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ABSTRACT

This research aims to study the variation of purple glutinous rice varieties in terms of
development, yield and total phenolic content of rice grain. In addition, the relationship between
them was also determined. Hierarchical cluster analysis by average linkage method was used to
sort varieties of rice on the basis of association of their grain yield and total phenolic content in
grain. Twenty four varieties of native purple glutinous rice were grown under randomized com-
plete block design with 3 replications. Phenological development namely heading and maturity
date were recorded. Yield and yield components were collected at maturity. Samples of brown
rice grains were analyzed to determine the amount of total phenolic content. Analysis results
showed that among 24 varieties of native purple glutinous rice, growing degree days required
from planting to heading was 1359-1657 degree Celsius (82-100 days). Grain yield ranged from
1.4-4.7 t/ha. The amount of total phenolic content in grains ranged from 128-735 mg/ml GAE
per gram of brown rice grain. It was found that grain yield was positively correlated with 1,000
- grain weight at significant level P<0.05 and negatively correlated with number of sterile grains
per panicle at significant level P<0.01. Results indicated that early maturing varieties tended to
take longer period of time for grain filling duration. Moreover, late maturing varieties produced
longer panicle length than those of early maturing varieties. Total phenolic contents were found
positively correlated with panicle length at significant level P<0.01. The cluster analysis result
showed that purple glutinous rice varieties can be classified into four major clusters according to
their grain yield and total phenolic content in grain. Analysis of results suggested that native purple
glutinous rice varieties used in this study shown potential as genetic sources for rice improvement
in order to breed a variety with satisfactory yield as well as high antioxidant in grain.
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INTRODUCTION

Purple glutinous rice is commonly known as "Kao Kum" or black sticky rice in the northern
region of Thailand. Its name comes from the sticky shiny purple colored texture of the brown rice.
The grain normally has a deep black color and turns deep purple when cooked. The dark purple
color of brown rice is primarily due to its high mixture of anthocyanins content which is located
in the aleurone layer (Hu et al., 2003). The mixture of anthocyanins are naturally occurring as
compounds that belong to phenolic group. Phenolic compounds are considered as one of the main
classes of secondary metabolites in plants (Van Sumere, 1989). They are involved in the growth
and reproduction of plants as well as in the pigmentation of plants.

Black rice bran extract contains antioxidative and radical scavenging properties which include
the properties to provide prevention of various disease associated with oxidative stress such as
cancer (Nam and Kang, 1997; Nam and Kang, 1998; Chen et al., 2006) and cardiovascular disease
(Jerzy et al., 2003). It was also reported that pigmented rice varieties have the potential to promote
human health because they contain antioxidative compounds that have the ability to suppress reac-
tive cell-damaging free radicals (Acquaviva et al., 2003; Adom and Liu, 2002; Choi et al., 1996;
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Hu et al., 2003; Hyun and Chung, 2004; Ichikawa et al., 2001; Lee et al., 2003; Oki et al., 2002;
Parrado et al., 2003; Toyokuni et al., 2002).

There are many purple glutinous rice varieties grown in north and north eastern Thailand of
which are local varieties. Even though the purple glutinous rice is becoming popular among those
who concern on healthy food product due to its sweet flavor and high antioxidant content in grain.
However, Thai farmers do not grow purple glutinous rice in large areas but they normally grow
it in small paddy. This is because grain yield per area of purple glutinous rice is quite low as it
contains characteristics of native rice and is photo period sensitive. As such, fewer farmers would
decide to grow purple glutinous rice each year. This potentially results in loss of genetic diversity
of purple glutinous rice varieties. This research intended to collect various purple glutinous rice
varieties grown under upland environment and study the variation of purple glutinous rice in terms
of some agronomic characteristics and total phenolic content of its brown rice. In addition, the
relationship between them was also determined. Hierarchical cluster analysis by average linkage
method was used to sort varieties of rice on the basis of association of their grain yield and total
phenolic content in grain. Results from this study can be used as information for varietal selection
as well as providing valuable data for rice breeders. Furthermore, it can provide understanding of
growth and development for constructing the mechanistic model of purple glutinous rice which can
be further use as a decision support tool for selecting variety and optimum growing conditions.

