL el o Lall dually
byl 8l 355 A8 40 Jss ehall 558 Joka) @yaind ) giall

caiall b (g )sddall Y1 s (8 dall A a8 Cadlial

Dsdall 50U (golal) L) af CwilSy ranally Heddall V) gl Gl LN a8 & GUDLA) Laa )
coany) 5 e 8

sial 4 ¢ Glal) JS o asilal) sylha Ao lAS, dall (58 dan Aol radl) Caiall el
skl A Qa1 e

sl Alainds sla¥) e dalle A ellial 251 5,Y)

O At Jl5 QAN GLITL alapl) . () aldiall e A el e 25N 5V (g5l
Gl il 455Edl il g <))

oalaidly 2Ll gl (e o) s e gytial Gl JSI il V) of gl ey ekl
A1 V) Ols o) 55V As)le AN culya s )SH (e JB) A 5 aladl LI alaylly (580
Gl il 455 galad) e o) s e sl

64



