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Abstract

Different rice (Oryza sativa L.) varieties
have performed differently. This research was aimed
to study the physical and chemical properties before
and after cooking of five rice varieties; Khao Dawk
Malil05  (KDML105), Chai Natl  (CNI),
Phitsanulok2 (PL2), Pathumthanil (PTT1) and RD6
in order to obtain the basic data for its effective
utilizations. Among the varieties, grain length and
breadth ranged from 6.93-7.52 mm and 2.06-2.24
mm, respectively. The highest length-breadth ratio
was found in PL2 while the lowest was found in RD6.
Moisture content of varieties ranged from 10.90-
12.62% where KDML 105 and RD6 had significantly
higher (P<0.05) moisture content than other varieties.
Amylose content ranged from 7.00 - 33.40%. PL2 had
the highest (P<0.05) amylose content whereas RD6
had the lowest (P<0.05). The alkali spreading values
ranged from 4.45-6.64 and protein content from 7.20-
8.32% where RD6 had the highest (P<0.05) protein
content while KDML105 had the lowest (P<0.05).
Cooked rice had significantly lower (P<0.05) protein
content than uncooked rice. On the other hand, the
cooked rice had significantly higher (P<0.05)
lightness than the uncooked rice. CN1 and PL2 had
significantly longer (P<0.05) cooking time than that
of other varieties. PL2 had significantly higher
(P<0.05) volume expansion while KDML105 had
significantly lower (P<0.05). Percentage of grain
elongation of five rice varieties were not significantly
different (p>0.05). PT1 and CNI had significantly
higher (P<0.05) width expansion than that of PL2,
RD6, and KDM105. PL2 had significantly higher
(P<0.05) water uptake while RD6 had significantly
lower (P<0.05) than that of other varieties. CN1 and
PL2 had significantly higher (P<0.05) texture
properties than other varieties. Physical and chemical
properties of five rice varieties were significant
difference (P<0.05).
Keywords: rice (Oryza sativa L.), cooking, physical
properties, chemical properties, rice varieties

1. Introduction

Rice is one of the most important and
economical crop of Thailand. There are many
varieties of rice in Thailand. Different rice varicties
have  different  chemical  components  and
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physicochemical properties and these specific
properties of each variety make its suitable for
particular utilization. Therefore, this research was
aimed to study the physical, chemical and
physicochemical properties of Khao Dawk Malil05,
Chai Natl, Phitsanulok, Pathumthanil and RD6
before and after cooking in order to gather basic
information for application in quality improvement or
be more effectively utilization.

2. Materials and Methods
2.1 Materials

Khao Dawk Malil05 (KDML105) and RD6
paddies were obtained from Seed Extension Center 7,
Chiangmai whereas Chainatl (CNI1) paddy was
obtained from rice paddy shop, Phitsanulok.
Phitsanulok2 (PL2) and Pratumtanil (PT1) paddies
were kindly supported by Phitsanulok Rice Research
Center. All paddies were milled separately before
further analysis.

2.2 Methods
2.2.1 Physicochemical properties
2.2.1.1 The length-breadth ratio (L/B)

The length-breadth ratio was determined
according to a modified method of Dipti, et al. [1] by
dividing cumulative length of 100 kernels by the
cumulative breadth of 100 kernels. The average of
triplicate was reported.

2.2.1.2 Volume expansion

The volume expansion was determined
according to the procedures of Gujral and Kumar [2].
The volume expansion after cooking was determined
using the following formula:

Vss B
Volume expansion (%) = X 100

Ve

Where V- and V7 are volume of cooked rice (ml) and
uncooked rice (mb respectively.

2.2.1.3 Grain elongation, width expansion, cooking
time and water up take.

The length-breadth ratio was determined
according to a modified method of Hardeep and
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Vishal [3] by dividing cumulative length of 10 kernels
by the cumulative breadth of ten kernels. The average
of five replication was reported. Whole rice kernels
were taken in a test tube containing 20 ml of warm
distilled water. The test tube was immersed in a
boiling water bath and after 10 min of cooking a rice
kernel was taken out after every 30 s and pressed
between two microscope glass slides. The appearance
of a chalky core indicated uncooked sample. The time
(minutes) at which rice showed no chalky core was
reported as cooking time. Elongation after cooking
was determined using the following formula:

X -1
Elongation (%) = %X 100

Y

Where X; and Y, are the cumulative length of 10
cooked and uncooked kernels, respectively. Width
expansion after cooking was determined using the
following formula:

Xw—Yw
Width expansion (%) = X 100

Yw

Where Xy and Yy are the cumulative width of 10
cooked and uncooked kernels, respectively. The water
up take was determined using the following formula:
X 100

Water uptake (%) = We-Wye

Wuc

Where Wy and Wye is weight of 50 cooked and
uncooked kernels, respectively.

