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Abstract: To study the effect of amylose content and Pre-germinated brown rice (PGBRL) on blood

glucose and lipids, streptozotocin induced diabetic rats were fed on two cooked Egyptian rice varieties

Giza175 high amylose 24.49 % for brown and 29.63% for white and Giza 181 low amylose 18.18

% for brown and 21.07 % for white. Pre-germinated brown rice (PGBRL) prepared from rice low

amylose by immersing in water for 3 and 24 h before cooking and bread making from rice low

amylose. The body weight loss was observed in the rats fed on cooked brown rice high amylose,

PGBRL 3h and rice bread .Serum blood glucose and lipids lowering effect was observed in fed

cooked rice high amylose compared to diabetic control rats. Feeding on cooked PGBRL caused some

improvement in both blood glucose and lipids compared to diabetic control. These results suggest that

the feeding with cooked rice high amylose instead of cooked rice low amylose may be effective to

control serum blood glucose and lipids. Cooked (PGBRL) ameliorated the elevation of serum blood

glucose and lipids.  
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INTRODUCTION

Rice competes closely with wheat as the world most important food crop. It is grown in more than 100

countries including Egypt, when compared with other cereals, it has the highest food yield. Regarding to wheat

and maize, rice supplies more than half of all the calories humans consume. Starchy foods with high amylose

level are associated with lower blood glucose level and slower emptying of the human gastrointestinal

compared to those with low levels of this macromolecule (Frei et al., 2003). Animals undergoing treatment

with low amylose content presented higher postprandial blood glucose responses than did the animals

undergoing treatment with intermediate and high amylose contents (Cristen et al., 2007). Resistant starch occur

in high amylose during food processing such gelatinized starch the granules have crystalline regions that less

susceptible to digestion by acid or á-amylase enzyme.  

The physiological functions of resistant starch include improving glycemic response, reduced risk of

developing diabetes, heart disease and modulating fat metabolism that could conceivably decrease fat

accumulation in the long term. high resistant starch in Japonica rice diet reduced glycemic and insulinemic

responses of normal rats, reduces serum cholesterol and creatinine of streptozotocin induced diabetic rats

compared to the corn starch diets after 4 weeks feeding (Shin et al., 2007). Brown rice has an outer layer of

bran, which is an excellent source of protein, fiber, fat and vitamin E, as oryzanol, the non saponifable oil

fraction that have been implicated as factors in lowering cholesterol (Lin et al., 2003). Pre-germinated brown

rice was better than white rice to prevent the rapid increase of postprandial blood glucose concentration without

increasing insulin secretion in humans (Ito et al., 2005). Dietary pre-germinated brown rice (PGBR) as well

as brown rice (BR) had effect on hyperlipidimia and cholesterol metabolism by improving abnormal serum

lipoprotein profiles;(VLDL+LDL)- cholesterol, leading to significant reduction in total cholesterol level (Miura

et al., 2006). Blood glucose levels after 3 weeks of the diabetic pre-germinated brown rice group were

significantly lower than those of diabetic white rice and diabetic brown rice (Usuki et al., 2007). High resistant

starch (RS) reduced total cholesterol, LDL-cholesterol while HDL-cholesterol and Triglyceride no significant

change (Mitra et al., 2007). The diets including pre-germinated brown rice (PGBR) may be useful to control
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blood glucose level, improved serum total cholesterol and triglyceride. At equal dietary levels, ã-oryzanol has

greater effect on lowering plasma LDL- cholesterol and rising plasma HDL- cholesterol (Wilson et al., 2007).

MATERIALS AND METHODS

A. Materials:

Rice Giza 175, Giza 181(Oryz sativa) were obtained from Crops Research Institute, Agric. Research,

Center, Giza, Egypt

B. Methods:

1. Preparation of Germinated Brown Rice (GBR):

Germinated brown rice (GBR) were prepare according to (Komatsuzaki, 2007).

2. Preparation of Rice Bread:

Fine whole meal rice flour was treated hydro-thermally (as a preliminary study) to reach the optimum ratio

of added water (30, 40, 50, 60, 70, 80, 90 and 100%) and heating times on hotplate (2, 4, 6, 8 and 10 min.),

for preparing of bread dough. The pregelatinized dough was divided into 50 g portion and each portion was

shaped into thin flat dough (15 cm diameter) and baked at 250ºC for 5 minutes. The produced loaves were

left to cool at room temperature.