MATERIALS AND METHODS

Twenty four varieties of purple glutinous rice (Table 1) were selected for this study. Each
variety was planted in 3 x 5 m experimental plots with 0.30 x 0.25 m plant spacing at upland
field experiment of Lamphun College of Agriculture and Technology, Mae Tha district, Lamphun
province. Design of the experiment was randomized complete block design with 3 replications.
After planting, phenological stages which include heading and physiological maturity stages was
observed. Daily temperature were recorded using automatic weather recorder (HOBO Pro series,
Onset Computer Corporation) setting at hourly time intervals. Growing degree days was calculated
using daily temperatures as following equation (McMaster and Wilhelm, 1997) :

_ (Tmax + Tmin)

GDD T,

base

Where

T nax 18 the daily maximum air temperature. T, is set equal to 30°C when greater than upper
threshold temperatures. The upper threshold temperature equal to 30°C for rice.

Tmin 18 the daily minimum air temperature. T,;, is set equal to Ty, if less than Ty,

Tyase 18 the temperature which is the temperature below which plant growth is zero. The base
temperature used for rice was 10°C.

The observed phenological data are used to construct the mathematical relationship with
growing degree days. Agronomic characteristics included plant height, panicle length, grain yield
and yield components i.e. number of panicle per hill, number of grain per panicle and 1,000-grain
weight were recorded.
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Table 1. Purple glutinous rice varieties used in this study.

No. Variety name Source

1 MHS 1 Mae Hong Son province

2 Chiang Saen Chiang Saen district, Chiang Rai province

3 PGMHS 3 Mae Hong Son Rice Research Center

4 PGMHS 5 Mae Hong Son Rice Research Center

5 PGMHS 6 Mae Hong Son Rice Research Center

6 PGMHS 7 Mae Hong Son Rice Research Center

7 PGMHS 8 Mae Hong Son Rice Research Center

8 PGMHS 9 Mae Hong Son Rice Research Center

9 PGMHS 10 Mae Hong Son Rice Research Center

10 PGMHS 11 Mae Hong Son Rice Research Center

11 PGMHS 12 Mae Hong Son Rice Research Center

12 PGMHS 13 Mae Hong Son Rice Research Center

13 PGMHS 14 Mae Hong Son Rice Research Center

14 PGMHS 15 Mae Hong Son Rice Research Center

15 PGMHS 16 Mae Hong Son Rice Research Center

16 PGMHS 17 Mae Hong Son Rice Research Center

17 PGMHS 18 Mae Hong Son Rice Research Center

18 Samoeng No.1 Samoeng Rice Research Center, Chiang Mai
19 Samoeng No.2 Samoeng Rice Research Center, Chiang Mai
20 Samoeng No.3 Samoeng Rice Research Center, Chiang Mai
21 Samoeng No.4 Samoeng Rice Research Center, Chiang Mai
22 Samoeng No.7 Samoeng Rice Research Center, Chiang Mai
23 Samoeng No.8 Samoeng Rice Research Center, Chiang Mai
24 Nong Khao 2 Mae Hong Son province

Determination of total phenolic content

Total phenolic content of dehulled rice grain namely brown rice extract were analyzed by
the spectrophotometric method using Folin-Ciocalteu’s phenol reagent and expressed as gallic acid
equivalents (GAE) milligrams per gram of brown rice grain. (Osawa and Namiki, 1981).

