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Abstract 

Salinity is one of the major threats to rice and other agricultural crop production worldwide. 

Although numerous studies have shown that salinity can severely reduce rice yield, little is 

known about its impact on the chemical composition, processing and sensory characteristics 

of rice. This study investigated the effect of salinity on the protein content and composition of 

rice endosperm and on the pasting and textural properties of rice flour. Six different cultivars 

of rice were grown with saline irrigation water containing 2.5 deciSiemens (dS) NaCl, and 

their yield, protein composition and physicochemical characteristics were compared with the 

controls grown with fresh water. Rice grown under saline conditions had significantly lower 

yields, but substantially higher protein content. The increase in protein content was mainly 

attributed to increases in the amount of glutelin, with lesser contributions from albumin. 

Salinity also altered the relative proportions of the individual peptides within the glutelin 

fraction. Flours obtained from rice grown under saline conditions exhibited markedly 

different pasting and textural characteristics from those grown under fresh water conditions. 

Although some of the altered pasting and textural characteristics (e.g. pasting temperature 

and gel hardness) could be attributed to changes in protein content of the rice flour, especially 

the increased glutelin level, the impact of salinity on the physicochemical properties of rice is 

rather complex and may involve the interrelated effects of other rice components such as 

starch and lipids.  

 

  



1. Introduction 

Salinity is regarded as the single largest soil toxicity problem facing rice production 

worldwide (McWilliam, 1986). Due to the widespread water shortages in many parts of the 

world, there is growing pressure to use poorer quality water in agriculture (Zeng et al, 2001). 

As a result, salinity problems in the production of rice, as well as other crops, are expected to 

become increasingly more serious in the coming decades. It has been shown that salinity 

significantly reduces the yield of rice and affects other physiological aspects of the crop, such 

as leaf senescence, enhanced association of ribosomes with the endoplasmic reticulum and a 

reduction in the number of mitochondrial cristae (Pareek et al., 1997; Zeng et al., 2003). 

Little is known, however, about the effect of saline growth conditions on the chemical 

composition of the rice endosperm and, correspondingly, the effect on its processing and 

sensory qualities, including pasting and textural characteristics. 

 

Salinity has been shown to influence the uptake of ions such as NO3
-
 and K

+
 in many cereal 

crops and other agricultural plants due to a reduction in transpiration resulted from osmotic 

stress (Cerezo et al., 1999). The changes in ion uptake may lead to changes in the 

composition of the proteins within the rice grain. Furthermore, salt stress reduces not only the 

yield of grains but also the number of surviving plants and the number of tillers per plant 

(Lutts et al., 1996). In addition, Zeng et al. (2001) found that salt stress can reduce the kernel 

weight. These findings suggest that the availability of nitrogen per plant and indeed per grain 

may increase in rice plants subjected to salt stress, which, in turn, might influence the protein 

composition of the grains.  

 

As a staple food in many regions, rice is one of the most important protein sources for a large 

part of the world population. For these people, a change in the protein content of rice as a 



result of salinity could have a significant impact on their daily protein intake.  On the other 

hand, a number of studies have shown that total protein content as well as the composition of 

individual proteins in rice endosperm can significantly affect the pasting and textural 

characteristics of milled rice and rice flour (Chrastil, 1992; Hamaker and Griffin, 1993; Lyon 

et al., 2000; Martin and Fitzgerald, 2002; Derycke et al., 2005; Baxter et al., 2004, 2010; Xie 

et al., 2008). Therefore, if salinity could influence the protein content and composition as 

discussed above, it may be expected that it would also have an impact on the pasting and 

textural properties of rice. 

 

The objectives of the present study were to investigate the effect of saline growth conditions 

on the protein content and composition of rice endosperm and on the pasting and textural 

characteristics of rice flour.  

2. Experimental 

2.1. Rice cultivars and growth conditions 

Six rice cultivars were used in this study, namely Illabong, Langi, Opus, Millin, Koshihikari 

(Koshi) and Kyeema. The cultivars were grown at the experimental rice plots of the 

Deniliquin Agricultural Institute, NSW, Australia, during the 2001/2002 season, irrigated 

either with fresh water or with saline water which contained 2.5 deciSiemens (dS) NaCl. 

Each experimental plot irrigated with the saline water was monitored using a conductivity 

meter and the salt and water levels were adjusted to maintain a constant NaCl concentration.  