3. Determination of Soluble and Insoluble Dietary Fiber:

Soluble and insoluble dietary fiber were determined according to the method described in by Asp et al.

(1983)

4. Determination of Amylose Content:

Amylose was determined using the method outlined by Juliano (1971) 

5. Determination of Oryzanol Content: 

Oryzanol content was determined using the method outlined by (Evershed et al., 1988).

Biological Experiments:

C. Animal:

Forty five (45) adult male albino rats weighing 160 to 185 g were obtained from Helwan station for

experimental animals Helwan, Cairo, Egypt. The animals were fed for one week for adaptation in the

experimental animal cages. After the adaptation period, the rats were divided into nine groups of five rats each,

and fed on basal diet for seven days as described by (Reeves et al., 1993).

Two groups served as control (one diabetic) and one normal rats group and the diabetic rats group were

fed on cooked rice from brown rice high and low amylose, white rice high and low amylose, pre-germinated

brown rice for 3 h soaking and pre-germinated brown rice for 24 h soaking. One diabetic rats group was fed

on rice bread. The animals were fed on experimental diet for 5 weeks.

Biological Analysis:

Serum glucose was determined according to the method described by (Passing and Bablok, 1983). Urea

in serum was determined according to the method by (Shephard and Mezzachi, 1983). Creatinine in serum was

determined according to the method described by Tietz (1986). Total lipids in serum were determined according

to the method described by Zollner and Kirsch (1962). Serum triglyceride was determined according to the

method described by Fossati and Prencipe (1982). Serum cholesterol was determined according to the method

described by Richmond (1973). Serum HDL-cholesterol was determined according to the method described by

Loopez-Virella (1977). Serum LDL- cholesterol was determined according to the method described by Wieland

and Seided (1983). Serum aspartate transferase (sAST) activities and Serum alanine transferase (sALT)

activities were measured calorimetrically according to the method described by Reitman and Frankel (1957).

Statistical Analysis:

Statistical analysis was carried out according to Fisher (1970). LSD was used to compare the significant

differences between means of treatment (Waller and Duncan, 1969) 
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RESULTS AND DISCUSSION

Biological Evaluation:

In order to study the biological effect of cooked rice and rice bread diets on serum glucose level, serum

lipid, liver and kidney function in diabetic rats

Body Weight Gain and Growth:

Table (1) shows the growth response, total body weight gain g /5 week, food intake and food efficiency.

1 1The results indicated that, the G  (normal control  fed on basal diet) had the highest total body weight gain

2 2(7.0 g/5 week). While G  (diabetic control ) fed on basal diet significantly decreased in body weight gain (20.2

3 5 7 8 9g/5 week). On the other hand, gain of the weight of the other groups G , G , G , G  and G  were significantly

lowered in body weight gain but there are no significant changes between them.

4Concerning to G  which fed on cooked brown rice low amylose (CBRL) it found slightly decreased in

6gain weight 4.5 g/5 week. Main while G  which fed on cooked white rice low amylose (CWRL) significantly

increased 2.0 g/5 week in body weight gain. It clear that white rice low amylose increased body weight gain

compared other groups.

Concerning to total food intake, the results are shown in the same table. The total food intake was

2 2significantly decrease in G  (diabetic control ) by 33 %, compared with normal control (G1).

Table 1: Initial, Final body weight, body weight gain and food Efficiency ratio.