Statistical Analysis

Experimental data were analyzed with Statistix software version 9.0 (Analytical Software,
Tallahassee FL). Differences of agronomic characteristic data including yield, yield components,
total phenolic content and antioxidant activity among varieties was analyzed using descriptive
statistics. Regression analysis was utilized for analysis of the relationship between phenological
stages and some agronomic characteristics. Pearson’s correlation coefficients were computed to
establish relationships between agronomic characteristics, yield, yield components and total phenolic
content. Since grain yield and total phenolic content represent economic value and grain quality,
hierarchical cluster analysis by the average linkage method was used to group purple glutinous
rice varieties into clusters on the basis of both factors. SAS software version 9.0 (SAS Software
Institute, Cary, NC) was used as analytical tool for performing the cluster analysis.

RESULTS AND DISCUSSION

Field observation showed that the growing degree days requirement from planting to heading
ranges from 1359 to 1657 degree Celsius, while the requirement from planting to maturity ranges
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between 2070 to 2262 degree Celsius (Table 2). It was found that PGMHS 12 required least grow-
ing degree days and Samoeng No.7 required greatest growing degree days from planting to head-
ing. Since rice varieties in this study are all photoperiod sensitive, thus variation in phenological
development depended on growing degree days (Summerfield et al., 1992; Kropff et al., 1993;
Dingkuhn, 1995). The variation in degree days requirement from planting to heading indicated that
photoperiod response occurred during photoperiod sensitive phase (PSP) in which rice responds
to both photoperiod and temperature (Nakagawa and Horie, 1995). Analysis of results showed
that there was a negative relationship between growing degree days required from planting to
heading and panicle development (heading to maturity) (Figure 1). This analysis pointed out that
rice variety which has shorter heading stage tended to have longer panicle development or grain
filling period. Similarly rice varieties that required shorter degree days for heading tended to have
longer panicle length and greater grain weight (Figure 2 and 3). This analysis indicated that longer
panicle and larger grain reflected a larger sink which could accumulate photosyntate from source
(leaf and stem) thus took longer period in panicle development. Yang et al. (2008) also pointed out
that grain weight on area basis was positively associated with grain filling duration. In this study
panicle length varied between 23.2 - 32.1 cm, and 1,000-grain weight varied between 29.10-42.33
g (Table 3).

Table 2. Growing degree days (°C) required from planting to heading and maturity.

Heading Maturity Panicle development

Variety name Days after GDD Days after GDD Days from heading | GDD
planting °C) planting (°C) to maturity (°C)

PGMHS 12 82 1359 126 2070 44 727
Samoeng No.2 83 1375 126 2070 43 711
PGMHS 11 84 1391 126 2070 42 694
PGMHS 14 84 1391 126 2070 42 694
Samoeng No.4 84 1391 133 2177 49 802
PGMHS 5 85 1408 133 2177 48 786
Samoeng No.1 85 1408 133 2177 48 786
MHS 1 91 1507 126 2070 35 579
PGMHS 6 91 1507 126 2070 35 579
PGMHS 18 91 1507 126 2070 35 579
Samoeng No.3 91 1507 126 2070 35 579
Samoeng No.8 91 1507 133 2177 42 686
PGMHS 13 93 1540 126 2070 33 546
PGMHS 17 93 1540 133 2177 40 653
PGMHS 7 94 1557 139 2262 45 722
PGMHS 15 94 1557 133 2177 39 637
Chiang Saen 96 1590 133 2177 37 604
PGMHS 8 96 1590 133 2177 37 604
PGMHS 9 96 1590 133 2177 37 604
Nong Khao 2 96 1590 139 2262 43 689
PGMHS 3 97 1607 133 2177 36 587
PGMHS 10 98 1624 133 2177 35 570
PGMHS 16 98 1624 133 2177 35 570
Samoeng No.7 100 1657 126 2070 26 429
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Figure 1. Relationship between GDD required from planting to heading and GDD required from
to heading to maturity.
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Table 3. Agronomic characteristics of purple glutinous rice in this study.