All the rice samples were provided by David Troldahl at the Deniliquin Agricultural Institute 

together with the yield data. The rice grains were milled and ground to flour following the 

procedures described elsewhere (Baxter et al., 2004).  

 

2.2. Determination of total endosperm protein in rice flour 



Total nitrogen of flour samples was determined using a LECO FP-2000 analyser (Leco Corp., 

St Jeseph, MI, USA). Total protein content was obtained by multiplying the total nitrogen 

value by a factor of 5.95 (Chen et al.  1987). 

 

2.3. Determination of individual proteins in rice flour 

Albumin was extracted from rice flour using de-ionised water. In order to maximise the 

protein extraction efficiency for the remaining protein fractions, several different solvents and 

solvent concentrations were trialed for each protein fraction. For globulin, extraction with 

NaCl solutions in concentrations ranging from 0.25 to 3.0 M was investigated. For prolamin, 

pure (100%) and 50% (v/v) solutions of propanol and ethanol in de-ionised water with the 

addition of 1% DTT were tested. For glutelin, solutions of 1 and 2% lactic acid (w/v) with 1.0 

mM EDTA and NaOH ranging in concentration from 0.01 to 0.15 M were trialed. The 

extractions were performed using sequential extractions with albumin being removed first, 

followed by globulin, prolamin and glutelin. For each extraction, the rice flour sample (10.0 

g) was mixed with three volumes of the respective solvent and the suspension was mixed 

thoroughly. The suspension was allowed to stand for 30 min, mixed thoroughly again and 

centrifuged at 10,000 g for 10 min at 15 C. After the supernatant was collected, the 

extraction was repeated on the residue three more times using the same procedure, and the 

supernatants were pooled. Triplicate determinations of the protein concentration in each of 

the pooled supernatants were carried out by the Lowry method using the Biorad DC protein 

assay kit (Catalogue No. 500-0111). A standard curve was created for each protein fraction 

and solvent using lyophilised rice albumin, globulin, prolamin and glutelin dissolved in the 

respective solvent, and was used to determine the protein concentration in each sample. The 

extraction for each rice sample was done in duplicate. These experiments established that de-

ionised water, 1.5 M NaCl, 100 % propanol, and 0.1 M NaOH were the most efficient solvent 



for extracting albumin, globulin, prolamin and glutelin respectively. To optimise the 

extraction time, extraction for each of the four protein fractions were carried out for 5, 10, 20, 

30, 40, 50, 60, and 120 min using the best solvents established above. These experiments 

found that 30 min was the optimal time for all the protein fractions.  

 

2.4. Capillary electrophoresis of glutelin 

Capillary electrophoresis (CE) of glutelin was carried out on a Beckman P/ACE System 5510 

with a 50 μm i.d. x 30 cm uncoated fused silica capillary following the procedure of Bean 

and Lookhart (2000). Briefly, CE runs were conducted with a 50 mM iminodiacetic acid 

buffer containing 26 mM lauryl sulfobetaine, 0.05% hydroxypropylmethylcellulose (w/v) and 

20% (v/v) acetonitrile at 45 °C and 30 kV. Samples of glutelin extracts, obtained as described 

above, were injected into the capillary with pressure (0.5 psi) for 1 s following filtration 

through a 0.45 μm membrane filter to remove any particulate matter that may block the 

capillary. 

 

2.5. RVA and Textural analysis 

Pasting characteristics of rice flour were determined using a Rapid ViscoAnalyser (Newport 

Scientific model 3D, Warriewood, Australia) following the procedure described previously 

(Baxter et al., 2004).  Pasting temperature, peak viscosity, hot paste viscosity, final viscosity, 

breakdown (peak viscosity – hot paste viscosity) and setback (final viscosity - peak viscosity) 

were recorded. Each analysis was performed in triplicate. Textural properties of the rice flour 

gels formed after RVA analyses were determined with a TA-XT2 textural analyzer (Stable 

Microsystems, Surrey, Great Britain) following the procedure described by Baxter et al. 

(2004). From the force-time curve obtained, the textural parameters of hardness (height of the 

force peak on cycle 1, g) cohesiveness (ratio of the positive force areas under the first and 



second cycles), adhesiveness (negative force area of the first cycle, -gs) and gumminess 

(height of second peak  cohesiveness, g) were computed using the Texture Expert software 

supplied with the instrument. 

