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Abstract
The aim of this study was to investigate changes in 7 nutritional components (fatty acid, protein, fat, ash, 

total dietary fiber (TDF), γ-aminobutyric acid (GABA), and γ-oryzanol) of paddy rice (PR) and brown rice (BR) 
throughout the germination process, as measured at different shoot lengths (10 mm, 20 mm, and 30 mm). With 
the increase of shoot length, the nutritional components’ concentrations increased, as compared to the concen-
trations measured before germination. Moreover, BR exhibited higher GABA, γ-oryzanol, and protein than PR. 
Among the components, TDF, GABA, and γ-oryzanol showed significant concentration differences throughout 
germination, while the others exhibited only slight variations. In particular, GABA and γ-oryzanol were predom-
inantly increased in grains of 10 mm shoot length. These compounds might prove to be important factors from 
germinated rice. Additionally, the germinated cultivar ‘Keunnun’ might also prove to be a very important food 
source, owing to its high GABA and γ-oryzanol contents. These results suggest that variations in nutritional com-
ponents related to the increase of shoot length may prove to be important when considering the beneficial aspects 
of rice on human health.
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INTRODUCTION
 

Rice (Oryza sativa L.) is consumed as a staple food 
around the world because of its many nutritional func-
tions. Numerous components in rice can be improved 
by biofortification through cultivar production and se-
lective breeding, which are important approaches to en-
hancing the quality and quantity of food (1). Moreover, 
scientific technologies of genetic modification make it 
possible to enhance rice’s nutritional values. In spite of 
the developed methods concerning increase of biofunc-
tional components, rice is not considered suitable be-
cause of its safety. Additionally, many researchers have 
reported that changes in functionalities were associated 
with processing technologies (2). It is well established 
that germination is a processing method by which the 
quality of cereal can be improved for physiological and 
nutritional functions (3,4). During germination, hydro-
lytic enzymes and biological components are activated, 
while starch, polysaccharide, and amino acid are decom-
posed (3,5,6). The decomposition of polymers in germi-
nated cereal leads to the generation of functional materi-
als (7). Although several reports in the literature demon-
strate the presence of functional components during ger-

mination (4,8), there is a lack of information on changes 
in various nutritional components through germination 
stage. 

Rice has many nutritional components, including car-
bohydrates, protein, oil, dietary fiber, vitamin, γ-amino 
butyric acid (GABA), and γ-oryzanol (9-11). GABA is 
involved in the regulation of certain cardiovascular func-
tions, such as blood pressure and heart rate (12) as well 
as physiological functions, such as neurotransmission, 
diuretic, and tranquilizing effects (13,14). γ-Oryzanol is 
comprised of 10 ferulate esters of triterpene alcohol in-
cluding 3 main components, 24-methylene cycloartanyl 
ferulate, cycloartenyl ferulate, and campesteryl ferulate 
(15) (Fig. 1) and shows biological functionalities such 
as inhibition of tumor promotion, reduction of serum 
cholesterol levels and antioxidant properties (16). Total 
dietary fiber (TDF) has received a lot of attention in 
the past few years due to its potential beneficial effects 
on glucose metabolism and reducing the risk of color-
ectal cancer (17). For these reasons, rice is receiving a 
renewed interest as a potential dietary supplement. 

In the present research, we elucidated changes in 7 
nutritional components of rice, including fatty acid, pro-
tein, fat, ash, TDF, GABA, and γ-oryzanol, at three dif-
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Fig. 1. Chemical structures of γ-oryzanol in rice.

ferent shoot lengths during germination. The variation 
of these nutrients within different Korean cultivars was 
also investigated.

MATERIALS AND METHODS

Materials
Four rice cultivars, ‘Keunnun’, ‘Heugkwang’, ‘Ilpum’, 

and ‘Chucheong’ were used for this study. These culti-
vars were developed in the National Institute of Crop 
Science (NICS), Rural Development Administration 
(RDA). All cultivars were harvested in the NICS, RDA, 
Suwon, Korea in 2006.

