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INTRODUCTION
Kefir, as jelly-like grains, is a fermented milk product 
containing lactic acid bacteria, acetic acid bacteria 

and.1,2 Both bacteria and yeasts are surrounded by a 
water-soluble branched glucogalactan called kefiran.1 
Kefir has high nutritional value as a source of proteins 
and calcium.  It has a long tradition of being regarded 
as good for health in many countries.3 It has been 
reported to possess antioxidants.4-6 The ability of the 
antioxidants depended on the substrate sources of the 
fermentation.5,6 It can modulate the intestinal mucosa 
immune response. Kefir is considered as a probiotic 
resource with positive effects on health.
Rice (Oryza sativa, L.) is the most important food  
and agricultural commodity in many countries. Several  
compounds with pharmacological activity have been 
isolated from brown rice including gamma-aminobu-
tyric acid (GABA), alpha-tocopherol, gamma-tocopherol,  
and total phenolic compounds (TPC).7,8 Fermented 
rice showing antioxidant activities has been reported.4,9

Studies on the chemical constituents and the phar-
macological activity of kefir from brown rice milk 
are still limited. This study was therefore, designed 
to investigate the antioxidant activity, total phenolic 
compounds, gamma amino butyric acid, and alpha 
tocopherol contents of brown rice kefir powder from 
three different coloured rice varieties; Khao Dawk  
Mali 105 (white), Red Hawm (red), and Hawm  
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ABSTRACT
Aims: This study aimed to investigate and compare antioxidant activity, biochemical components and sub-
chronic toxicity of brown rice kefir powder from three different coloured rice varieties; Khao Dawk Mali 105 
(KDMLKP, white), Red Hawm (RHKP, red), and Hawm Nil (HNKP, dark purple), with cow milk kefir powder 
(CMKP). Methods: Antioxidant activity performed by using ferric reducing antioxidant power (FRAP) assay and 
2, 2´-diphenyl-1-picrylhydrazyl (DPPH) assay. Biochemical components values including gamma-aminobutyric 
acid and alpha-tocopherol were determined using high performance liquid chromatography, but total phenolic 
compounds was detemined using the Folin-Ciocalteu reagent. Sub-chronic toxicity test, KDMLKP, RHKP and 
HNKP at the doses of 150 mg/kg were given orally to the rats every day for 90 days. Results: Antioxidant 
activity showed that brown rice kefir powders were significantly (p≤0.05) higher than cow milk kefir powder. 
Interestingly, HNKP provided the highest FRAB value and the lowest IC50 of DPPH assay. HNKP had also the 
highest biochemical component values. Repeat administration of KDMLKP, RHKP and HNKP did not produce any 
symptoms of sub-chronic toxicity; mortality, hematological values, and blood biochemistry in the rats. Moreover, 
RHKP produced HDL increasing without CHO, TG and LDL changing in rats.  Conclusions: These data indicate 
that brown rice kefir powders show no sub-chronic toxicity and exhibit more antioxidant activity and biochemi-
cal component values than cow milk kefir powder. Surprisingly, RHKP showed HDL increasing while HNKP had 
the highest potent antioxidant activity and biochemical components. Thus, both rice kefir powders are safe and 
probably a new biochemical resource for health.
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Nil (dark purple) comparing to cow milk kefir  
powder. Moreover, sub-chronic toxicity was con-
ducted to see whether these kefir powders are safe 
for application.

MATERIALS AND METHODS
Rice materials
Khao Dawk Mali 105 (KDML 105), Red Hawm 
(RH), and Hawm Nil (HN) organic brown rice 
harvested during November 2013–January 2014 
from Selaphum District, Roi Et Province, Thailand 
were used for the study. The brown rice was dried, 
weighed, soaked in distilled water (1:5, w:v) at 25°C  
for 2 h, ground thoroughly in a blender and then  
filtered to obtain rice milk. The rice milk was  
pasteurized at 70°C for 15 min. The pastured rice 
milk was immediately cooled to 4°C.