 

2.6. Statistical analysis 

Data were analysed by independent-samples t-tests following the procedure described by 

Miller and Miller (1993) using SPSS for WindowsTM version 11.0. Pair-wise comparisons 

were made between the rice samples grown under normal and salinity conditions for each of 

the six cultivars. Differences of means were reported at the 5%, 1% or 0.1% significance 

level. 

3. Results and discussion 

3.1. Effect of salinity on the yield and total protein content of rice  

Figs. 1 and 2 show the yield and protein content, respectively, of six rice cultivars grown 

under saline and fresh water conditions. Without exception, the use of saline irrigation water 

during growth resulted in significantly (P < 0.01) lower yields of paddy rice compared with 

the fresh water control for all the cultivars. In contrast, salt treatment resulted in significantly 

(P < 0.01) higher protein contents in the milled rice. A significant (P < 0.01) correlation was 

found between the yield and protein content, with an increase in yield generally corresponded 

to lower protein content in the samples tested (Fig. 3).  

 

As lower yields usually correspond to fewer rice grains per unit of land, the negative 

correlation between the yield and protein content of rice seems to suggest that the higher 

protein content in rice grown under saline conditions could be attributed to the greater 

availability of nutrients (nitrogen) per rice grain. Lutts et al. (1996), however, found that rice 



plants grown with saline irrigation water had a lower protein concentration in the leaves. This 

implies that the accumulation of protein in the endosperm is not simply a passive response to 

an increase in nitrogen availability. Instead, the increase in protein content in rice grown 

under saline conditions could also be a result of stress response of the rice plant. Ramani and 

Kumar Apte (1997) found that growth in saline irrigation water induced the synthesis of 

around 40 polypeptides previously shown to be associated with stress in rice. Furthermore, 

Perales et al. (2005) reported that rice plant accumulates the phytohormone, abscisic acid 

(ABA) under osmotic stress, just like many other plants do. The effects of ABA accumulation 

on the physiology of plants under stress conditions are well documented (Xiong et al., 2002). 

Of particular interest is the report by Finkelstein and Gibson (2002) that increased ABA had a 

profound effect on the major seed storage proteins in canola. It is therefore possible that the 

increased protein content in rice from salt stressed plants could be related to the increased 

presence of ABA in the rice plant.  

3.2. Effect of salinity on the composition of rice endosperm protein 

Table 1 compares the endosperm protein composition of rice grown under fresh water and 

saline conditions. For all the cultivars tested, the addition of 2.5 dS NaCl to the irrigation 

water during growth significantly altered the endosperm protein composition compared to the 

respective fresh water controls, but the changes were different among the different proteins. 

Salt treatment resulted in a significant increase in both the albumin and glutelin content in all 

cultivars tested, but the increases in glutelin were much more pronounced. For globulin, the 

use of saline irrigation water caused its concentration to increase significantly in Langi, but 

decrease significantly in Illabong, while the same treatment did not result in a significant 

change (P > 0.05) in the amount of globulin in the remaining rice cultivars. No consistent 

trend in prolamin concentration was observed among the rice cultivars as a result of saline 

treatment. The amount of prolamin decreased significantly in Illabong and Millin, but 



increased significantly in Koshihikari and Langi, while no significant change (P > 0.05)  was 

observed in Kyeema and Opus. 

 

There are no apparent explanations as to why salinity had different effect on the accumulation 

of different endosperm protein fractions in rice. Some speculation may be offered here. 

Albumin consists of a complex mixture of metabolic enzymes, hydrolytic enzymes and 

enzyme inhibitors which are produced predominantly during grain development but have 

persisted into the mature endosperm (Evers et al., 1999). It has been shown that rice plants 

grown under saline stress have a reduced seed maturation time (Munns and Rawson, 1999; 

Kavakli, 2000; Khatun et al., 1995) and, therefore, there may be less time for the enzymatic 

remnants found in the albumin fraction to breakdown, with a consequent increase in the 

amount of albumin in the mature grain. Glutelin, which is the major storage protein present in 

rice endosperm, is mainly synthesised and accumulated during the mid-stages of endosperm 

development (Barber et al.,  1998; Chrastil, 1993). The marked increase in glutelin level in 

rice grown under saline conditions could be a stress response of the rice plant to osmotic 

pressures, as discussed above.  

