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Abstract 
Glycation is a non-enzymatic reaction between reducing sugars and amino group proteins which leads to the formation of 
advanced glycation end products (AGEs). The buildup of AGEs in the body is a key factor in the onset of aging and lifestyle-
related diseases. In this study, the inhibitory effect on the formation of AGEs by rice water was investigated. Rice water is a 
common ingredient used traditionally as a beautifying agent but lacks proper scientific research. 14 Japonica and Indica rice 
varieties were used to prepare rice water samples using three different methods, namely type 1, type 2, and type 3 (n = 42).
The human serum albumin (HSA) glycation model was used to evaluate the inhibitory effect on the formation of fluorescent 
AGEs by rice water. The total phenolic content (TPC) in rice water was determined according to the Folin-Ciocalteau 
procedure. All 42 rice water samples showed an inhibitory effect on the formation of fluorescent AGEs, and positive 
correlations were observed between the inhibitory effect and the TPC at p < 0.05; type 1 rice water (r = 0.906), type 2 rice 
water (r = 0.918), and type 3 rice water (r = 0.765). It was also observed that rice water prepared from pigmented rice varieties
showed the highest inhibitory values, for example, type 1 sample number 1 (66.4 ± 0.4 %), type 2 sample number 1 (66.6 
± 0.7 %), and type 3 sample number 12 (69.6 ± 0.8 %). Consequently, the results from this study verifies the anti-glycative 
effect of rice water and suggests the TPC plays a role on the anti-glycative effect of rice water.
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Introduction    
Rice is one of the most widely consumed staple foods 

for a large part of the world’s population, mainly in Asia and 
it is also an important beautifying agent. Traditionally, women 
from Japan, China, and some Southeast Asian countries 
have used rice water to beautify their face, skin, and hair. 
Oryza sativa is the plant species most commonly referred 
to as rice. It contains two major subspecies; the sticky, 
short-grained Japonica variety, and the non-sticky, long-
grained Indica rice variety 1). Rice also occurs in a variety 
of colors, including white, brown, black or purple, and red. 
However, the benefits of rice water are not supported by 
enough scientific research although cosmetic manufacturers 
greatly assert the benefits of rice water on skin.

Recently, the search for new, natural, and most 
importantly organic bioactive compounds to prevent skin 
aging has greatly increased. Rice water is natural, economical 
and simple, and could be easily included in skincare products.
Different types of rice are readily available as it is a large part

of the human diet, and it can easily be obtained from the rice
industry as well. Rice  bran  oil  is  recognized  for  containing
antioxidant-rich  components  such  as  ferulic acid, γ -oryzanol, 
and phytic acid 2). These components have been established 
and used in the cosmetic industry, and in the management 
of skin diseases 3). Rice bran bioactive compounds have been 
found to be efficient in the treatment of alopecia 4) and also 
have an anti-aging potential 5). Starch, which is the major 
component in rice grains, is a biodegradable polymer with 
safe application in the pharmaceutical industry. Starch is 
recommended to be added to bath water as it is said to help 
with the treatment of atopic dermatitis or other skin diseases 
associated with pruritus 6). A study done in Portugal presented 
in vitro biological antioxidant activity and elastase inhibitory 
effects by rice water. Their clinical study done using a topical 
gel formulation containing 96 % rice water was shown 
to be biocompatible with the human skin and presented 
suitable cosmetic properties 7). It has also been shown that the 
bioactive compounds present in rice have huge potential for 



Table 1. Rice samples used in this study.