Rice and cow milk kefir fermentation 
and powder
Rice and cow milk kefir fermentation and pow-
der were conducted following the our previ-
ous studied.10 A 0.2  g of freeze-dried kefir 
grain powder from Department of Biotechnol-
ogy, Faculty of Technology, Mahasarakham Uni-
versity, Thailand was inoculated into a 250 mL 
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the gallic acid calibration standard curve, and expressed as milligrams of 
the gallic acid equivalents (mg GAE) per grams of dry weight (g of DW).

Gamma amino butyric acid (GABA) content
GABA content was determined using high performance liquid chroma-
tography (HPLC) as described previously.13 Briefly, 0.5 g of sample was 
suspended in 12 mL distilled water. The suspension was stirred at 4°C 
for 16 h. Independent extractions were performed for each replicate. 
Samples were centrifuged at 15,000 rpm at 10°C for 20 min. The super-
natant was vacuum-dried and then dissolved in 500 µL of distilled water. 
A volume of 50 µL of kefir solution from each of brown rice and cow 
milk kefir solution was added to 10 µL of an internal standard solution 
containing 1.2 mg/mL allyl-L-glycine and 20 µL of 20% (v/v) trimethyl-
amine in 50% methanol (v/v). Mixtures were derived by adding 30 µL of 
phenyl iso-thiocyanate. The samples were then vacuum-dried, reconsti-
tuted in 500 µL of 0.1 M ammonium acetate pH 6.5 (mobile phase A), 
and centrifuged at 13,000 rpm at 10°C for 5 min. The supernatants were 
passed through a 0.22 µm nylon filter.
HPLC analyses were performed using an Alliance Separation Module 
2695 (Waters, Milford, USA), equipped with a Photodiode array detector  
2996 (Waters). Samples (20 µL) were injected onto a C-18 Altima (250 ×  
4.6 mm i.d., 5 µm particle size) column equipped with a guard column, 
both thermo stated at 40°C. The chromatograms were developed at a  
flow rate of 0.7 ml/min by eluting the sample in mobile phase A  
(0.1 M ammonium acetate pH 6.5), and mobile phase B (0.1 M ammonium  
acetate, acetonitrile, methanol, 44/46/10, v/v/v, pH 6.5) as follows:  
isocratic flow 100 % A for 15 min, gradient flow from 100% A to 100% 
B for 27 min, isocratic flow 100% B for 8 min, and finally equilibrated 
with 100% A for 5 min. Data acquisition and integration were performed 
using Empower II software (Waters). GABA was identified by retention 
time and spiking the sample with a standard solution. GABA content 
was quantified by using an external GABA standard calibration curve 
with a linear range over 0–240 µg/µL. All analyses were carried out in 
duplicate. The results were expressed in mg of GABA/100 g of sample on 
dry matter basis (d.m.).

Alpha-tocopherol content
The α-tocopherol analysis was determined using the reversed-phase 
high-performance liquid chromatography (RP-HPLC) method as 
described previously.8 Briefly, the Shimadzu HPLC system (model 
L-6200A) equipped with a Photodiode array detector and a computer 
system was applied. Detection was operated at 292 nm, simultaneously.  
The spectra from 250 to 600 nm were recorded for all peaks. The samples  
were injected through a guard-column and separated on C-18 column 
(4.60 × 150 mm, 4 μm). Gradient elution at ambient temperature was 
used, mobile phase A was methanol, mobile phase B was water, and 
mobile phase C was butanol. The gradient used was: 0–12 min 92% A, 
4% B, and 4% C: 12–25 min linear gradient from 4% B to 3% B, and 4% 
C to 5% C with flow rate of 1.5 ml/min and injection volume of 20 μL. 
The tocopherol was detected at 292 nm. Chromatograms were recorded,  
and peak areas were used to calculate the content of α-tocopherol  
compared with the standard solutions. The results were expressed in mg 
of α-tocopherol/100 g of sample on dry matter basis (d.m.).