3.3. Effect of salinity on the fractional profile of glutelin  

Since salinity caused the greatest change in the level of glutelin in rice, the effect of the 

treatment on the fractional profile of this protein was analysed using capillary electrophoresis 

(Fig. 4). With the exception of a few additional minor peaks in the fresh sample, glutelin 

from rice grown under saline and fresh conditions contained the same number of major 

fractional peaks. However, the magnitudes of the peaks in the glutelin profiles were rather 

different in the two profiles. For example, peaks 1, 2, 3 and 6 represented a higher proportion 

of the total area for the salt treated sample compared to the control. This indicates that 



salinity not only caused the amount of glutelin in the endosperm to rise but also altered the 

distribution of the various fractions of the protein.  

3.4. Effect of saline growth conditions on the pasting properties of rice flour 

The pasting properties of six different rice cultivars grown under fresh and saline conditions 

were examined using a RVA (Table 2). In general, pasting properties of the flour from rice 

grown under saline conditions were significantly different from those of fresh water controls. 

Flour produced from rice grown under saline conditions had significantly higher pasting 

temperatures, especially for the cultivars Illabong and Koshihikari, but significantly lower 

peak and breakdown viscosities. The addition of NaCl during growth also resulted in changes 

in the final viscosity of rice flour; however, the trend varied with different rice cultivars. A 

reduction in final viscosity as a result of saline treatment was noted in Illabong, Millin and 

Opus, but the opposite trend was observed for Kyeema and Langi. No significant difference 

was found between the fresh and saline samples for the cultivar Koshihikari.  

 

The altered pasting characteristics of flours from rice grown under saline conditions were 

most likely related to the changes in their endosperm protein level and composition as a result 

of growing under these conditions. Several studies have shown that, in general, a decrease in 

total protein content corresponds to an increase in pasting temperature, and vice versa (Martin 

and Fitzgerald, 2002; Derycke et al., 2005; Xie et al., 2008). In our own study, we have found 

that the amount of albumin in rice flour is positively correlated with its pasting temperature 

(Baxter et al., 2010). These findings broadly agree with the current results that the rice grown 

under saline conditions had higher amounts of total endosperm protein as well as albumin, 

and the flour had a higher pasting temperature. However, these previous studies have also 

shown that higher endosperm protein and albumin levels also correspond to higher peak, 

breakdown and final viscosities, which were in contrast to the current results. The 



discrepancy could be attributed to the different effects of the various protein fractions on the 

pasting characteristics of rice flour. It has been shown that glutelin and albumin had opposite 

effects on the RVA viscosity parameters of rice flour; that is, the higher is the glutelin content 

of the rice flour, the lower are the peak, breakdown and final viscosity values, while the 

opposite is true for albumin (Baxter, 2006). Given the much greater increase in the amount of 

glutelin than albumin as a result of saline growth conditions, it was not surprising that the 

resultant rice flour had lower peak and breakdown viscosities. However, this does not explain 

the varying trends in the change of final viscosity values among the various rice cultivars as a 

result of salinity. Clearly, the effect of saline growth conditions on the pasting characteristics 

of the resulted rice flour is complex, which may involve the interactions of the different 

proteins fractions, and probably other rice components such as starch and lipids as well. 

 

3.5. Effect of saline growth conditions on the textural properties of rice flour 

Table 3 shows the textural properties of rice flour from six different cultivars grown under 

saline or fresh water conditions, and the results show that salinity had significant effects on 

the textural properties of the rice flours. Rice grown under saline conditions showed 

significantly higher gel hardness values for all the cultivars tested, especially Illabong, Langi 

and Millin, compared to the fresh water controls. Rice grown under saline conditions also had 

significantly higher gel adhesiveness values for all the cultivars studied, especially Millin and 

Opus. In contrast, no significant (P < 0.05) difference was found in the cohesiveness and 

gumminess values between fresh water and saline water treated samples, except for the 

cultivars Illabong and Millin, for which significant higher gumminess values were observed 

in the rice samples grown under saline conditions. 