Sample 
number Sample name Subspecies Color

Country of 
origin and 
purchase

Additional details regarding source of material

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Asamurasaki

Black Kodaimai

Dik Vee

Hitomebore

Koshihikari

Kuruluthuda

Ma Vee

Madathavalu

Martin Samba

Mixed Kodaimai

Pachchaperumal

Red Kodaimai

Suduru Hel

Yuyakemochi

Black

Black

Red

Brown

Brown

Red

White

White

White

Mixed 
(black, 
 green, red)

Red

Red

White

Red

Japan

Japan

Sri Lanka

Japan

Japan

Sri Lanka

Sri Lanka

Sri Lanka

Sri Lanka

Japan

Sri Lanka

Japan

Sri Lanka

Japan

Purchased from   Tomizawa Shoten (TOMIZ),
Product No. 00347802

Purchased from Asuka Kanko

Purchased from Siriketha Products, Ethkandura 

Purchased from Rice Friend, Takashimaya Osaka store

Purchased from Rice Friend, Takashimaya Osaka store

Purchased from Siriketha Products, Ethkandura 

Purchased from a local farmer in the Gampaha district 

Purchased from a local farmer in the Gampaha district

Purchased from a local farmer in the Gampaha district

Purchased from Asuka Kanko

Purchased from a local farmer in the Gampaha district

Purchased from Asuka Kanko

Purchased from a local farmer in the Gampaha district

Purchased from Tomizawa Shoten (TOMIZ),
Product No. 00347901

Japonica

Japonica

Indica

Japonica

Japonica

Indica

Indica

Indica

Indica

Japonica

Indica

Japonica

Indica

Japonica
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many health benefits and has anti-tumor, anti-atherosclerosis, 
anti-diabetic, anti-allergic agents, alleviation of gallstones, 
anti-cancer activity, anti-inflammatory, and other effects 8).

Rice water, which is used as folklore medicine in 
Sri Lanka, is classified into three types according to the 
difference in manufacturing method, and there are various 
varieties such as those from Southeast Asia and Japan. 
The main purpose of this study is to verify the presence 
or absence of anti-glycation effect as a new function of 
rice water. Glycation is a non-enzymatic chemical reaction 
between amino acids or proteins and reducing sugars, 
which was discovered by Louis-Camille Maillard, a French 
scientist. This reaction is also called the Maillard reaction 9). 
These glycated proteins lead to the formation of advanced 
glycation end products (AGEs) that are accumulated in 
various tissues and organs. AGEs induce inflammation, 
pigmentation, and deterioration of physiological function 
that lead to aging 10). The phenomenon of the accumulation 
of these cytotoxic and irreversibly-formed sugar-derived 
AGEs that contribute to aging, age-related diseases, and 
other metabolic diseases such as diabetes, cancer, kidney, 
ocular, and cardiovascular diseases is known as glycative 
stress 11). In addition, we will compare the difference in effect 
depending on the variety and manufacturing method and the 
total phenol content (TPC), as it has been reported that TPC 
was responsible for the anti-glycation potential of rice 12). We 
would like to know the varieties and manufacturing methods 
that efficiently exert anti-glycation effects.

Materials and methods
Samples and reagents

The 14 rice samples used in this study were purchased 
randomly at readily available stores across Japan and 
Sri Lanka (Table 1). Human serum albumin (HSA) was 
purchased from Sigma-Aldrich (Meguro-ku, Tokyo). All 
other chemicals were analytical grade and purchased from 
Fujifilm Wako Pure Chemical Corporation (Osaka, Japan) or 
Nacalai Tesque, Inc. (Kyoto, Japan). 

Rice water preparation by three different  methods
Based on the traditional usage in Sri Lanka, the 

following three types of rice water samples were prepared.

Type 1

Three grams of rice was boiled in 36 mL of distilled water 
at 100 ºC for 30 minutes. Samples were centrifuged at 2,500 
rpm for ten minutes at room temperature, and filtered. 

Type 2

Five grams of rice was oven-dried at 160 ºC for 30 minutes. 
Three grams of oven-dried rice was boiled in 36 mL of distilled
water at 100 ºC for 30 minutes. Samples were centrifuged at 
2,500 rpm for ten minutes at room temperature, and filtered.
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Type 3
Three grams of rice was soaked in 9 mL of distilled water at 
room temperature for six hours. Samples were centrifuged at 
2,500 rpm for ten minutes at room temperature, and filtered.

A solid concentration (mg/mL) was obtained after 3 mL
of rice water was placed on an aluminum tray and the weights
were measured before and after dehydration at 120 ºC for 
120 minutes. Samples were prepared for the experiments by 
adjusting the concentration with distilled water to 1 mg/mL 
of solid concentration. 