Sub-chronic toxicity study
Animal and Experimental design
Sub-chronic toxicity study was conducted in male Wistar rats (180–200 g)  
purchased from National Laboratory Animal Center, Mahidol University,  
Thailand. The rats were kept in an animal laboratory, and acclimated for  
7 days in environmental conditions (23±2°C and 50–55% relative humidity  
under a 12-h light/dark cycle). The rats were fed with a rodent diet  
(Perfect Companion Group Co., Ltd.) with 18% crude protein, and water 

Erlenmeyer flask with 200 mL of Lactobacilli de Man, Rogosa, and  
Sharpe (MRS) Broth (acc. ISO 15214, Merck KGaA, Darmstadt,  
Germany), and incubated under aerobic conditions by the flask was 
placed in a 5L aerobic jar. The sample jars were maintained at 30°C for  
24 h, and then centrifuged (1000×g, 15 min at 4°C) to obtain the micro-
organism cells. The cells were washed and re-suspended in sterile  
saline solution (0.85% NaCl), and then diluted with sterile 0.85% NaCl 
(1:10, v:v) to obtain a subculture kefir starter. The subculture kefir starter 
was inoculated into fresh milk (KDML 105, RH, HN, or cow milk, 
20:200, v:v) and incubated under aerobic conditions at 30°C for 48 h 
to obtain activated kefir grains. The activated kefir grains were cultured 
and fermented by inoculating into KDML 105, RH, HN, or cow milk  
with 2.5% sucrose (100:1000,v:v), and incubated under aerobic condi-
tions at 30°C for 48 h to obtain a final milk kefir samples pH of 4.8–4.9. 
All the milk kefir samples were freeze-dried, powdered and then kept at 
−20°C until be used.

Antioxidant activity tests
Ferric reducing antioxidant power (FRAP) assay
FRAP assay was conducted following the previous studied with slight  
modifications.10 An amount of 200 µL of each kefir solution (0.01 g/mL)  
was mixed with 3 mL of FRAP solution (300 mM acetate buffer, pH 
3.6: 10 mM tripyridyltriazine solution: 20 mM ferric chloride solution 
(in 40 mM HCl) of 10: 1: 1 by volume) and 300 µL of deionized water. 
The mixture was incubated at 37°C for 4 min. The absorbance was then 
measured at 593 nm using an UV-Visible spectrophotometer. The results 
were expressed as millimolar ferrous sulphate per grams of dry weight 
(mM Fe (II) g-1 of DW).

Free-radical scavenging activity (DPPH) assay
The free radical scavenging activity of the kefir solution was determined  
by using a stable 2, 2΄-diphenyl-1-picrylhydrazyl (DPPH) with the  
modified method.11 A total of 100 µL of kefir solution was added into 
100 µL of methanol and 100 µL of 0.1 mM DPPH solution. The mixture  
solution was incubated at room temperature in a dark condition for  
30 min. The absorbance (A) of all samples was measured at 517 nm using 
a microplate photometer. The percentage of inhibition was calculated 
using the following equation:

% inhibition  = [(A517control−A517sample)/ A517control] ×100� (1)

Butylated hydroxyanisole (BHA) dissolved in methanol was analysed as 
control. The DPPH radical scavenging activity was expressed as the IC50 
value; this represented the amount of antioxidant in the kefir solution 
necessary to reduce the initial DPPH concentration by 50%. The IC50 
value was determined from the standard curve of percent scavenging 
plotted against the rice kefir powder solution concentration. All experi-
ments were performed in triplicate.

