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ABSTRACT

Traditional rice possesses many useful traits that can be used in rice breeding
programmes. This study was carried out to determine the cooking properties
of Sabah traditional rice. A total of 111 Sabah traditional rice germplasm were
collected from local rice farmers in Tuaran and Kota Belud districts during the
period of December 2012 to January 2013. The cooking properties studied were
elongation, elongation index, width expansion, volume expansion, water uptake
and solid loss. A total of 10 whole rice grains per germplasm were selected
and measured for length, width, volume and weight. The results revealed that
the mean elongation, elongation index, width expansion, volume expansion,
water uptake and solid were 1.78 (0.01), 1.28 (0.01), 0.39 (0.01), 326.37% (6.2),
216.86% (2.12) and 0.04 (0.001), respectively. In general, there was significant
correlation between the cooking properties, except between solid loss and
elongation, elongation index and width expansion; and between elongation
index, water uptake and volume expansion. All significant correlation coefficients
had positive directional, except width expansion and elongation and elongation
index. This means the larger the elongation the smaller the width expansion.
This condition can also be observed in basmati. The information obtained from
this study will aid in the improvement of crops through breeding programmes.

Keywords: Cooking properties, Elongation, Water uptake, Volume expansion,
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INTRODUCTION
Rice (Oryza sativa L.) is one of the staple foods for Malaysians. Therefore the
Malaysian government aims to be 100% self-sufficient in providing rice to
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Malaysians. However, to date, Malaysia has only achieved 60% self-sufficiency.
The value is lower in Sabah with only 30% self-sufficiency because 42,496 ha of
land planted with rice produced 85422 t ha of rice (DOA, 2012). The largest
contribution was from Kota Belud district (24.4%), followed by Kota Marudu
district (15.2%) then Tenom district (9.4%).

Most of the areas in Kota Belud and Kota Marudu districts are planted with
modern varieties. These varieties were produced by Malaysian Agriculture
Research and Development Institute (MARDI) and/or Agriculture Research
Centre (ARC, Sabah Agriculture Department). Besides high yield, they were
designed to suit local preferences such as less amylose content, intermediate
gelatinisation temperature, soft gel consistency and greater rice head content
(fewer broken) (Unnevehr et al., 1992; Wong et al., 1992). Unnevehr et al.
(1992) and Wong et al. (1992) reported that West Malaysians pay a premium for
imported intermediate amylose content from Thailand and longer, slender rice.
Wong et al. (1992) also reported that price has highly significant correlation
with whiteness, chalkiness, rice head, length, shape, damaged grains, amylose
content and gel consistency. Despite the above, there have been limited studies
on cooking properties, especially for east Malaysians.

This study was carried out to determine the cooking properties preferred by
local people. This knowledge will help researchers to tailor new rice varieties
to local needs (quality and quantity) besides reducing the poverty among
Malaysian farmers.

MATERIALS AND METHODS

A total of 111 Sabah cultivated rice samples were procured from farmers of
Tuaran and Kota Belud districts from December 2012 to January 2013. The
grains were air-dried before analysis was carried out. The grains were then de-
hulled and polished using rice polishing machine (LTIM-18, China).

The procedure to determine the kernel elongation, water uptake, volume
expansion, and solid loss ratios was carried out as suggested by Ge et al. (2005),
with modifications as stated below. A total of 10 whole milled rice kernels were
selected. The selected rice grains were aligned end to end on graph paper with
the aid of a ruler to measure their length (UGL) and width (UGW). The length
was measured at the longest part and the width was measured at the widest
part. The weight (UGWe) of 10 rice grains was recorded with the aid of sensitive,
electronic, analytical balance to four decimals (Sartorius, Model BT 224 S). A
volume of water was added to a 5 ml cylinder and was recorded as Y. Y, was
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recorded as the volume of water after adding the 10 selected rice grains. The
volume (UGV) is denoted by Y — Y.

Then, the selected rice grains were soaked in 4 ml distilled water for 30 minin a
50 ml test tube. A total 30 min of soaking time was necessary to ensure that the
rice kernels absorbed water well before cooking. After that, the test tube mouth
was covered with aluminium foil (Dela Cruz and Khush, 2000) and was placed in
a water bath (Lab Companion, Model BS-06/31, manufacture by Jeio Tech, Inc.),
which temperature was set at 100°C (~98°C; Shahidullah et al., 2009), for 10 min
(8 =9 min; Hossain et al., 2009b). The test tube was then moved from the water
bath to an ice bath and cooled for 5 min (Yadav and Jindal, 2007). This is to
prevent the rice kernels from continuing to cook outside the boiling water bath.