Preparation of glycated proteins
The HSA glycation model 13) was used to evaluate the 

effect of type 1, type 2, and type 3 rice water on glycation. 
25 μL of the samples were added to 125 μL of 0.1 mol/L 
phosphate buffer solution (pH 7.4), 25 μL of distilled water, 
50 μL of 40 mg/mL HSA, and 25 μL of 2.0 mol/L glucose 
(solution A). Distilled water was added instead of the glucose 
of solution A as a blank (solution B). At the same time, distilled
water was added instead of the samples of solution A as a
blank (solution C). A mixed solution containing purified water
instead of the glucose solution of solution C was also prepared
(solution D). 1 mg/mL aminoguanidine (AG) 14), a known
AGE formation inhibitor, was used as a positive control. The 
reaction mixtures were incubated at 60 ºC for 40 hours. 

Measurement of fluorescent AGEs
The volume of fluorescent AGEs after incubation was 

measured as reported previously 13). Concisely, 200 μL of 
the reaction mixture was used to measure fluorescence by 
a Varioscan® Flash microplate reader (Thermo Scientific, 
Waltham, MA) at an excitation wavelength of 370 nm and an 
emission wavelength of 440 nm. The fluorescence intensity 
was calculated as a relative value when the fluorescence 
intensity of 5 μg/mL quinine sulfate was 1,000. The production
inhibition rate (%) of fluorescent AGEs was calculated by 
the following formula.

 Inhibition of fluorescent AGE formation (%) =
 [ 1 −  (A−B) / (C− D)]  × 100

Measurement of total phenolic content (TPC)
TPC was determined according to the Folin–Ciocalteau 

procedure 15) with some modifications that do not change the 
final result. Concisely, 50 μL of the reaction mixture (5 μL 
sample, 20 μL distilled water and 25 μL ethanol) was mixed 
with 250 μL of 0.4 M sodium carbonate followed by 25 μL 
of 50% Folin-Ciocalteau reagent. Distilled water was used 
instead of Folin-Ciocalteau reagent as a blank. The mixtures 
were well mixed and incubated at 30 ºC for 30 minutes. The 
mixtures were then allowed to stand at room temperature for 
another 30 minutes. Absorbance was measured at 660 nm by 
a Varioscan® Flash microplate reader (Thermo Scientific, 
Waltham, MA). TPC was expressed as catechin equivalent 
(µM catechin eq) determined by a calibration curve, which 
was graphed following the same procedure using catechin as 
the standard phenolic compound 15).

Statistical analysis
The measured values are shown as mean ± standard 

deviation. Comparisons between groups were performed in 
measurements using the Tukey’s test. Correlation analysis 
between the measured values was performed using the 
Pearson correlation coefficient. Differences were considered 
significant at P values less than 0.05.

 

Results
Inhibitory effect on formation of AGEs 

The inhibitory effect on the formation of AGEs by type 1,
type 2 and type 3 rice water prepared using 14 rice samples 
(n = 42), and AG are shown in Fig 1. All 42 rice water 
samples inhibited the formation of fluorescent AGEs. Sample 
number 1 showed the highest inhibition on the formation of 
fluorescent AGEs among type 1 rice water samples (66.4 ± 
0.4 %, Fig. 1-a). Sample number 1 also showed the highest 
inhibition on the formation of fluorescent AGEs among 
type 2 rice water samples (66.6 ± 0.7%, Fig. 1-b). Sample 
number 12 showed the highest inhibition on the formation 
of fluorescent AGEs among type 3 rice water samples, 
and among all 42 rice water samples (69.6 ± 0.8%, Fig. 
1-c). There was a significant difference ( p < 0.05) between 
the different types of rice water samples except in sample 
number 1, as shown in Fig 2. Comparing within the groups, 
sample numbers 2 and 3 showed the highest inhibition on the 
formation of fluorescent AGEs in type 1 rice water, sample 
number 1 showed the highest inhibition in type 2 rice water, 
and sample numbers 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14 
showed the highest inhibition in type 3 rice water. Among 
the 14 rice samples studied, all rice water samples (n = 42) 
showed lower inhibition that that of AG.