Biochemical component tests
Total phenolic content (TPC)
The amounts of total phenolic content in the kefir solution were deter-
mined using the Folin-Ciocalteu reagent as described previously12 with 
some modifications.  Gallic acid was used as a standard. Two hundred 
microliters of each kefir solution (0.01 g/mL) was mixed with 3 mL of 
10% Folin-Ciocalteu reagent (diluted 10 fold with distilled water). The 
mixture solution was left at room temperature for 15 min. Then 800 mL 
of 10% (w/v) sodium carbonate solution was added into the mixture 
and left at room temperature for 15 min. The absorbance of all samples 
was measured at 750 nm using an UV-Visible spectrophotometer. The 
experiments were carried out in triplicate. The averages values off the 
content were calculated. The total phenolic content was analysed against 
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ad libitum. All experimental protocols were maintained in accordance 
with the Guidelines of Committee Care and Use of Laboratory Animal  
Research, National Research Council of Thailand and advice of the  
Institutional Animal Care and Use Committee, Mahasarakham University,  
Thailand (License ID: 0008/2014). The rats were randomly divided into  
four groups with 8 rats in each. Group 1 rats received phosphate- 
buffered saline (PBS) (control group), Group 2 rats received 150 mg/kg 
of KDMLKP, Group 3 rats received 150 mg/kg of RHKP, and Group 4 
rats received 150 mg/kg of HNKP, respectively. The kefir powder was 
given orally to the rats every day for 90 days. Symptoms of toxicity and 
mortal rats were observed during the 90 days. Body weight and food 
intake were recorded daily. 
At the end of the experiment, the rats were fasted for 8 h, weighed and 
then euthanized by cervical dislocation technique. Blood samples were 
the drawn from the rat hearts for the determination of blood biochem-
istry and haematological values using commercial kits (Stanbio Liquis 
Color®). The visceral organs including the liver, lung, heart, kidneys, 
and spleen were removed and weighed for a calculation of relative organ 
weight (ROW).
The relative organ weight (ROW) of each animal was calculated using 
the following equation:

ROW = (Absolute organ weight (g))/(Body weight of rat (g)) × 100� (2)

The feed conversion ratio (FCR) of each animal was calculated as follows:

FCR = (Food intake (g))/(Body weight gain (g)) � (3)

Determination of blood biochemistry and haematological values
The blood samples were put into heparinized and non-heparinized 
tubes. The blood from non-heparinized was centrifuged at 1500×g for  
10 min to separate the serum. The serum was assayed for biochemistry  
including total protein (TP), blood sugar (BS), blood urea nitrogen  
(BUN), creatinine (CREA), uric acid (UA), cholesterol (CHO), triglycerides  
(TG), high density lipoprotein (HDL), low density lipoprotein (LDL),  
albumin (Alb), globulin (Glob), total bilirubin (TB), aspartate amino
transferase (AST), alanine aminotransferase (ALT), and alkaline  
phosphatase (ALP).
Heparinized blood was used for haematological analysis including red 
blood cell (RBC) count, white blood cell (WBC) count, haematocrit  
(Hct), haemoglobin (Hb), mean corpuscular volume (MCV), mean  
corpuscular haemoglobin (MCH), mean corpuscular haemoglobin  
concentration (MCHC), platelets (Plt), neutrophils (Neu), and lymphocytes 
(Lym).

Statistical analysis
The results were presented as mean±SEM and analysed by one-way 
ANOVA. The differences among means were detected using Duncan’s 
Multiple Range Test. The mean values of GABA were analysed using the 
Independent t-test. The values of p≤0.05 were considered as statistically 
significant.

RESULTS
Antioxidant activity
Ferric reducing antioxidant power (FRAP) values
All the rice of kefir powders showed FRAP values significantly (p<0.05) 
higher than cow milk kefir powder. HNKP produced the highest FRAP  
value of 119.85±1.55mM FeSO4/g DW. CMKP produced the lowest  
FRAP value of 9.93±0.61 mM FeSO4/g DW. RHKP and KDMLKP  

produced FRAP values of 51.63±.57 and 47.57±0.63 mM FeSO4/g DW, 
respectively (Table 1).

IC50 of DPPH free radical scavenging
HNKP possessed the highest antioxidant activity with IC50 of 15.66±2.84 
mg/mL. In contrast, CMKP possessed the lowest antioxidant activity 
with IC50 of 154.85±9.87 mg/mL. KDMLKP and RHKP showed IC50 of 
37.14±1.15 and 66.30±3.11 mg/mL, respectively (Table 1).

Biochemical components
Gamma amino butyric acid (GABA) content
GABA content was found in HNKP and RHKP. HNKP processed GABA 
significantly (p<0.05) higher than RHKP (10.87±0.01 vs. 7.34±0.02 
mg/100 g DW). Unfortunately, GABA content was not found in 
KDMLKP and CMKP (Table 1).