The cooked rice kernels were then transferred to filter paper before transferred
to a petridish. The rice kernels were blotted gently with a paper towel to remove
excessive water on the surface. The cooked rice grains were then measured
for length (CGL), width (CGW), weight (CGWe) and volume (CGV) as described
above.

The gruel (residue of cooking water) was then poured into a 25 or 50 ml beaker.
The test tube was rinsed at least three times and the total volume was made
up to 20 ml. Before that, the empty beaker was weighed and the weight was
labelled as Z,. The residue was dried in an oven at 100°C overnight or until no
weight changed (completely dry; ~28 H). The dried beaker was weighed with
the same digital balance and the later weight was labelled Z . The solid loss was
denoted by mean weight of solid per mean weight of dry grain weight (Bello et
al., 2004)

RESULTS AND DISCUSSION

The results of this study showed that elongation of Sabah traditional rice ranged
from 1.49 to 2.05 with mean 1.78 (0.01; Table 1). Larger elongation ratio was
found in this study as compared to the findings by Singh et al. (2005), Hossain
et al. (2009b) and Shahidullah et al. (2009), which reported elongation ranged
from 1.29 to 1.50, 1.51 to 1.82, 1.3 to 1.9, respectively. Hossain et al. (2009a)
reported longer elongation ranging from 1.85 to 2.17. Basmati is well known for
its elongation up to 2-fold and minimum elongation ratio accepted by quality
standardis 1.73 (Singh et al., 2011). Dela Cruz and Khush (2000) reported that few
varieties could elongate up to 100%. The minimum quality standard of elongation
ratio accepted in the global trade is 1.70 (Singh et al., 2011). This indicated that
some of the Sabah traditional rice could be marketed internationally.
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Table 1Cooking properties studied in 111 varieties of Sabah Traditional rice

Cooking properties N Minimum Maximum Overall Mean Std. Error Std. Deviation
Elongation (1a) 111 1.49 2.05 1.78 0.01 0.10
Elongation (1b) 111 0.49 1.05 0.78 0.01 0.10
Elongation (1c) (%) 111 48.50 104.85 77.99 0.98 10.36
Elongation Index (El) 11 1.00 1.57 1.28 0.01 0.11
Width Expansion (WE) 111 0.19 0.58 0.39 0.01 0.06
Water Uptake (3a) 111 2.56 3.75 3.17 0.02 0.22
Water Uptake (3b) 11 1.56 2.75 217 0.02 0.22
Water Uptake (3c) (%) 11 156.11 274.73 216.86 2.12 22.36
Volume Expansion (5a) 111 2.64 6.00 4.26 0.06 0.65
Volume Expansion (5b) (%) 11 163.89 500.00 326.37 6.20 65.33
Solid Loss (SL) 111 0.03 0.07 0.04 0.001 0.01

The elongation index (1.00 — 1.57) found in this study is lower than the finding
(1.52 to 1.89) in Indian varieties by Yadav et al. (2007), but higher than the
finding (1.13) in Indica/Japonica hybrids by Hossain et al. (2009b). Singh et al.
(2005) and Yadav et al. (2007) reported wider and higher ranges of water uptake
ratio (2.89t0 4.63, 2.37 to 4.45, respectively) in Indian varieties while Hossain et
al. (2009a) and Oko et al. (2012) reported narrower and lower ranges of water
uptake (117% to 248%; 114 to 280%, respectively) in Indica/Japonica hybrids and
varieties of Ebonyi State, Nigeria, respectively. Sabah traditional rice germplasm
has water uptake ranges (2.56 to 3.75 or 256.1% to 374.7%) that fall between
these two groups. The value is fulfilling the minimum required quality standard
accepted in the global market (Singh et al., 2011). Hossain et al. (2009b) agreed
that higher water absorption is observed in short- and medium-grained USA
varieties than long grain types.