Variety name Plant height Panicle length Panicl_es Grain; per 1,0(?Ofgrain Grain yield
(cm) (cm) per hill panicle weight (g) (t/ha)

PGMHS 12 1357+ 6.5 278+0.5 13+£0 215 + 14 29.10 + 4.16 3.44 +027
Samoeng No.2 1257+ 4.0 254 +0.9 12+0 152 £ 6 36.10 £ 1.43 439 £ 0.31
PGMHS 11 1347+22 27.4+09 15+1 186 + 13 31.60 £ 1.03 2,62 +0.32
PGMHS 14 1443 + 2.1 30.6 + 0.6 14+0 164 + 20 35.67 +0.87 3.43+043
Samoeng No.4 106.2 + 2.7 283+03 130 116 + 9 34.40 £ 1.60 221 +0.05
PGMHS 5 120.7 £ 0.5 29.7 0.9 14£0 136 = 15 42.33 +0.66 3.35+0.25
Samoeng No.1 119.3 £ 4.0 29.8 £0.7 15+1 136 £ 15 39.77 £ 0.41 3.37+0.55
MHS 1 1322428 247+ 1.0 14£0 161 + 10 33.30 +£2.36 2.96 +0.31
PGMHS 6 136.9+£2.0 28.0£0.3 13+0 225 £ 11 34.33 £ 0.49 4.46 +0.39
PGMHS 18 1302 4.2 28.6 £ 1.0 151 216 + 22 29.83 + 0.42 1.38 £0.28
Samoeng No.3 123.1 + 44 274 £ 0.6 15+1 163 £ 11 30.67 £ 0.69 1.66 + 0.11
Samoeng No.8 119.5+53 232+09 15+1 121 £5 3530 £ 0.76 3.25+0.07
PGMHS 13 142.1+23 27.0+0.3 12+£1 189 + 4 37.13 £0.96 349 +£0.35
PGMHS 17 129.7+3.2 30.1+£03 160 140 + 7 38.43 £ 043 3.50 £ 0.10
PGMHS 7 1354 +29 31.5+0.1 12+£1 151 £ 4 41.10 £ 0.15 3.26 +0.54
PGMHS 15 1269 + 1.1 32.1+04 151 164 + 8 38.03 £ 1.11 4.69 £ 0.48
Chiang Saen 1212 +53 30.6+ 1.4 14+£1 162 + 13 34.30 +£2.41 3.01 +£0.31
PGMHS 8 126.8 + 7.1 307+ 1.5 14+2 159 + 15 36.47 +£2.28 3.14+0.13
PGMHS 9 111.5+34 29.9+0.9 14+0 115 + 7 3543 +1.34 1.72 £0.19
Nong Khao 2 137.6 + 6.0 293 +0.3 13+1 203 + 15 34.70 + 2.61 3.07 +0.37
PGMHS 3 1212 +1.2 31.0+ 1.6 13£0 138 + 15 36.93 £3.27 4.40 +0.57
PGMHS 10 1203 +2.8 303+ 0.6 15+1 152 £ 11 36.03 £ 1.02 3.46 +£0.20
PGMHS 16 126.1 3.6 31.1+£0.6 13+£1 179 + 14 36.30 + 0.92 2.99 +0.62
Samoeng No.7 1243 + 0.6 272404 15+1 167 £ 15 31.80 £ 1.26 1.96 £ 0.33

Data present in above table reveal mean + standard error (n=3)

Analysis of results demonstrated that rice variety PGMHS 15 produced the greatest grain
yield which was 4.69 t/ha while rice variety PGMHS 18 gave the lowest grain yield which was
1.38 t/ha (Table 3). Correlation analysis result (Table 4) showed positive relationship between
grain yield and grain weight (P<0.05). In contrast, negative correlation was found among grain
yield and number of sterile grain per panicle (P<0.01). This finding indicated that grain weight was
a major factor that contributes to grain yield among varieties in this study. Reducing grain sterility
could also enhance yield. Number of panicles per hill and number of grains per panicle showed
no relationship with grain yield even though they were yield components that could contribute to
grain yield (Yoshida, 1981). This is probably because the greater number of grains per panicle was
found positively significant correlated to number of sterile grains (P<0.01) (Table 4). Plant height
varied between 106.2-144.3 cm in which Samoeng No.4 has the lowest plant height while PGMHS
14 was the tallest. Correlation analysis result found that plant height was positively correlated with
number of grain per panicle (P<0.01). This was probably due to greater source i.c. taller plant has
more biomass thus could greater contribute to sink such as number of grain per panicle. Sheehy
et al. (2001) also reported that there was positive relationship between leaf area index which was
photosyntate source and number of grains per panicle.
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Table 4. Pearson correlation between agronomic characteristics, grain yield and total phenolic
content (n=24).