Alpha-tocopherol (α-tocopherol) content
HNKP showed the highest α-tocopherol content of 2.01±0.01 mg/100 g 
DW. On the other hand, RHKP showed the lowest α-tocopherol content 
of 0.63±0.01 mg/100 g DW. KDMLKP and CMKP showed α-tocopherol 
of 1.61±0.02 and 1.02±0.01 mg/100 g, respectively (Table 1). 

Total phenolic content (TPC)
HNKP showed the highest TPC of 29.88±0.81 mg GAE/g DW. In  
contrast, CMKP showed the lowest TPC of 1.57±0.28 mg GAE/g DW. 
KDMLKP and RHKP had TPC of 9.33±1.16 and 8.13±0.20 mg GAE/g 
DW, respectively. All the rice kefir powders showed TPC significantly 
(p<0.05) higher than CMKP (Table 1).

Sub-chronic oral toxicity
Body weight gain, food intake and FCR
KDMLKP, RHKP, and HNKP did not produced any change in body 
weight gain and food intake of the kefir treated rats compared to those in 
the control groups (Figure 1 A and B). However, KDMLKP showed FCR 
better than PBS and RHKP, but not HNKP (Figure 1 C).

Symptoms of toxicity, rat mortality and ROW
All kefir powders did not develop any symptoms of toxicity and mortality  
in the Wistar rats. Moreover, all the kefir powders produced ROW in the 
treated rats same to that in the control group (Figure 2).

Blood biochemistry
All rice kefir powders did not alter BS, BUN, CREA, UA, Alb, TP,  
Glob, AST, ALT, and ALP in the treated rats compared to those in the 
control group (Table 2 and 3). Nevertheless, RHKP decreased TP values 
in the treated rats. In addition, KDMLKP and HNKP provided CHO, 
TG, HDL, and LDL in the treated rats similar to those in control group. 
However, RHKP produced HDL in the treated rats higher than that in 
the controls (Table 4).

Haematological values
KDMLKP, RHKP and HNKP produced any change in WBC, RBC,  
Hb, Hct, Plt, Neu, and Lym in the treated rats compared to those in the 
control group or with PBS to Table 5.

DISCUSSION 
Antioxidants play an important role to neutralize the excess of free radicals,  
to protect the cells against their toxic effects and contribute to disease 
prevention. Application and investigation of antioxidants are come up 
increasingly and frequently as they are good for health. The results of 
antioxidant activity from FRAP assay and DPPH free radical scavenging 
assay showed that rice kefir powders had antioxidant activity higher than 
cow milk kefir powder. These results are in line with a previous studied 
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Table 1: Antioxidant activity and biochemical component values of CMKP, KDMLKP, RHKP, and HNKP

Contents CMKP KDMLKP RHKP HNKP

Antioxidant activity

IC50 of DPPH free radical scavenging 154.85 ± 9.87d 37.14 ± 1.15b 66.30 ± 3.11c  15.66 ± 2.84a

FRAB values (mM FeSO4/g DW) 9.93 ± 0.61d 47.57 ± 0.63c 51.63 ± 0.57b 119.85 ± 1.55a

Biochemical components

GABA (mg/100g) Not detected Not detected 7.43 ± 0.02b* 10.87 ± 0.01a*

Alpha-tocopherol (mg/100g) 1.02 ± 0.01c 1.61 ± 0.02b 0.63 ± 0.01d 2.01 ± 0.01a

Total phenolic content (mg GAE/g DW) 1.57 ± 0.28c 9.33 ± 1.16b 8.13 ± 0. 20b 29.88 ± 0.81a

Mean values within each row with different superscripts are significantly different, Duncan’s test at p≤0.05 without 
the GABA values. Mean values within each row of GABA values with different superscripts are significantly different, 
t-test at p≤ 0.05.