The volume expansion of Sabah traditional rice germplasm kernel (2.64 — 6.00)
is wider than the volume expansion of Bangladesh rice germplasm (3.6 — 4.5)
(Shahidullah et al., 2009). Sabah traditional rice germplasm has higher and wider
volume expansion (263.9% to 600%) compared to the Indica/Japonica hybrids
(Hossain et al., 2009b). The mean volume expansion of Sabah traditional rice
germplasm and Bangladesh rice varieties (Hossain et al., 2009b) (426.4%, 430.0%,
respectively) are 1.56-fold more than the mean volume expansion (274%) of
Indica/Japonica hybrids (Hossain et al., 2009b). Hossain et al. (2009a) agreed with
Zaman'’s study that volume expansion ranged ranging between 300 and 570% is
valuable for pasty appearance while lower volume expansion (175 — 275%) has
good cooking properties. It is observed that Sabahans like to make many kinds of
rice paste (Lompuka, Tinapung, Kombos, Sasad, Linobok, Loput-loput, Kuih Wajid,
etc.) during festivals such as weddings and Kaamatan (harvest festival).

Solid loss of Sabah traditional rice germplasm, which is between 0.028 and
0.068 (2.81% — 6.76%), is similar to the solid loss of Indian varieties reported by
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Yadav et al. (2007) (2.51% —5.20%) but narrower than those studied by Singh et
al. (2005) (1.88% — 8.53%) and Oko et al. (2012) (0.5% — 47.5%), respectively.

In general, there are significant correlation coefficients among the cooking
properties of Sabah traditional rice germplasm, except between elongation
index (El) and water uptake and volume expansion; and between solid loss and
elongation ratio, elongation index and width expansion (Table 2). The findings
are in agreement with those of Thomas et al. (2013). All significant correlation
coefficients are positive except correlation coefficients between width expansion
and elongation ratio and index. The bigger elongation ratio or index the larger
water uptake and volume expansion, but narrower width expansion. The finding
is in accordance with the results reported by Yadav et al. (2007) and Tian et al.
(2005). Nevertheless, theirs have much higher magnitude.

The solid loss will increase with the higher water uptake and volume expansion
(r=0.386, r=0.26, p<0.001, respectively). A similar finding was reported among
non-basmati varieties by Yadav et al. (2007) who explained that absorbed water
causes cell content to leach out easily during cooking and is due to the cell
content becoming rather loose. However, they testified in general, there is
significant negative correlation between solid loss and water uptake.

Table 2 Correlation coefficient among cooking properties of Sabah Traditional
rice germplasm

ER(la) ER(1b) ER(1c) EI WE WU (3a) WU (3b) WU (3c) VE(5a) VE(S5b)  SL
ER(1la) 1
ER(1b)  1.000** 1
ER(1c)  1.000%*  1.000%* 1

El 0.814** 0.814** 0.814** 1

WE -0.192* -0.192* -0.192* -0.716** 1

WU (3a) 0.511** 0.511** 0.511** 0.107 0.430** 1

WU (3b)  0.511** 0.511** 0.511** 0.107 0.430** 1.000** 1

WU (3¢c)  0.511** 0.511** 0.511** 0.107 0.430** 1.000** 1.000** 1

VE (5a) 0.309** 0.309** 0.309** 0.089 0.241* 0.602** 0.602** 0.602** 1

VE (5b) 0.309** 0.309** 0.309** 0.089 0.241* 0.602** 0.602** 0.602** 1.000** 1

SL 0.049 0.049 0.049 0.075 -0.099 0.386** 0.386** 0.386** 0.260** 0.260** 1

Notes: ER = elongation ratio; El = elongation index; WE = width expansion; WU = water uptake;
VE = volume expansion; SL = solid loss

Number in brackets indicates formula used.

* **indicate significant differences at the 0.05 and 0.01 probability levels, respectively.

CONCLUSION

Overall, the results showed that there were significant association between the
cooking properties and between elongation indexes, water uptake and volume
expansion. This may suggest the reason why the locals prefer cooked rice with
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larger elongation, narrower width expansion, moderate water uptake and larger
volume expansion.

ACKNOWLEDGEMENTS

This work was partially funded by the Malaysian Agro-Biotechnology Institute
(ABI), Malaysia through grant number GLO084. The authors would like to thanks
Mr Poloi Guntaban and family for assisting in sample collection.

REFERENCES

Bello, M., Tolaba, M. P. & Suarez, C. 2004. Factors affecting water uptake of rice
grain during soaking. Lebensm.-Wiss. u.-Technol, 37: 811-816

Dela Cruz, N. & Khush, G. S. 2000. Rice Grain Quality Evaluation Procedures. In:
Singh, R. K., Singh, U. S. & Khush, G. S. (eds.). Aromatic Rice. New Delhi:
Oxford and IBH Publishing Co. Pvt. Ltd. pp15-28.

DOA (Department of Agriculture). 2012. Report on crop hectareage and
production in Sabah 2010. Sabah Agriculture Department (2012/4).