| Heading | Harvest | Panicle | GrainN Sterile GrainWt | Length | Height | Yield

Harvest

Panicle

GrainN -0.4385%

Sterile 0.5873**

GrainWt 0.6164** -0.5140%  -0.6687**

Length 0.5340** 0.4390*

Height 0.7219**

Yield -0.5777** 0.4908*

Phenolic 0.6514**

* = Significant at 5% level of P, ** = Significant at 1% level of P, Heading = GDD required to heading,
Harvest = GDD required to harvest, Panicle = Panicles per hill, GrainN = Grains per panicle, Sterile = Sterile
grains per panicle, GrainWt = 1,000 — grain weight, Length = Panicle length, Height = Plant height, Yield
= Grain yield, Phenolic = Total phenolic content.

Figure 4 showed average amounts of total phenolic content in brown rice grain among vari-
eties studied. Analysis of grain total phenolic content showed that PGMHS 16 contained highest
grain total phenolic content i.e. 736 mg/ml GAE per gram of brown rice grain while Samoeng No.8
contained the lowest grain total phenolic content i.e. 128 mg/ml GAE per gram of brown rice grain.
Goffman and Bergman (2004) reported that variation of rice grain phenolic content depended upon
grain color which varied among varieties. Research results from this study also demonstrated that
total phenolic content has significant positive correlation with panicle length. This was probably
due to greater number of grains on the longer panicles contained greater surface area of rice grain.
Hu et al. (2003) reported that the anthocyanins content is located in the aleurone layer which cov-
ered the outer layer of brown rice grain. Chung et al. (2003) reported positive correlation between
phenolic content in rice and brown rice produced.
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Figure 4. Average amount ot total phenolic content in brown rice grain (n=3).

The hierarchical cluster analysis of total phenolic contents and grain yield from purple gluti-
nous rice generated a dendogram showed that rice varieties can be grouped in four clusters (Figure
5). On the basis of similarities and differences in grain yield and total phenolic content, the four
clusters were separated by a root-mean-square (RMS) distance of 1.52, 1.13 and 0.96.
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Variety
NHS 1
Chiang Saen
Samoeng no.8
PCMHS 12
Samoeng no.1
Nong Khao 2
PCMHS 3
PGMHS 6
Samoeng no.2
PCMHS S
PCMHS 7
PGMHS 10
PGMHS 13
PCMHS 14
PCMHS 8
PCMHS 17
PGMHS 15
PQMHS 9
PCMHS 11
Samoeng no.4
Samoeng no.7
PGMHS 18
Samoeng no.3

PCMHS 16
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Figure 5. Dendogram generated by hierarchical cluster analysis of total phenolic contents and
grain yield of purple glutinous rice.

In summary, group 1 contained highest yield but was low in total phenolic content. Group 2
contained average total phenolic content but high yield. Group 3 contained average total phenolic
content and average yield. The last group, only PGMHS 16 has the highest total phenolic content
but average yield (Table 5).
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Table 5. Rice variety group as summarized from dendogram generated by hierarchical cluster.