Figure 1: Body weight gain (A), food intake (B), and FCR (C) in rats treated 
with KDMLKP, RHKP, and HNKP compared to those in control (PBS) after 
the sub-chronic toxicity study (90 days). Mean values with different letters 
are significantly different, Duncan’s test at p≤0.05

Figure 2: Relative organ weight in rats treated with PBS, KDMLKP, RHKP, 
and HNKP after the sub-chronic toxicity experiment (mean±SEM)

who found that rice kefir milk had antioxidant activity higher than cow 
kefir milk4. Interestingly, HNKP had the highest antioxidant activity. The 
highest antioxidant activity of HNKP in this study supports the current 
study, who reported that the highest total antioxidant capacity was found 
in dark purple or black rice.7,8 Moreover, high antioxidant product also 
had effect to RBC membrane stabilization.14 

Rice kefir powder showed the biochemical components including 
GABA, α-tocopherol and TPC higher than CMKP. Especially, HNKP 
had the highest GABA, α-tocopherol and TPC. These results may be due 
to the biochemical components presence in dark purple or black rice is 
higher than those in red and white colour rice.8 GABA is a non-protein 
amino acid, known as one of the main inhibitory neurotransmitters in  
the sympathetic nervous system, and it plays an important role in cardio
vascular functions.15 Tocopherol is the major lipophilic fraction of whole 
grain rice and its health-beneficial potential has been proposed.16 In 
the present study, all the rice kefir powders showed the amount of TPC 
higher than non–fermented brown rice reported on previous work.7,8 
The antioxidant activity of rice kefir powder related to the concentra-
tions of TPC. This result supported the current study, who found that 
the bran rice colour had high correlations between concentrations of 
TPC and antioxidant activity.17 The majority of phenolic compounds 
are bound covalently to cell wall component.18 Hawm Nil rice contains 
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Table 2: Blood biochemistry; BS, BUN, CREA, UA, TP, Alb, and Glob in the rats treated with PBS and kefir powder after the  
sub-chronic toxicity study

Groups
BS 

(mg/dl)
BUN 

(mg/dl)
CREA (mg/dl)

UA 
(mg/dl)

TP 
(g/dl)

Alb 
(g/dl)

Glob 
(g/dl)

PBS 259.50 ± 4.99 20.03 ± 0.92ab 0.97 ± 0.06 2.82 ± 0.25 6.08 ± 0.09b 2.97 ± 0.07 2.62 ± 0.49

KDMLKP
(150 mg/kg)

135.00 ± 8.57 18.80 ± 1.44ab 0.90 ± 0.06 1.88 ± 0.31 5.43 ± 0.17ab 2.67 ± 0.14 2.77 ± 0.18

RHKP
(150 mg/kg)

193.25 ± 5.84 21.90 ± 0.69b 0.97 ± 0.08 2.15 ± 0.40 4.37 ± 1.22a 2.92 ± 0.14 2.70 ± 0.18

HNKP
(150 mg/kg)

245.67 ± 6.79 18.38 ± 0.44a 0.97 ± 0.02 2.73 ± 0.50 5.40 ± 0.15ab 2.48 ± 0.20 2.75 ± 0.18

Mean values within each column with different superscripts are significantly different, Duncan’s test at p≤0.05. Abbreviations: blood sugar (BS), 
blood urea nitrogen (BUN), creatinine (CREA), uric acid (UA), total serum protein (TP), albumin (Alb), globulin (Glob).

Table 3: Blood biochemistry; AST, ALT, and ALP in the rats treated with PBS and kefir powder after the sub-
chronic toxicity study

Groups
AST 

(U/L)
ALT 

(U/L)
ALP 
(U/L)

PBS 123.50 ± 8.58ab 46.67 ± 1.58 93.67 ± 8.64

KDMLKP
(150 mg/kg)

112.67 ± 9.61ab 46.67 ± 3.23 86.00 ± 6.98

RHKP
(150 mg/kg)

140.25 ± 11.91b 47.50 ± 4.09 100.75 ± 7.86

HNKP
(150 mg/kg)

108.00 ± 9.61a 48.33 ± 4.68 82.50 ± 5.95

Mean values within each column with different superscripts are significantly different, Duncan’s test at p≤0.05. Abbreviations: 
serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT) and alkaline phosphatase (ALP).