2.2.1.4 Color analysis

The color of milled and cooked rice was
determined using the Hunter color System (Hunter
Lab Model DP9000) by recording values in CIE
system. L* (Lightness), a* (Redness), and b*
(Yellowness) values were measured before and after
cooking of rice in triplicate.

2.2.2. Chemical properties
2.2.2.1 Amylose content

Amylose content of the powder samples from
difference varieties was determined using the
modified method of Juliano [4].

2.2.2.2 Protein content

Protein content was calculated from nitrogen
and was determined using the kjedahl method from
AOAC [5].

2.2.2.3 Moisture content

Moisture content of grain rice was determined
using the method A.O.A.C.1990: Gravimetric method
925.10 AOAC [5].
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2.2.2.4 Alkali spreading value

Alkali spreading value was determined
according to the procedure of Department of
Agriculture [6].

2.3 Texture properties

Preparation of rice for texture properties was
carried out according to the modified method of
Naiwigul [7]. 100 g of milled rice and 170 mL
distilled water were placed in an automatic rice
cooker (SHARP Model RSH-106) and the rice cooker
was switched on. The texture properties of cooked

rice were determined according to the modified
method of Leelayuthsoontorn and Thipayarat [8],
Mohapatra and Bal [9], Singh, et al. [10] and Zhou, et
al. [11]. Cooked rice was subjected to texture profile
analysis (TPA), Texture analyzer (Brookfield Model
QTS25) with a 25 kg load cell using a two-cycle
compression. A stainless steel (SS) cylinder having
diameter 40 mm was used to conduct the back
extrusion test. Cooked rice sample (15 g) were cooled
to 25 °C. A SS cylinder plunger with flat base had
diameter of 38 mm. The test was carried out with 25
kg load cell at a test speed of 60 mm/min.

3. Results and discussion
3.1 Physical and chemical properties of five rice
varieties before cooking

Five rice varieties: KDML105, RD6, PT1, CN1
and PL2 had length-breadth ratio of 3.56, 3.09, 3.62,
3.61 and 3.65 respectively (Tablel). The length-
breadth ratio of RD6 was significantly lower (p<0.05)
than that of other varieties. The lightness (L* value)
of RD6 was significantly higher (p<0.05) than that of
other varieties where as KDML105 had L* value
lower than that of other varieties significantly
(p<0.05). The redness (a* value) of KDMLI105, PL2
and CN1 were not significantly different (p>0.05) but
significantly higher (p<0.05) than that of RD6 and
PT1. The yellowness (b* value) of five rice varieties
were not significantly different (p>0.05) (Tablel).

The chemical composition of five rice varieties
showed significant difference (p<0.05. The moisture
content of KDML105 and RD6 were not significantly
different (p>0.05) but significantly higher than that of
PT1, CNI and PL2. The amylose content of five rice
varieties showed significant difference (p<0.05). PL2
had significantly higher (p<0.05) than that of other
varieties, following by CNI1, KDMLI105, PTl and
RD6, respectively. Juliano [12] reported that rice that
classified as very low amylose content (waxy rice)
has amylose content (dry weight) 0-2%, low amylose
content has 9-20%, intermediate amylose content has
20-25% and high amylose content has >25%.
Therefore, RD6 (7.0%) PT1 (16.0%) and KDML105
(16.8%) were classified into low amylose group while
CN1 (30.4%) and PL2 (33.4%) were classified into
high amylose group.
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Table 1. Physical and chemical properties of five rice varieties before cooking.*