 



The changes in the textual properties of rice grown under saline conditions were also likely 

linked to the changes in the endosperm protein level and composition in rice as a result of the 

growth conditions. We have previously shown that an increase in either albumin or glutelin 

concentration in rice flour would result in an increase in hardness for the gel formed from the 

flour (Baxter, 2006; Baxter et al., 2010). This probably explains the increased gel hardness 

for rice grown under saline conditions as such conditions caused an increase in both the 

albumin and glutelin concentrations in the endosperm (Table 1). It has also been shown that 

the amount of glutelin and albumin in rice is positively and negatively correlated with gel 

adhesiveness, respectively (Baxter, 2006; Baxter et al., 2010). Thus, the increased gel 

adhesiveness for flour produced from salt treated rice was most likely a result of the much 

greater increase in the amount of glutelin in the resultant rice. However, it is not apparent as 

to why the changes in the protein levels and composition as a result of saline growth 

conditions did not show significant impact on the other two textural properties, namely gel 

cohesiveness and guminess. As discussed in the previous section, this is probably a reflection 

of the complex nature of the effect of salinity on other rice components and their interrelated 

effect on the physicochemical properties of the resultant rice flour. 

 

Conclusions 

This study has shown that salinity can significantly affect the yield and composition of rice 

grains and the physicochemical properties of the resultant rice flour. Rice grown under saline 

conditions had significantly lower yields but much higher amounts of endosperm protein. The 

increase in protein content was mainly attributed to increases in glutelin content with lesser 

contributions from albumin. Furthermore, salinity also altered the relative proportions of the 

individual peptides within the glutelin fraction. Flours obtained from rice grown under saline 

conditions exhibited markedly different pasting and textural characteristics from those grown 



under fresh water conditions. Although some of the altered pasting and textural 

characteristics (e.g. pasting temperature and gel hardness) could be attributed to changes in 

protein content of the rice flour, especially the increased glutelin level, the impact of salinity 

on the physicochemical properties of rice is rather complex and may involve the interrelated 

effects of other rice components such as starch and lipids, which is a topic worthy of further 

investigations.  
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Table 1  

Effect of salinity on the content of four major proteins in six different rice cultivars 

Cultivar Growth 

condition 

Albumin 

content 

(mg/g flour)
a
 

Globulin 

content 

(mg/g flour)
a
 

Prolamin 

content  

(mg/g flour)
a
 

Glutelin 

content  

(mg/g flour)
a
 

Illabong Fresh 4.8 ± 0.2 13.7 ± 1.1 21.3 ± 0.8 49.0 ± 1.3 

 Saline 5.9 ± 0.2* 14.6 ± 0.2 17.0 ± 0.9** 71.4 ± 0.8*** 

      

Koshihikari Fresh 7.2 ± 0.3 23.5 ± 2.6 25.1 ± 1.8 37.2 ± 1.0 

 Saline 9.2 ± 0.1** 24.8 ± 0.7 29.1 ± 1.7* 53.2 ± 2.0*** 

      

Kyeema Fresh 7.5 ± 0.2 25.9 ± 2.1 19.6 ± 0.9 41.8 ± 2.7 

 Saline 8.8 ± 0.3* 20.9 ± 3.4* 21.3 ± 1.8 73.5 ± 3.5*** 

      

Langi Fresh 7.3 ± 0.2 22.0 ± 1.6 17.2 ± 1.2 30.4 ± 1.6 

 Saline 9.0 ± 0.2* 26.0 ± 0.9* 25.5 ± 1.2* 86.7 ± 2.3*** 

      

Millin Fresh 9.9 ± 0.1 27.1 ± 1.3 22.4 ± 1.4 38.7 ± 1.6 

 Saline 10.6 ± 0.1* 29.1 ± 2.0 17.5 ± 1.3* 66.9 ± 2.6*** 

      

Opus Fresh 6.7 ± 0.1 22.5 ± 2.1 19.8 ± 1.5 34.1 ± 1.3 

 Saline 7.2 ± 0.1* 24.9 ± 0.8 21.2 ± 1.9 57.7 ± 2.5*** 

 

a
Data are means of triplicate analyses with standard deviation. For each cultivar, means of the 

content of each protein were compared by student’s t-test. *, ** and *** indicate the means 

were different at the 5, 1% and 0.1% significance level, respectively.  



Table 2  

RVA pasting properties of rice flour from six different rice cultivars grown with or without 

the addition of NaCl (2.5 dS) to the irrigation water. 