Chemicals and reagents
A 37-fatty acid methyl ester (FAME) standard was 

purchased from Supelco (USA) and GABA was prepared 
from Tokyo Kasei (Kogyo Co., Japan). Hexane and pe-
troleum ether (HPLC grade) were obtained from J.T. 
Baker (Phillipsburg, NJ, USA). γ-Oryzanol and sodium 
methoxide were purchased from Sigma Aldrich (St. 
Louis, MO, USA). All chemicals and solvents were of 
the highest commercial grade and used without further 
purification. 

Sample preparation   
After harvesting, rice was stored in airtight containers 

for 7 days at 30oC. PR (100 g) was dehulled with Satake 
Grain Testing Mill (Satake Engineering Co., Higashi- 
Hiroshima-Shi, Japan) to BR. PR and BR (each 50 g) 
were decontaminated with 1% sodium hypochlorite sol-
ution for 2 hr. The sterilized grains were put in a petri 
dish covered with filter paper (Advantec No. 2, 90 mm), 

and then 10 mL distilled H2O was added. The petri dish 
was germinated under dark conditions in a controlled 
growth chamber (25oC with 50% air humidity, PCE- 
22MF, Shizuoka Seiki Co., Ltd.). In this study, the shoot 
lengths of germinated rice were considered when the co-
leoptiles were 10 mm (3 days), 20 mm (3.5 days), and 
30 mm (4 days). 

Measurement of fatty acid composition
Fatty acid methyl esters were prepared from rice oil 

by methylation (18) and subjected to gas chromatog-
raphy, which was performed using a Hewlett-Packard in-
strument (model 5890, PaloAlto, CA, USA) equipped 
with a flame ionization detector, an auto sampler (model 
7673, Hewlett-Packard), a fused silica capillary column 
SPTM-2380 (30 m×0.25 mm, 0.25 μm, Supelco, Belle-
fonte, PA), and Chemstation software system (version 
A.09, Hewlett-Packard). The carrier gas was helium at 
a flow rate of 1.0 mL/min and injection volume was 
1 μL at a split ratio of 30%. The injector and detector 
temperatures were 250oC. The temperature was pro-
grammed as follows: hold at 45oC for 4 min, increase 
by 13oC/min to 175oC, hold again at 175oC for 27 min, 
increase at 4oC/min for 4 min to 250oC, and then hold 
at 250oC for 35 min with a final hold time of 10 min. 
Individual fatty acid methyl esters were identified by 
comparing the gas chromatography retention time with 
those of standards and the amount was expressed as a 
percent of total fatty acids.

Measurement of protein, fat, ash, and total dietary 
fiber (TDF)     

Protein content was determined by the micro-Kjeldahl 
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method (19). The percentage of protein was calculated 
as the percentage of nitrogen determined, multiplied by 
6.25, and expressed on a dry basis. The pulverized rice 
(5 g) was extracted in approximately 70 mL hexane for 
3 hr at 105oC via a Soxhlet apparatus (Buchi B-811). 
Hexane was evaporated using a Buchi Rotovapor R-200 
(Flawil, Switzerland) at a reduced process. The remain-
ing fat was weighted and calculated (20). Total fat con-
tent was represented on a dry matter basis of rice. Ash 
was by the AOAC method 923.03 (19). Briefly, ash was 
incineration for 5 hr at 600oC in an electric furnace 
(DS-84E-1, Dasol, Korea) and soxhelt (DongHa-Tech., 
Seoul, Korea). TDF content was measured according to 
the AOAC enzymatic gravimetric method (21). 

Measurement of GABA
GABA content was extracted according to the method 

of Oh and Oh (22) with a slight modification. Briefly, 
the mixture of organic solution (CH3OH 5 mL : CHCl3 
10 mL : H2O 5 mL) was added to the pulverized grains 
(1.0 g). The aqueous solution layer containing GABA 
was obtained through centrifugation (2,800×g, 4oC, 10 
min), and then the supernatant was freeze dried. GABA 
was measured by a 1.0 mL/assay system in spectrophoto-
metric assay at 340 nm (23). 