I Varieties
Craliy KDML105 RDG6 PTI CNI PL2
Physical properties
Length (mm) 7.40+0.03b 6.93+0.02c 736+0.02b 7.52+0.04ab 7.73 + 0.38a
Breadth (mm) 2.08+0.16bc 224+00la 206+005c 2.09+0.00bc 2.12+0.00b
Length/Breadth 3.56 £0.02a 3.09+0.01b 3.62+0.03a 3.61+0.03a 3.65+0.17a
Color
> 73.14+0.04d 80.73 £0.08a 74.05+0.07c 74.17+0.04c 75.41+0.04b
a* 1.53+0.13a  034+004c 126+0.15b 1.52+0.06a 1.57+0.11a
b 18.61+0.13 1750 +0.16 16.55+0.07 16.52+0.15 16.77+0.06
Chemical properties
Moisture (%) 12.62+0.12a 12.60 £0.05a 10.90+0.07c 10.90+0.05¢ 11.62+0.13b
Amylose (%) 16.80 £ 0.10c  7.00 +£0.10d 16.00+0.10c 30.50+0.11b 33.40 + 0.10a
Protein (%) - 720+0.32c 832+0.12a 7.85+0.07b 7.47+0.00bc 7.64 +0.15bc
Alkali spreading value  6.64 +0.14a  6.20+0.18a 6.47+0.32a 445+020b 6.25+0.50a

*Mean values and standard deviation of triplicate. Mean values followed by the same letter in the row are not
significantly different (p>0.05)
"™ = not significantly different (p>0.05)

Table 2. Physical and chemical properties of five rice varieties after cooking. *

i Varieties
2ualipy KDML105 RD6 PT1 CNI PL2
Physical properties
Cooking time (min) 13.00 + 0.50b 14.30 + 0.50b 14.00 + 0.50b 18.00 + 0.50a 19.00 + 0.50a
Volume expansion (%) 330.95 + 2.56¢ 404.85 + 4.34b 381.29 + 1.80b 406.47 +2.45b 44045+ 2.3a
Grain elongation (%) "™ 34.00+3.73 337181283 36.64 +0.42 31.69 + 1.12 3944 +4.71
Width expansion (%) 38.31 + 2.70b 2249+ 1.56c 4849+ 132a 4775+ 1.19a 34.62 + 2.47b

Water up takes (%) 196.56 + 2.52¢ 179.58 + 1.22d 20693+ 1.53bc  218.28 +1.93b 230.71 + 2.54a
Color
L.* 77.49+ 0.23b 76.49 + 0.47¢ 77.59+ 0.50b 7747 + 0.64b 79.60+ 0.30a
a* "™ -0.54 + 0.09 -0.71 + 0.06 -0.88 +0.07 -0.47 +0.04 -0.55+0.03
b* 9.22 +0.30b 1257+ 0.27a 9.37+0.23b 8.60 +0.41c 8.39+ 0.25¢

Texture properties
Hardness (g)

787.00 + 72.12bc

698.50 +33.23¢

857.00 + 53.03b

1628.00+ 21.92a

1669.50 + 7.78a

Gumminess (g) 281.66 + 60.87b 256.39 + 1.96b 28470 +4.42b 74522+ 11.20a 785.54 + 39.24a

Adhesiveness (gs) -72.00+ 15.54b -159.17+10.85¢  -81.06 + 0.50b -7.80 + 0.06a -2.44 +3.23a

Cohesiveness 0.36 +£ 0.05b 0.37+ 0.02b 0.33+£0.01b 0.46 + 0.00a 0.47 + 0.03a

Chewiness (gmm) 1082.82 +296.25b  1017.79 + 77.15b  865.71 +41.61b  3357.24+55.73a 3667.19 + 288.60a

Springiness (mm) 3.82 +0.23b 3.97 + 0.28b 3.04 +0.10c 4.51+0.0la 4.67+0.13a
Chemical properties

Protein (%) 3.03 + 0.08c 3.08 + 0.03bc 291+0.11c 3.38 +0.04a 3.26+ 0.07ab

*Mean values and standard deviation of triplicate. Mean values followed by the same letter in the row are not
significantly different (p>0.05)
" = not significantly different (p>0.05)

RD6 had significantly higher (p<0.05) protein
content (8.32%) than other varieties (Table 1).
The protein content of PT1, CN1 and PL2 were not
significantly different (p>0.05). These results were
consistent with that of Dipti, et al. [1]. They reported
that the protein content of Superfast, Basmati 4488,
Khazar, Basmati PNR, Badshabhog and BRRI dhan
28 rices were 6.9-8.6%. The alkali spreading value of
CNI (4.45) was significantly lower (p<0.05) than that
of other varieties.
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3.2 Physical and chemical properties of five rice
varieties after cooking