Cultivar Growth 

condition 

Pasting 

temperature 

(
o
C)

a
 

Peak 

Viscosity 

(RVU)
a
 

Breakdown 

Viscosity 

(RVU)
a
 

Final 

Viscosity 

(RVU)
a
 

Illabong Fresh 68 ± 1.2 256 ± 3.4 178 ± 3.6 162 ± 2.4 

 Saline 84 ± 1.3*** 221 ± 2.7*** 146 ± 2.3*** 145 ± 3.5*** 

      

Koshihikari Fresh 69 ± 0.7 282 ± 3.9 206 ± 4.1 148 ± 2.8 

 Saline 84 ± 2.1*** 255 ± 2.1*** 176 ± 1.9*** 149 ± 1.6 

      

Kyeema Fresh 80 ± 0.8 254 ± 4.1 173 ± 3.8 157 ± 2.7 

 Saline 87 ± 0.4*** 236 ± 2.4*** 137 ± 2.6*** 182 ± 4.1*** 

      

Langi Fresh 79 ± 0.4 258 ± 3. 178 ± 2.7 102 ± 1.8 

 Saline 88 ± 1.1*** 196 ± 4.2*** 104 ± 1.8*** 168 ± 2.4*** 

      

Millin Fresh 80 ± 0.5 295 ± 2.5 207 ± 2.4 170 ± 2.5 

 Saline 85 ± 1.3** 244 ± 2.8*** 163 ± 1.0*** 152 ± 2.1*** 

      

Opus Fresh 77 ± 2.1 275 ± 3.7 202 ± 4.8 153 ± 4.2 

 Saline 86 ± 1.4*** 215 ± 1.9*** 132 ± 4.7*** 144 ± 3.8* 

 

a
Data are means of triplicate analyses with standard deviation. For each cultivar, means of 

each pasting parameter were compared by student’s t-test. *, ** and *** indicate the means 

were different at the 5, 1% and 0.1% significance level, respectively. 

  



Table 3  

TPA textural properties of rice flour gels six different rice cultivars grown with or without the 

addition of NaCl (2.5 dS) 

Cultivar Growth 

Condition 

Hardness 

(g)
a 

Adhesiveness  

(-gs)
a 

Cohesiveness
a Gummines

s (g)
a 

Illabong Fresh 41 ± 1.8 73 ± 2.9 0.58 ± 4.1 x 10
-3 19 ± 2.1 

 Saline 55 ± 0.9* 86 ± 1.9** 0.56 ± 1.2 x 10
-3 25 ± 1.1* 

      

Koshihikari Fresh 32 ± 1.7 54 ± 2.3 0.61 ± 2.3 x 10
-3 15 ± 1.5 

 Saline 38 ± 1.8** 65 ± 4.6** 0.59 ± 0.8 x 10
-3 17 ± 0.8 

      

Kyeema Fresh 33 ± 2.5
** 62 ± 2.1 0.59 ± 3.1 x 10

-3 16 ± 1.5 

 Saline 40 ± 1.8
** 66 ± 1.2* 0.56 ± 1.4 x 10

-3 16 ± 0.7 

      

Langi Fresh 52 ± 3.7 56 ± 3.1 0.60 ± 2.7 x 10
-3* 25 ± 1.2 

 Saline 68 ± 4.5*** 66 ± 2.4** 0.53 ± 1.3 x 10
-3* 26 ± 0.4 

      

Millin Fresh 46 ± 4.5 67 ± 2.7 0.56 ± 3.0 x 10
-3 30 ± 1.3 

 Saline 75 ± 3.6*** 83 ± 2.6*** 0.58 ± 2.2 x 10
-3 44 ± 2.5* 

      

Opus Fresh 32 ± 2.1 59 ± 1.8 0.59 ± 3.4 x 10
-3 15 ± 1.6 

 Saline 44 ± 3.6** 79 ± 2.3*** 0.56 ± 4.1 x 10
-3 19 ± 2.7 

 

a
Data are means of triplicate analyses with standard deviation. For each cultivar, means of 

each textural parameter were compared by student’s t-test. *, ** and *** indicate the means 

were different at the 5, 1% and 0.1% significance level, respectively.  



 

 

Fig. 1. Paddy rice yield of six cultivars grown with fresh (□) or saline (2.5 dS) (■) irrigation 

water.  Error bars represent one standard deviation from the mean. 
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Fig. 2. Total protein content of milled rice in six cultivars grown with fresh (□) or saline (2.5 

dS) (■) irrigation water. Error bars represent standard error of the mean. 
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Fig. 3. Relationship between paddy rice yield and protein content of milled rice for six 

different cultivars grown with fresh or saline (2.5 dS) irrigation water. 

** Data are linearly correlated at the 1 % significance level. 
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Figure 4. A comparison of CE profiles of glutelin for the cultivar Langi grown with fresh or 

saline (2.5 dS) irrigation water. 
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