Ge, X. ), Xing, Y. Z,, Xu, C. G. & He, Y. Q. 2005. QTL analysis of cooked rice grain
elongation, volume expansion, and water absorption using a recombinant
inbred population. Plant Breeding, 124: 121-126.

Hossain, M. F., Bhuiya, M. S. U., Ahmed, M. & Mian, M. H. 2009a. Effect of
Harvesting Time on the Milling and Physicochemical Properties of Aromatic
Rice. Thai Journal of Agricultural Science, 42 (2): 91-96.

Hossain, M. S., Singh, A. K. & Fasih-uz-Zaman. 2009b. Cooking and Eating
Characteristics of Some Newly lIdentified Inter Sub-Specific (indica/
japonica) Rice Hybrids. ScienceAsia, 35: 320—-325.

Juliano, B. O. & Perez, C. M. 1984. Results of a Collaborative Test on the
Measurement of Grain Elongation of Milled Rice During Cooking. Journal
of Cereal Science, 2: 281-292.

Oko A. O., Ubi B. E. & Dambaba N. 2012. Rice Cooking Quality and Physico-
Chemical Characteristics: a Comparative Analysis of Selected Local and
Newly Introduced Rice Varieties in Ebonyi State, Nigeria. Food and Public
Health, 2 (1): 43-49.

Osmat Azzam & Chancellor, Tim C. B. 2002. The Biology, Epidemiology, and
Management of Rice Tungro Disease in Asia. Plant Disease: An International
Journal of Applied Plant Pathology, 86 (2): 88—100.

Shahidullah, S. M., Hanafi, M. M., Ashrafuzzaman, M., Razi Ismail, M. & Khair,
A. 2009. Genetic diversity in grain quality and nutrition of aromatic rices.
African Journal of Biotechnology, 8 (7): 1238-1246.

Singh, D., Kumar, A., Sirohi, A., Kumar, P,, Singh, J., Kumar, V., Jindal, A., Kumar, S.,
Kumar, N., Kumar, V., Sharma, V., Gupta, S. & Chand, S. 2011. Improvement



Cooking Properties of Sabah Traditional Rice Germplasm 49

of Basmati Rice (Oryza sativa L.) using Traditional Breeding Technology
Supplemented with Molecular Markers. African Journal of Biotechnology,
10 (4): 499-506.

Singh, N., Kaur, L., Sodhi, N. S. & Sekhon, K. S. 2005. Physicochemical, cooking
and textural properties of milled rice from different Indian rice cultivars.
Food Chemistry, 89: 253-259.

Thomas, R., Wan-Nadiah, W. A. & Bhat, R. 2013. Physiochemical properties,
proximate composition, and cooking qualities of locally grown and imported
rice varieties marketed in Penang, Malaysia. International Food Research
Journal, 20 (3): 1345-1351.

Tian, R., Jiang, G. H., Shen, L. H., Wang, L. Q. & He, Y. Q. 2005. Mapping
guantitative trait loci underlying the cooking and eating quality of rice
using a DH population. Molecular Breeding, 15: 117-124.

Unnevehr, L. J., Duff, B. & Juliano, B. O. 1992. Consumer Demand for Rice Grain
Quality: Introduction and Major Findings. In: Unnevehr, L. J., Duff, B. &
Juliano, B. O. (eds.). Consumer Demand for Rice Grain Quality: Terminal
Report of IDRC Projects National Grain Quality (Asia) and International
Grain Quality Economics (Asia). Philippines: IRRI & IDRC.

Wong, L. C. Y, Husain, A. N., Ali, A. & Ithnin, B. 1992. Understanding Grain
Quality in the Malaysian Rice Industry. In: Unnevehr, L. J., Duff, B. & Juliano,
B. O. (eds.). Consumer Demand for Rice Grain Quality: Terminal Report of
IDRC Projects National Grain Quality (Asia) and International Grain Quality
Economics (Asia). Philippines: IRRI & IDRC.

Yaday, B. K. & Jindal, V. K. 2007. Water Uptake and Solid Loss during Cooking of
Milled Rice (Oryza sativa L.) in Relation to Its Physicochemical Properties.
Journal of Food Engineering, 80: 46—54.

Yaday, R. B., Khatkar, B. S. & Yadav, B. S. 2007. Morphological, physicochemical
and cooking properties of some Indian rice (Oryza sativa L.) cultivars.
Journal of Agricultural Technology, 203-210.