Total phenolic content (TPC) in rice water
The TPC in type 1, type 2 and type 3 rice water prepared

using 14 rice samples (n = 42) are shown in Fig. 3. All 42 rice
water samples contained phenolic compounds. Sample number
1 showed the highest TPC among type 1 rice water samples 
(94.7 ± 4.9 µM catechin eq), type 2 rice water samples (124.8 
± 7.5 µM catechin eq), and type 3 rice water samples (176.2 
± 3.4 µM catechin eq). Comparing within the groups, sample 
numbers 3 and 11 had the highest TPC in type 1 rice water, 
and sample numbers 1, 2, 4, 5, 6, 7, 8, 9, 10, 12, 13, and 14 
had the highest TPC in type 3 rice water.  

Correlation analysis
Fig. 4 shows the correlation results between the TPC and 

the inhibitory effect on the formation of fluorescent AGEs. 
Fig. 4-a shows that there is a strong positive correlation 
between TPC and inhibition of fluorescent AGEs in type 1
rice water (r = 0.906). Similarly, a strong positive correlation 
was observed between TPC and inhibition of fluorescent 
AGEs in type 2 rice water (r = 0.918, Fig. 4-b). A moderately
strong positive correlation was seen between TPC and
inhibition of fluorescent AGEs in type 3 rice water (r = 0.765,
Fig. 4-c).



0

10

20

30

40

50

60

70

80

In
hi

bi
tio

n 
of

 f
lu

or
es

ce
nt

 A
G

E
s

(%
)

Sample number

1 2 3 8 6 12 14 10 11 4 13 5 7 9

Black rice

Red rice
Mixed rice

Brown rice

White rice

AG

0

10

20

30

40

50

60

70

80

In
hi

bi
tio

n 
of

 f
lu

or
es

ce
nt

 A
G

E
s

(%
)

Sample number

1 2 12 14 10 13 8 9 6 3 5 7 4 11

Black rice

Red rice
Mixed rice

Brown rice

White rice

AG

0

10

20

30

40

50

60

70

80

In
hi

bi
tio

n 
of

 f
lu

or
es

ce
nt

 A
G

E
s

(%
)

Sample number

12 1 8 11 10 2 13 6 14 5 3 9 7 4

Black rice

Red rice
Mixed rice

Brown rice

White rice

AG

_ 165 _

Glycative Stress Research

Fig. 1. Inhibition of fluorescent AGE formation by (a) type 1 rice water and AG, (b) type 2 rice water and AG, 
(c) type 3 rice water and AG.  

 Rice water samples were introduced into glycation models containing 8 mg/mL HSA and 0.2 mol/L glucose. After 40 hours 
incubation at 60 °C, fluorescent AGEs were measured at 370/440 nm. The final concentration of samples was 1 mg/mL and that 
of AG was 0.1 mg/mL. Results are expressed as mean ± standard deviation, n = 3. Sample number; 1, Asamurasaki, 2, Black 
Kodaimai, 3, Dik Vee, 4, Hitomebore, 5, Koshihikari, 6, Kuruluthuda, 7, Ma Vee, 8, Madathavalu, 9, Martin Samba, 10, Mixed 
Kodaimai, 11, Pachchaperumal, 12, Red Kodaimai, 13, Suduru Hel, 14, Yuyakemochi.  AGEs, advanced glycation end products; 
AG, aminoguanidine; HSA, human serum albumin.

a) 

b) 

c) 
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Fig. 2. Comparison of the inhibition of fluorescent AGEs formation by the 3 types of rice water.   
 The final concentration of samples was 1 mg/mL. Results are expressed as mean ± standard deviation, n = 3, *p < 0.05, 
 **p < 0.01 by Tukey’s test. Sample number; 1, Asamurasaki, 2, Black Kodaimai, 3, Dik Vee, 4, Hitomebore, 5, 

Koshihikari, 6, Kuruluthuda, 7, Ma Vee, 8, Madathavalu, 9, Martin Samba, 10, Mixed Kodaimai, 11, Pachchaperumal, 
12, Red Kodaimai, 13, Suduru Hel, 14, Yuyakemochi.  AGEs, advanced glycation end products.