Measurement of γ-oryzanol   
γ-Oryzanol content was measured according to the 

methods of Rogers et al. (10) and Chotimarkorn et al. 
(24). Fat was weighed to exactly 100 mg and dissolved 
in 1.0 mL of propanol before being filtered through a 
0.45-μm syringe filter. The HPLC analysis was per-
formed by Agilent 1100 series equipped with Hypersil 
ODS column (4.0×250 mm, 5 μm, Agilent Technologies, 
Palo Alto, CA, USA) at 330 nm. The mobile phase, 
MeOH : CH3CN : CH2Cl2 : CH3COOH (50:44:3:3), was 
used at a flow rate 1.0 mL/min. γ-Oryzanol was identi-
fied by the retention time of the standard and calculated 
by comparing the peak area of sample with the standard 
calibration curve. 

Statistical analysis    
All measurements were repeated 3 times and the re-

sults were the mean±standard deviation (SD). Results 
were analyzed by using Sigma Plot 2001 (SPSS Inc., 
Chicago, IL, USA).

RESULTS AND DISCUSSION

Changes in fatty acid composition content
Changes in sugar, vitamin, and γ-oryzanol contents of 

germinated rice are well documented (8). However, 
changes in fatty acid composition over different stages 

of germination have not been reported in the literature. 
Although fatty acid composition showed no significant 
differences according to the shoot lengths, the main com-
ponents in all samples were palmitic acid, oleic acid, 
and linoleic acid (C16:0, C18:1, and C18:2, re-
spectively), with relative concentrations of C18:1>C18:2 
>C16:0 (Table 1). These compositions exceeded 80% of 
total fatty acid content. Among them, C18:1 showed 
considerable fluctuations in comparison with C16:0 and 
C18:2. As shown in Table 1, C18:1 showed the highest 
content in ‘Keunnun’ and 10 mm shoot length in germi-
nated PR was observed the highest content (45.4%). 
Moreover, ‘Chucheong’ exhibited lower content than oth-
er cultivars with the lowest content being 28.6% in 20 
mm shoot length of germinated BR. The minor fatty acid 
profiles were in the order of C18:3 (<8.0%), C18:0 
(<3.0 %), C14:0 (<1.0%), C20:0 (<0.8%), and C22:0 
(<0.7%). These components were not influenced by ger-
mination and showed no significant differences between 
PR and BR (Table 1). SFA content (C14:0, C16:0, 
C18:0, C20:0, and C22:0) slightly increased according 
to the shoot length of germination, with the average con-
tent of BR exhibiting slightly higher concentrations than 
that of PR (BR: 26.3% and PR: 24.1%). On the contrary, 
USFA content (C18:1, C18:2, and C18:3) was slightly 
reduced. The maximum content of the average USFA 
was observed in ‘Keunnun’ (77.2%) of PR, while the 
minimum was observed in ‘Chucheong’ (72.1%) of BR. 
Generally, chemical and functional components sig-
nificantly increased after germination because of biosyn-
thesis (8). Therefore, our results suggest that fatty acid 
composition may be significantly affected by lengths of 
germination and cultivars.

Changes in protein, fat, ash, and TDF contents 
With the increase of shoot length, protein concen-

tration slightly increased in PR and BR (Table 2). Also, 
the total average protein of BR was more than that of 
PR (Fig. 2A). It seems that changes in protein at different 
shoot lengths during germination were similar to those 
of phytochemicals in rough rice (12). In this study, 
‘Heugkwang’ exhibited the highest average content (PR: 
7.3% and BR: 9.1%), followed by ‘Keunnun’ (PR: 6.8% 
and BR: 8.7%), ‘Ilpum’ (PR: 6.6% and BR: 7.6%), and 
‘Chucheong’ (PR: 6.3% and BR: 7.5%). 