Group Variety name Toéighggogfag?feﬁtce(gﬂ?l) Yield (t/ha)
MHS 1 219.87 2.96
Chiang Saen 171.70 3.01
PGMHS 3 316.08 4.40
PGMHS 6 177.84 4.46

] PGMHS 12 266.41 3.44
Samoeng no.1 276.73 3.37
Samoeng no.2 196.47 4.39
Samoeng no.8 128.04 3.25
Nong Khao 2 338.95 3.07
Average 236.95 3.59
PGMHS 5 436.54 3.35
PGMHS 7 428.43 3.26
PGMHS 8 553.01 3.14
PGMHS 10 480.78 3.46

2 PGMHS 13 368.43 3.49
PGMHS 14 396.73 3.43
PGMHS 15 451.31 4.69
PGMHS 17 581.05 3.50
Average 462.04 3.54
PGMHS 9 506.08 1.72
PGMHS 11 306.47 2.62
PGMHS 18 345.42 1.38

3 Samoeng no.3 330.46 1.66
Samoeng no.4 331.83 2.21
Samoeng no.7 200.65 1.96
Average 334.42 1.93

4 PGMHS 16 735.88 2.99

CONCLUSION

This study demonstrated the variation of phenological development, yield and yield com-
ponents among purple glutinous rice varieties studied. These varieties can be classified into four
groups on the basis of similarities and differences in grain yield and total phenolic content. Such
results suggested that native purple glutinous rice varieties used in this study shown potential as
genetic sources for rice improvement in order to breed a variety with satisfactory yield as well as
high antioxidant in grain.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the Lamphun College of Agriculture and Technology,
Multiple Cropping Center and Faculty of Agriculture, Chiang Mai University, for field facility sup-
port, and the Chemistry Department, Faculty of Science, for laboratory facility support.



368 | 2 CMU.J.Nat.Sci.Special Issue on Agricultural & Natural Resources (2012) Vol.11 (1)

REFERENCES

Acquaviva, R., A. Rosso, F. Galvano, G. Galvano, M.L. Bacellona, and G. Li Volti. 2003. Cyanidine
and cyanidin 3-O-B-D-glucoside as DNA cleavage protectors and antioxidants. Cell Biology
and Toxicology 19(4): 243-252.

Adom, K.K., and R.H. Liu. 2002. Antioxidant activity of grains. Journal of Agriculture and Food
Chemistry 50: 6170-6182.

Chen, P.N., W.H. Kuo, C.L. Chiang, H.L. Chiou, Y.S. Hsich, and S.C. Chu. 2006. Black rice
anthocyanins inhibit cancer cells invasion via repressions of MMPs and u-PA expression.
Chemico-Biological Interactions 163: 218-229.

Choi, S.W.,, S.H. Nam, and H.C. Choi. 1996. Antioxidative activity of ethanolic extracts of rice
brans. Food and Biotechnology 5(4): 305-309.

Chung, .M., K.H. Kim, J.K. Ahn, and J.C. Chae. 2003. Development of rice production technique
with high antioxidative activity and bioactive compounds. p. 35-80. In Agricultural R&D
Research Report. Ministry of Agriculture and Forestry, Republic of Korea

Dingkuhn, M. 1995. Climatic determinants of irrigated rice performance in the Sahel III. Character-
izing environments by simulating crop phenology. Agricultural Systems 48: 435-456.

Goffman, F.D., and C.J. Bergman. 2004. Rice kernel phenolic content and its relationship with
antiradical efficiency. Journal of the Science of Food and Agriculture 84: 1235-1240.

Hu, C., J. Zawistowski., W. Ling, and D.D. Kitts. 2003. Black rice (Oryza sativa L. indica) pigmented
fraction suppresses both reactive oxygen species and nitric oxide in chemical and biological
model systems. Journal of Agriculture and Food Chemistry 51(18): 5271-5277.

Hyun, J.W., and H.S. Chung. 2004. Cyanidin and malvidin from Oryza sativa cv. Heungjinjubyeo
mediate cytotoxicity against human monocytic leukemia cells by arrest of G(2)/M phase
and induction of apoptosis. Journal of Agriculture and Food Chemistry 52: 2213-2217.