Fig. 3. Comparison of the TPC in the 3 types of rice water.  
 The final concentration of samples was 1 mg/mL. Results are expressed as mean ± standard deviation, n = 3. *p < 0.05,
 **p < 0.01 by Tukey’s test. Sample number; 1, Asamurasaki, 2, Black Kodaimai, 3, Dik Vee, 4, Hitomebore, 5, 

Koshihikari, 6, Kuruluthuda, 7, Ma Vee, 8, Madathavalu, 9, Martin Samba, 10, Mixed Kodaimai, 11, Pachchaperumal, 
12, Red Kodaimai, 13, Suduru Hel, 14, Yuyakemochi. TPC, total phenolic content.
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Fig. 4. Correlation of inhibition of fluorescent AGEs formation to TPC of (a) type 1 rice water, 
 (b) type 2 rice water, (c) type 3 rice water.   
 p < 0.01, r = Pearson correlation coefficient. TPC, total phenolic content; AGEs, advanced glycation end products.

a) 

b) 

c) 
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Discussion
Research background 

In this study, the anti-glycative effect and the TPC of 
three different rice water preparations using 14 rice samples 
was studied. The 14 rice samples included two black rice 
varieties, five red rice varieties, two brown rice varieties, four 
white rice varieties, and one mixed rice variety. Different 
pigmented rice varieties were chosen as previous studies have 
shown various health benefits of pigmented rice compared to 
white rice. Although white rice makes a major contribution 
to the calorific intake of most Asian populations and other 
populations around the world, its nutritional quality is low 
compared to that of pigmented rice varieties 16). Pigmented 
rice have been reported as a potent source of phytonutrients 
including antioxidant compounds, and that they have marked 
health benefits in preventing diabetic complications as 
well 17, 18). Pigmented rice contains a range of bioactive
compounds including phenolic acids and flavonoids 19). 
Several epidemiological studies have suggested that a high 
dietary consumption of polyphenols is associated with a 
decreased risk of various diseases including cardiovascular 
disease 20, 21) and neurodegenerative diseases 22). It has been 
shown that the concentration of phenolic compounds are 
positively associated with the antioxidant activity and could 
aid in the prevention of cancer 23-25). 

Anti-glycation effect as a new functionality 

In this study, rice water, which is a natural, economical 
and simple product was used as the primary test sample. 
Rice water is prepared by different methods with different 
purposes globally, however, it always involves rice grains 
in contact with water. In order to examine which rice water 
preparing method would result in rice water with a higher 
anti-glycative effect, three traditional methods from Sri 
Lanka were replicated in the lab and used in this study to 
prepare the rice water. Type 1 was made by boiling, type 2 
by oven-drying and boiling, and type 3 by soaking in water. 
A study conducted in Japan has shown hair care benefits 
by rinsing with water obtained from the washing of rice 26), 
which is quite similar to the type 3 rice water of this study. 

The anti-glycative effect of rice water was verified by
measuring the inhibitory effect on the formation of fluorescent
AGEs using the HSA glycation model 13). Rice water was 
incubated with HSA and glucose at 60 ºC for 40 hours to 
evaluate its anti-glycative effect. This glycation reaction is a 
non-enzymatic one controlled by reaction temperature and 
time. Previous studies show that the formation of fluorescent 
AGEs at 60 ºC for 40 hours was equivalent to that obtained 
from a reaction time of about 60 days at 37 ºC 27). The positive 
control used when measuring the inhibitory effects of AGEs, 
aminoguanidine (AG), is an inhibitory agent of the glycation 
reaction. AG is an AGE formation inhibitor developed with 
the aim of curing diabetic complications 28). AG blocks the 
carbonyl group in molecules of the intermediate products 
of glycative reactions. However, AG is not approved as a 
medical product in the domestic market, because a side effect 
was recognized in Japan. All 42 rice water samples showed 
an inhibitory effect on the formation of fluorescent AGEs. 
This could be due to the transference to the water of several 

phenolic compounds identified in rice, such as tocopherols, 
tocotrienols and γ -oryzanol 29).