As shown in Table 2, with an increase of shoot length, 
fat content also slightly increased. Moreover, total aver-
age fat content of PR was higher than that of BR (Fig. 
2B). Among the 5 cultivars, ‘Heugkwang’ showed the 
highest average content (8.6%) in PR, while ‘Keunnun’ 
was observed to have the highest average content (5.5%) 
in BR (Table 2). Fat levels did not display significant 
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Fig. 2. Changes in the average contents of 6 nutritional compo-
nents at different shoot lengths of PR and BR during ger-
mination. (A) The average protein content, (B) The average 
oil content, (C) The average ash content, (D) The average TDF 
content, (E) The average GABA content, (F) The average γ- 
oryzanol content.

changes during germination. Ash showed significant dif-
ferences among cultivars (25), but no significant differ-
ences were observed in this study (Table 2). Ash content 
of PR was higher than that of BR (total average content 
before germination, PR: 4.3%, BR: 1.3%). This result 
suggests that ash content progressively decreases with 
an increase in milling duration (26). With the increase 
of shoot length during germination, total average ash 
content showed nearly the same content as shown in Fig. 
2C. Thus, ash levels in germinated rice are not affected 
by increased germination time. In this study, ‘Keunnun’ 
rice exhibited the highest average content (PR: 5.1% and 
BR: 1.8%), while ‘Ilpum’ showed the lowest (PR: 3.8% 
and BR: 1.3%). 

Recently, it was reported that TDF in rough rice in-
creased 1.1～1.9 times throughout germination (8). As 
can be seen in Table 2, TDF showed significant differ-
ences between PR and BR. Total average TDF content 

of PR before germination was observed to be 13.4% and 
in BR was 4.9%. With the increase of shoot length dur-
ing germination, the total average content of TDF in PR 
(17.0%) was higher than that of BR (12.8%) (Fig. 2D). 
However, the rate of increase of TDF in BR was much 
higher than that in PR. Also, this component showed 
significant differences in comparison with protein, oil, 
ash, and fatty acid. In the 4 cultivars used for this study, 
‘Keunnun’ showed the highest content of TDF in PR 
and ‘Heugkwang’ exhibited the highest content in BR. 
It is well established that TDF promotes beneficial bio-
logical effects, including a laxative effect, lowered blood 
cholesterol, and glucose attenuation (8). Therefore, ger-
minated rice has the potential to be used as healthy and 
functional food ingredient. 

Changes in GABA content 
GABA is enhanced in the germination state (4), so 

allowing time for germination during processing can 
help improve rice quality (3). Numerous researchers stud-
ied the effects of pretreatment conditions on GABA, but 
changes in GABA throughout the different germination 
stages have not been as thoroughly investigated. 

As shown in Table 3, changes in GABA between culti-
var and shoot length during germination showed the most 
differences. With the increase of shoot length, GABA 
levels significantly increased. GABA in the 3 different 
shoot lengths of germinated rice showed higher total 
average contents in BR (290.5→39.6→78.7→23.7 mg/ 
100 g) than those of PR (270.0→84.7→97.1→34.5 mg/ 
100 g) (Fig. 2E). In the 4 cultivars used for this study, 
‘Keunnun’ showed the highest content and variation 
(458.4→324.6 mg/100 g), followed by ‘Heugkwang’ 
(346.8→32.4 mg/100 g), ‘Chucheong’ (185.5→50.7 mg/ 
100 g), and ‘Ilpum’ (89.4→30.4 mg/100 g). This phe-
nomenon is likely the result of ‘Keunnun’s’ large em-
bryo, where these physiological activities take place (8). 
Based on the above results, the germinated ‘Keunnun’ 
may be prove to be an important contribution for human 
health owing to its high GABA content. Interestingly, 
the grains of 10 mm shoot length showed the most sig-
nificant changes and ratios, with the highest GABA con-
tent in all cultivars (Fig. 2E). Thus, GABA showed the 
highest variation in the early stage of germination and 
appears to be significantly influenced by germination 
time.