Ichikawa, H., T. Ichiyanagi, B. Xu, Y. Toshii, M. Nakajima, and T. Konichi. 2001. Antioxidant acti-
vity of anthocyanin extract from purple black rice. Journal of Medicinal Food 4: 211-218.

Jerzy, Z., H. Chun, and D.K. David. 2003. A process for the extraction of anthocyanins from black
rice for treatment of cardiovascular diseases. Forbes Medi-Tech Inc., Canada.

Kropff, M.J., H.H. van Laar, and H.F.M. Ten Berge 1993. ORYZAI, a basic model for irrigated
lowland rice production. International Rice Research Institute, Manila, Philippines.

Lee, S.C., J.H. Kim., S.M. Jeong., D.R. Kim., J.U. Ha, and K.C. Nam. 2003. Effect of far-infrared
radiation on the antioxidant activity of rice hulls. Journal of Agriculture and Food Chemistry
51: 4400-4403.

McMaster, G.S., and W.W. Wilhelm. 1997. Growing degree-days: one equation, two interpretations.
Agricultural and Forest Meteorology 87: 291-300.

Nakagawa, H., and T. Horie. 1995. Modelling and prediction of developmental process in rice. II.
A model for simulating panicle development based on daily photoperiod and temperature.
Japanese Journal of Crop Science 64: 33-42.

Nam, S.H., and M.Y. Kang. 1997. In vitro inhibitory effects of colored rice bran-extracts carcino-
genicity. Journal of the Korean Society of Agricultural Chemistry and Biotechnology 40(4):
307-312.

Nam, S.H., and M.Y. Kang. 1998. Comparison of inhibitory effect of rice bran-extracts of the colored
rice cultivars on carcinogenisis. Journal of the Korean Society of Agricultural Chemistry
and Biotechnology 41(1): 78-83.

Oki, T., M. Matsuda., M. Kobayashi., Y. Nishiba., S. Furuta, and 1. Suda. 2002. Polymeric pro-
cyanidins as radical-scavenging components in red-hulled rice. Journal of Agriculture and
Food Chemistry 50: 7524-7529.

Osawa, T., and M.A. Namiki. 1981. Novel type of antioxidant isolated from leaf wax of Eucalyptus
leaves. Agricultural and Biological Chemistry 45: 735-739.

Parrado, J., E. Miramontes., M. Jover., J.C. Marquez., M. Angeles Mejias, and L. Collantes De
Terran. 2003. Prevention of brain protein and lipid oxidation elicited by water-soluble oryzanol



A CMU.J.Nat.Sci.Special Issue on Agricultural & Natural Resources (2012) Vol.11 (1) | 369

enzymatic extract derived from rice bran. European Journal of Nutrition 42: 307-314.

Sheehy, J.E., M.J.A. Dionora, and P.L. Mitchell. 2001. Spikelet numbers, sink size and potential
yield in rice. Field Crops Research 71: 77-85.

Summerfield, R.J., S.T. Collinson, R.H. Ellis, E.H. Roberts, and F.W.T. Penning de Vries. 1992.
Photothermal responses of flowering in rice Oryza sativa. Annals of Botany 69: 101-112.

Toyokuni, S., T. Itani., Y. Morimitsu., K. Okada., M. Ozeki, and S. Kondo. 2002. Protective effect
of colored rice over white rice on Fenton reaction-based renal lipid peroxidation in rats.
Free Radical Research 36(5): 583-592.

Van Sumere, C.F. 1989. Phenols and phenolic acids. p. 29-74 In J.B. Harborne (ed) Plant biochem-
istry. Vol. I. Academic Press, London.

Yang, W., S. Peng, M.L. Dionsio-Sese, R.C. Laza, and R.M. Visperas. 2008. Grain filling duration,
a crucial determinant of genotypic variation of grain yield in field-grown tropical irrigated
rice. Field Crops Research 105: 221-227.

Yoshida, S. 1981. Fundamentals of rice crop science. International Rice Research Institute, Los
Bafios, Philippines.



none