Table 4: Lipid profile in rats treated with PBS and kefir powder after sub-chronic toxicity study

Groups Lipid profiles (mg/dl)

CHO TG HDL LDL

PBS 51.17 ± 2.31 146.17 ± 5.87ab 17.73 ± 0.68a 28.17 ± 1.70

KDMLKP
(150 mg/kg)

44.50 ± 3.79 162.33 ± 9.26ab 16.88 ± 0.88a 21.83 ± 1.51

RHKP
(150 mg/kg)

43.50 ± 4.55 183.25 ± 7.74b 22.52 ± 0.95b 22.75 ± 1.65

HNKP
(150 mg/kg)

43.00 ± 3.44 119.17 ± 6.72a 19.02 ± 1.84ab 22.17 ± 2.84

Mean values within each column with different superscripts are significantly different, Duncan’s test at p≤0.05. Abbrevia-
tions: Cholesterol (CHO), triglycerides (TG), high density lipoprotein (HDL), and low density lipoprotein (LDL).

Table 5: Haematological values in the rats treated with PBS and kefir powder after sub-chronic toxicity study

Groups
WBC 

(103cell/mm3)
RBC 

(106cell/mm3)
Hb 

(g/dl)
Hct 
(%)

Plt 
(103cell/mm3)

Neu 
(%)

Lym 
(%)

PBS 7.33 ± 0.86 10.15 ± 0.42 17.15 ± 0.56 51.83 ± 1.62 808.17 ± 25.15 19.17 ± 2.84 76.33 ± 3.86

KDMLKP 7.13 ± 0.88 9.73 ± 0.41 16.87 ± 0.46 51.00 ± 1.57 888.50 ± 37.04 20.83 ± 2.87 76.83 ± 2.62

(150 mg/kg)

RHKP 4.95 ± 0.77 9.67 ± 0.25 16.70 ± 0.52 51.00 ± 1.68 866.50 ± 31.20 15.25 ± 2.21 81.25 ± 1.65

(150 mg/kg)

HNKP 5.10 ± 0.99 9.48 ± 0.34 16.00 ± 0.42 48.50 ± 1.50 890.17 ± 26.28 19.17 ± 3.88 76.17 ± 3.75

(150 mg/kg)

Abbreviations: white blood cells (WBC), red blood cells (RBC), haemoglobin (Hb), haematocrit (Hct), platelets (Plt) neutrophils (Neu), lympho-
cytes (Lym).
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high amounts of anthocyanins, a class of phenolic compound.19 Some 
phenolic compounds are thought to be hydrolysed from their attached 
macromolecule by intestinal enzymes and reach the colon intact where 
they are released by colonic microflora.20

Toxicity tests of medicines or plant products should be carried out to 
see whether they are safe for human application.21-23 This study showed  
the low dosage (150 mg/kg) with a long period administration for  
90 days of KDMLKP, RHKP, and HNKP employing in the present study 
did not affect body weight gain, food intake, haematological values, and 
blood biochemistry including BS, BUN, CREA, UA, TP, Alb, Glob, AST, 
ALT, and ALP. Blood biochemistry including BS, BUN, CREA, UA, TP, 
Alb, and Glob are reported to involve in renal function. AST, ALT, and  
ALP are enzymes involved in the hepatic function.24 These results indi-
cated that all the rice kefir powders had not effect on hepatic and renal 
dysfunctions. Thus, the assumption might be these rice kefir powders 
had no sub-chronic oral toxicity in normal rats. However, KDMLKP 
showed increasing feed conversion efficiency in rats. Surprisingly, RHKP 
produced HDL in the treated rats higher than that in the other groups 
without alteration in the levels of CHO, TG and LDL. HDL–cholesterol 
is a good type of cholesterol which removes the bad cholesterol from 
the blood stream rather than depositing in the arteries.25 HDL has been 
reported to reduce the risk of cardiovascular diseases. HDL exerts its 
cardio-protective levels including prevention of LDL oxidation, vascular  
inflammation, thrombosis, and increase in number of endothelial  
progenitor cells.26,27 Moreover, our previous studied finding indicate that 
the kefir powders from brown rice; Khao Dawk Mali 105, Red Hawm  
and Hawm Nil exhibited non acute toxicity with LD50 higher than  
4,000 mg/kg10 and repeat administration for 14 days at the doses of  
500 mg/kg form three brown rice kefirs exerted non sub-acute toxicity.28 
In addition, the literature review also be documented that the extract  
produce from rice hull provided the production of inflammatory  
mediators decreasing.29 Thus, the rice kefir powder from brown rice is 
safe and might decrease the inflammatory mediator productions.