Relationship with total phenolic content (TPC)  
Rice water application has been a popular folk remedy 

for skin lightening, increasing elasticity of skin, and soothing 
sun damage. This study verifies the anti-glycative effects 
of rice water from a viewpoint of skin aging prevention. 
However, there is a significant difference of inhibition values 
between the different types of rice water preparations, and 
between the different varieties of pigmented rice. Type 3 rice 
water showed higher inhibition values in average compared 
to type 1 and type 2 rice water. Black and red rice varieties 
showed higher inhibition values in average compared to 
brown, mixed, and white rice varieties. This suggests that 
the pigment, which is located in the aleurone layer of rice 
contains higher amount of phenolic compounds such as 
anthocyanins 17). A previous study has shown that the TPC 
was positively correlated to the anti-AGE formation capacity 
of different pigmented Thai rice varieties 12). These results 
also agree with previous studies that have reported pigmented 
rice having higher phenolic compounds 17, 30). 

Also in this study, strong positive correlation results 
can be seen between the TPC and inhibitory effect on the 
formation of fluorescent AGEs by all three types of rice 
water. Similar results have been observed in another study 
that shows a positive correlation of the TPC, antioxidant 
activities, and anti-AGEs formation capacity of rice bean 
in China 31). Additionally, similar relationships have been 
observed in garcinol from Garcinia indica fruit rind 32), 
and in Camellia sinensis 33). These results indicate that the 
inhibition of AGEs formation depend on the TPC. Type 3 
rice water showing higher inhibition of fluorescent AGEs 
could be due to the fact that boiling in water led to the loss 
of soluble phenolic compounds in type 1 and type 2 rice 
water. In most rice samples, the type 2 rice water preparation 
method led to lower inhibition rates. This could be due to the 
extreme heat applied to the rice over a longer period of time 
(160 ºC for 30 minutes and 100 ºC for another 30 minutes) 
when compared to the other two rice water preparing 
methods. The extreme heat over a longer period of time 
might have led to a higher loss or degradation of phenolic 
compounds, thus decreasing the inhibition potential of type 
2 rice water. A previous study has shown that cooking of 
rice led to a significant decrease in inhibitory capacity of 
angiotensin I-converting enzyme (ACE) accompanied by a 
relative reduction in the soluble phenolic content 34). These 
results also agree with another study that shows the TPC was 
lower in rice water prepared by the boiling process 7). It has 
also been shown that heat significantly affected the amount 
of phenolic compounds in other foods 35-37). This could also 
be the reason for type 3 rice water to show a moderately 
strong positive correlation with its TPC. It could also be 
that another factor in addition to the TPC is playing a role 
in the inhibition of AGEs in type 3 rice water. However, this 
remains unknown therefore future research efforts should 
be focused on identifying other factors except TPC that 
are responsible for the anti-glycation effect of type 3 rice 
water. 
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Conclusion  
　
This study is the first report on a correlation between 

the inhibition of AGE formation and the TPC in rice water 
of various pigmented and non-pigmented Japonica and 
Indica varieties. This study shows that rice water has an anti-
glycation effect (AGE production inhibitory effect) as a novel 
function. This study also shows that rice water produced 
using pigmented rice varieties have a higher inhibitory effect 
against fluorescent AGE formation, and that there is a strong 
positive correlation between the inhibitory effect and the 
TPC of rice water. Among the traditional manufacturing 
methods, type 3 rice water, produced by soaking rice in water, 
has the strongest action, and among the varieties, sample 
number 1 (Asamurasaki, black Japonica variety) and sample 
number 12 (Red Kodaimai, red Japonica variety) have strong 
actions. A correlation was found between the strength of the 
anti-glycation effect and the TPC content, suggesting TPC 
( i.e., phenolic compounds in rice such as ferulic acid 38)) as a 
component involved. From the above, it was suggested that 
rice water may contribute to beauty and health maintenance 
through its anti-glycation function when topically used on 
skin.
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