Changes in γ-oryzanol content 
Many researchers have been focused on the increase 

of γ-oryzanol, because of its activities as an antioxidant, 
as well as its effects on plasma lipids, and high density 
lipoprotein-cholesterols (27). In particular, the germina-
tion effect concerning γ-oryzanol has been described in 
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Table 3. Changes in GABA and γ-oryzanol contents at different shoot lengths in PR and BR during germination

Cultivar
(shoot length, mm)

Changes in content
GABA (mg/100 g)1) γ-Oryzanol (mg/g)1)

PR2) BR3) PR BR
Keunnun
Keunnun (10)4)

Keunnun (20)5)

Keunnun (30)6)

 458.4±10.9d

1020.8±39.4c

1240.4±48.2b

1324.6±45.7a

 465.2±7.8c

1237.4±32.7b

1394.6±30.9a

1405.1±44.9a

4.6±0.4b

7.2±0.2ab

7.9±0.3a

8.0±0.1a

4.9±0.3c

7.5±0.2b

8.2±0.3a

8.3±0.2a

Heugkwang 
Heugkwang (10)
Heugkwang (20)
Heugkwang (30)

 346.8±14.7c

 785.1±25.8b

 828.9±20.4a

 832.4±19.0a

 392.4±8.2d

 886.9±13.6c

 980.1±17.2b

1043.7±20.5a

3.7±0.3b

7.2±0.1ab

7.9±0.3a

7.9±0.3a

4.0±0.3b

7.8±0.4ab

8.4±0.2a

8.6±0.5a

Ilpum
Ilpum (10)
Ilpum (20)
Ilpum (30)

  89.4±5.7d

 104.7±4.2c

 128.7±3.8b

 530.4±14.2a

 105.6±2.8d

 346.7±6.8c

 469.3±7.9b

 537.5±12.3a

4.5±0.3d

5.4±0.2c

5.8±0.1b

6.1±0.2a

5.2±0.4b

6.2±0.1ab

6.9±0.3a

6.9±0.2a

Chucheong
Chucheong (10)
Chucheong (20)
Chucheong (30)

 185.5±5.1d

 428.1±11.9c

 590.4±17.4b

 650.7±21.3a

 198.6±4.2d

 487.4±7.9c

 670.7±8.1b

 708.5±11.5a

4.0±0.4b

6.8±0.2ab

7.1±0.3a

7.2±0.3a

4.7±0.2c

7.4±0.1b

7.9±0.3a

7.9±0.3a

1)The values indicate the mean±SD (n=3) for GABA and γ-oryzanol contents of each sample; 2)PR, paddy rice; 3)BR, brown 
rice; 4)germination during 3 days; 5)germination during 3.5 days; 6)germination during 4 days.

previous reports (8). However, there has been no report 
on variations of γ-oryzanol through different shoot 
lengths of germinated rice. We proceeded to examine 
γ-oryzanol in PR and BR and these results are shown 
in Table 3. During germination, γ-oryzanol was observed 
in varying amounts between cultivars and shoot lengths. 
Furthermore, this component showed higher content as 
of shoot length increased. As shown in Table 3, BR ex-
hibited more γ-oryzanol content than PR. Moreover, 
‘Keunnun’ and ‘Heugkwang’ showed higher content than 
other cultivars. These cultivars may be very important 
sources in processing and functional supplements through 
germination. Interestingly, the grains of 10 mm shoot 
length showed the predominant variations as shown in 
Fig. 2F (total average content; PR: 4.2→6.7 and BR: 
4.7→7.2 mg/g). As a result, γ-oryzanol showed the high-
est variation in the early stage of germination, similar 
to what was observed with GABA content. 

CONCLUSION

The results of this study provide a basic understanding 
of some of the functional properties of germinated rice. 
This research evaluated the profile changes of 7 nutri-
tional components in four different cultivars of germinat-
ing rice, in both the PR and BR forms. These compo-
nents include: fatty acid, protein, fat, ash, TDF, GABA, 
and γ-oryzanol. The germination stages were identified 
by shoot lengths of 10 mm, 20 mm, and 30 mm. All 
nutritional components increased with an increase of 
shoot length. Most notably, GABA and γ-oryzanol 

showed the predominant differences between cultivars 
and shoot lengths during germination. These two nutri-
tional components were most highly expressed in the 
early stage of germination (10 mm). Their high concen-
trations indicate they might play a key role in the nutri-
tional benefits of rice. Additionally, the data from these 
studies suggest that germinated ‘Keunnun’ may be a very 
important nutrition because of its high GABA and γ- 
oryzanol contents.
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