CONCLUSION
This study is the first report about antioxidant activity, biochemical  
components and sub-chronic oral toxicity of rice kefir powders. The rice 
kefir powders provided antioxidant activity, GABA, α-tocopherol, and 
TPC higher than cow milk kefir powder. Repeat administration of KDML 
105 rice kefir powder, Red Hawm rice kefir powder and Hawm Nil rice 
kefir powder at a dose of 150 mg/kg for 90 days shows no sub-chronic 
toxicity. Surprisingly, Red Hawm rice kefir powder increases HDL in rats  
while Hawm Nil rice kefir powder had highest potent antioxidant activity  
and biochemical components. Thus, both rice kefir powders are safe and 
probably a new and a good biochemical resource for human health.
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ABBREVIATIONS USED
KDML: Khao Dawk Mali 105 rice; RH: Red Hawmrice; HN: Hawm 
Nil rice; KDMLKP: Khao Dawk Mali 105 kefir powder; RHKP: Red 

Hawm kefir powder; HNKP: Hawm Nil kefir powder; CMKP: cow 
milk kefir powder; FRAP: ferric reducing antioxidant power; DPPH:2, 
2΄-diphenyl-1-picrylhydrazyl; GABA: gamma-aminobutyric acid; TPC: 
total phenolic compounds; MRS: de Man, Rogosa, and Sharpe; BHA: 
Butylated hydroxyanisole; GAE: gallic acid equivalents; HPLC: high 
performance liquid chromatography; RP-HPLC: reversed-phase high-
performance liquid chromatography; PBS: phosphate-buffered saline; 
ROW: relative organ weight; FCR: feed conversion ratio; TP: total  
protein; BS: blood sugar; BUN: blood urea nitrogen; CREA: creatinine;  
UA: uric acid; CHO:cholesterol; TG:triglycerides; HDL:high density  
lipoprotein; LDL: low density lipoprotein; Alb: albumin; Glob: globulin;  
TB: total bilirubin; AST: aspartate aminotransferase; ALT: alanine  
aminotransferase; ALP: alkaline phosphatase; RBC: red blood cell; 
WBC: white blood cell; Hct:haematocrit ; Hb: haemoglobin; MCV: 
mean corpuscular volume; MCH:mean corpuscular haemoglobin; 
MCHC: mean corpuscular haemoglobin concentration; Plt: platelets; 
Neu: neutrophils; Lym: lymphocytes; DW: dry weight; IC50: half maximal 
inhibitory concentration.
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GRAPHICAL ABSTRACT SUMMARY
•  This paper is the first report about antioxidant activity, biochemical compo-

nents, and sub-chronic oral toxicity of brown rice kefir powders. 
•  The kefir powders were prepared from three different  

colored rice varieties, Khao Dawk Mali 105 (KDMLKP, whit), Red Hawm (RHKP, 
red), and Hawm Nil (HNKP, dark purple or black).

•  Antioxidant activity was performed using ferric reducing antioxidant power 
(FRAP) assay and free-radical scavenging activity (DPPH) assay.

•  Biochemical components values including gamma-aminobutyric acid (GABA), 
alpha-tocopherol and total phenolic compounds of these kefir powders were 
determined.

•  Sub-chronic oral toxicity of brown rice kefir powders was studied by repeat 
administration of KDMLKP, RHKP and HNKP at the doses of 150 mg/kg for 
90 days on Wistar rat models. These data are important for rice products de-
veloping.
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