The cooking time of CN1 (18.00 min) and PL2
(19.00 min) were significantly longer (p<0.05) than
that of other varieties (Table 2). The cooking time of
KDM105 (13.00 min), RD6 (14.30 min), PT1 (14.0
min) were not significantly different (P>0.05). The
percentage of volume expansion of PL2 was
significantly higher (p<0.05) than that of other
varieties, following by CNI1, RD6 PTI, and
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KDMLI105, respectively. The percentage of grain
elongation of five rice varieties were not significantly
different (p>0.05) (Table 2). The percentage of width
expansion of PT1 and CN1 were significantly higher
(p<0.05) than that of other varieties whereas that of
RD6 was significantly lower (p<0.05) than that of
other varieties. The percentage of water uptake of PL2
was significantly higher (p<0.05) than that of CNI,
PT1, KDML10S5 and RD6. The L* value of PL2 was
significantly higher (p<0.05) than that of other

. varieties whereas RD6 had significantly lower
(p<0.05) L* value than that of other varieties. The
protein content of CNI and PL2 were not
significantly different (p>0.05) but were significantly
higher (p<0.05) than that of RD6, KDML105 and
PT1.

3.3 Texture properties of five varieties after
cooking.

All the texture properties of CN1 and PL2 were
significantly higher (p<0.05) than that of KDML105,
PT1 and RD6 (Table 2). This was mainly due to these
two varieties composed of high amylose content.
While CN1 and PL2 had significantly higher (p<0.05)
hardness, KDML105 and RD6 had significantly lower
(p<0.05). The gumminess, cohesiveness and
chewiness of CN1 and PL2 were significantly higher
(»<0.05) than that of other varieties whereas that of
RD6, KDMLI105 and PT1 were not significantly
different (p>0.05). While CN1 and PL2 had
significantly higher (p<0.05) adhesiveness than that of
other varieties, RD6 had significantly lower (p<0.05).
In addition, CN1 and PL2 had significantly higher
(p<0.05) springiness than that of other varieties while
PT1 had significantly lower (p<0.05).

5. Conclusions

KDM105, RD6 and PT1 were classified into
low amylose content group whereas CN1 and PL2
were classified into high amylose content group
which had a longer time in cooking and had harder
texture than that of RD6, PT1 and KDML105.
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dxiinemamwuaziaiinasinadaumt wazRealan2 Ansunudiadyasiit uaznue nauvany
Physical and Chemical Properties of Chainat1 and Pitsanulok2 Rice after Mixing with Patumthani1 and

RD6 Rice Before Cooking

s ° 1 - 1 v s 1 < o a1
AN AEA ARING AR3Ing AN dasnin' uay indanmas Ranenyasa

Khomphon, P, Chittrakorn, SA’, Noitup, p.' and Singanusong, R.

Abstract

Different rice varieties have different amylose content which can influent the softness, hardness and stickiness
of cooked rice. This research was aimed to study the physical and chemical properties before cooking of
Chainat1 and Pitsanulok?2 rice after mixing at different ratio with Patumthani1 and RD6 rice. Physical properties
examined including length, breadth, length-breadth ratio and color value. Chemical properties tested were
moisture, amyloée and protein content. It was found that as the mixing ratio of Patumthani1 and RD6 rice
increased, the length of mixed rice decreased significantly (P<0.05). The length of mixed rice was ranged 7.21-
7.51 mm. The length-breadth ratio of mixed rice was ranged 3.31-3.64 which was classified into long grain rice.
The mixed rice had 6.91-7.78% protein content and 14.66-28.67% amylose content. As the mixing ratio of
Patumthani1 and RD6 rice increased, amylose content gradually decreased (P<0.05), with the ratio of 50:50
showed the lowest amylose content. The moisture content of mixed rice was ranged 10.55-12.31%, which
conformed to a standard level for rice grain. The L* value of Pitsanulok2 and Chainat1 that mixed with RD6 rice
was significantly higher (P<0.05) than that of Patumthani1. The a* value of mixed rice was inversely to the L* and
b* values. Therefore, type and ratio of rice for mixing affected the physical angd chemical properties before
cooking of mixed rice.

Keywords: rice, amylose, protein, mixing ratio
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Table 1 Length, breadth and lightness of rice after mixing in vary ratio before cooking.

ratio Pitsanulok 2 : Patumthani 1 Pitsanulok 2 : RD 6 Chainat 1 : Patumthani 1 Chainat 1 : RD 6
length (mm.)

90:10 7.48"" + 0.01 7.45"™ +0.02 751" + 0.03 7.46%™ +0.03
80: 20 7.47"%+0.02 7.40>7 + 0.01 7.50™% + 0.02 7.41%Y + 0.01
70: 30 7.45%%+0.02 7.34%7 + 0.01 7.46™% +0.02 7.33°°7 + 0.04
60:40  7.46™ 7 +0.01 7.25%Y+0.03 7.45°% + 0.02 7.28°"Y + 0.03
50:50  7.42°7+0.01 7.22%7 + 0.01 7.43°7 +0.01 7.21%Y +0.03
breadth (mm.)

90: 10 2.11%7+0.00 2.14°%+0.00 2.08™+0.00 2117+ 0.00
80:20  2.10™+0.00 2.15%%+ 0.00 2.09""+ 0.01 2.12°%+ 0.01
Bl 30 0 £ Bnilb o0 2.16™"°+ 0.00 2113 + 093 214" +0.00
60 : 40 2.09"+0.00 2.18"°+ 0.01 2.07™+0.01 2.16"°+ 0.01
50 : 50 2.08”Y+ 0.00 2.19"°+ 0.01 2.07"7+0.03 2177+ 0.01

Ligntness (L*)

90: 10 7515 + 0.08 75.83" %+ 0.04 73.71%*+0.03 73.67%"+ 0.05
80:20  74.84%7+0.04 76.39%%+ 0.09 73.58”+ 0.14 73.54%*+ 0.10
70:30 75.00™ 7+ 0.06 76.84" %+ 0.08 73.63" %+ 0.02 7478+ 0.15
60 : 40 74.92° "+ 0.04 77.03"%+0.19 73.85"" + 0.02 75.40°7 + 0.09
50: 50 74.81%7+ 0.02 78.13"°+ 0.08 73.73" +0.07 76.51*Y+0.11

o da o o o o o - o N o ' o . v o o

a - d = sszidmanesinuiniuisaaufBoluas AN F Uz IANANIuBENTBAATY (0 < 0.05)
. JWE % . . J e

z - w = famnimsnssmiusiuluenmsoiuluiEas AnsnE Mz uanFniuetTisd A (o < 0.05)

ns = biuansnaiuluwraspudneuzstiiaiiiodii (o < 0.05)

L* A1 100 = 119; 0 = /1

Table 2 Protein content and amylase content of rice after mixing in vary ratio before cooking.

ratio

Pitsanulok 2 : Patumthani 1

Pitsanulok 2 : RD 6

Chainat 1 : Patumthani 1

Chainat 1: RD 6

protein content (%)

90:10 7.78"°+ 0.07 7.59" %+ 0.05 7.06™7+ 0.08 7.26™7+0.06
80: 20 7.57" %+ 0.04 7317+ 0.07 7.16™ "+ 0.04 6.91°"+0.13
70:30 7.45"%+ 0.01 7.037+ 0.06 6.93"+0.10 7.26a”+0.13
60 : 40 7.28°™ +0.13 717%™+ 0.06 717"+ 0.05 7.22°"+ 017
50:50 7.06"7+0.14 767"+ 0.11 7.20™7+0.18 7.50"+0.10

amylase content (%)

90:10 28.50" "+ 0.50 26.50™ "+ 0.50 28.67"%+ 0.29 2417+ 0.29
80: 20 27.50" %+ 0.29 23.00”*+ 0.00 26.33"7+0.17 23177+ 0.17
70:30 25.00"%+ 0.58 21507+ 0.23 25.33%%*+ 0.33 21.67°7+0.17
60 : 40 24.00”*+ 0.58 18.00%* + 0.00 22.00“" +0.00 17.00%"+ 0.00
50: 50 22.00° + 0.58 15.83" 7+ 0.44 20.83%%+ 0.17 14.66%"+ 0.17

a- ¢ = AwwnnmsnesmiusaiuluanusinsaiuluusarasflszneuunnaeTuadg wihied Aty (P<0.05)
7 - x = famnnaaanesAumsiuluwno @i luwsa e sflssnauusnftaiuadaidedfty (P<0.05)
ns = bluanAniuluusazesilsznauad widodAty (P<0.05)
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