Groups Initial body Final body body weight Total food food efficiency

weight (g) weight (g) gain (g) / 5 week intake (g/day) ratio %

G1 167.5±7.6 174.5± 6.6 +7.0±1.2 462.7±26.0 1.5± 0.2b a c a c

G2 170.3±8.0 150.0±7.0 -20.2±1.6 348.6± 28.3 -5.8±0.6ab  b a c a

G3 181.7±8.6 171.8±7.9 -10.0±1.2 450.4± 31.1 -2.3± 0.2a a b ab b

G4 182.3±9.1 177.8±8.2 -4.5±1.7 440.6± 31.3 -1.0± 0.47a a d ab cd

G5 180.5± 8.7 171.3±7.9 -9.24±2.5 430.9±30.8 -2.1 ±0.6a a b ab b

G6 171.8±7.8 173.8±8.1 +2.0±0.7 420.0 ± 31.2 0.5±0.2ab a e ab d

G7 180.0±8.6 170.0±7.9 -10.0±1.7 425.9± 31.1 -2.4± 0.5a a b ab b

G8 177.0±8.0 167.5±7.6 -9.5±1.5 412.4±31.6 -2.3± 0.4ab a b b b

G9 182.0±8.8 172.0±7.8 -10.0± 2.6 416.5± 31.0 -2.4± 0.8a a b  b b

LSD at 5% 10.712 9.870 2.217 38.894 0.594

1 2G1: Normal rats (control )  fed on basel diet,   G2: diabetic rats ( control  ) fed on basel diet, G3: :rats fed on cooked brown rice high

amylose (CBRH), G4: rats fed on cooked brown rice low amylose (CBRL), G5: rats fed on cooked white rice high amylose (CWRH),

G6: rats fed on cooked white rice low amylose (CWRL), G7 : rats fed on cooked pr-germinated brown rice low am ylose after 3 hour

of germination (CPGBRL), G8 : rats fed on cooked pre-germinated brown rice low amylase after 24 hour of germination  (CPGBRL),

G9 ; rats fed on rice bread from brown rice low amylose (R B).

 

It is well known that, feed efficiency measured the correlation between gain in body weight and feed

intake as the amount of gain in weight in g/g of food given over a period of time.

The calculated data of feed efficiency ratio (FER) for groups are summarized in table (1). It is observed

2 2that, the food efficiency ratio of G (diabetic control ) was lowered than that of all other groups by 5.82%,

1 1 6 while G (normal control ) had the highest value of FER 1.50%. Followed G which fed on cooked white rice

low amylose 0.47%.Cristiane et al. (2007) reported that the different amylose contents did not effect on food

intake and body weight.

Effect of Feeding with Diets Containing Cooked Rice High or Low Amylose and Rice Bread on Serum

Blood Glucose of Normal and Diabetic Rats:

Table (2) summarized the effect of cooked rice high and low amylose, cooked pre-germinated brown rice

3 5and rice bread on blood glucose. The data revealed that G  and G  which fed on cooked brown rice (CBRH)

and white rice high amylose (CWRH) significantly decreased serum glucose level by 27 and 25%, respectively.

4 9Compared with G  and G , which were fed on cooked brown rice low amylose (CBRL) and rice bread (R.B).

7 8From the same table showed that G  and G  which fed on cooked pre-germinated brown rice low amylose

(PGBRL) 3 and 24 h decreased serum glucose by 22 and 23%, respectively. It also observed that feeding on

white rice low amylose (CWRL) G6 caused increased in serum blood glucose level by 2.4%. 

It is clear that feeding on rice high amylose reducing serum glucose level than rice low amylose. While

pre-germinated rice low amylose before cooking, this process ameliorated the serum glucose. All treated rats

were improved relative to the diabetic control but these treated rats are still more than normal control animal.

The results agreed with Lee et al. (2005) and Cristen et al. (2007) reported that the diet with high amylose

content lowered blood glucose level may be due to technological characteristics of high gelatenization
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temperature, high minimum cooking time. Mitra (2007) reported that the high resistant starches (R.S) containing

rice reduced fasting blood glucose. This may be due to the resistant starches behaves as dietary fiber which

reduce blood glucose level. Hagiware et al. (2004); Seki et al. (2005); Usuki et al. (2007) and Dinesh et al.

(2009) reported that  the pre-germinated brown rice PGBR as well as brown rice ameliorated the blood glucose

level in diabetic rats compared with diabetic rats fed on white rice. These effects may be based on higher

content of dietary fiber, ã-aminobuteric (GABA) and other unknown factors. Daniel (2008) said that pre-

germinated brown rice helps lower diabetic blood glucose level, may be by the action of acylated steryl

glucoside (ASG) (normalizes) dysfunctional enzymes and helps control blood glucose level in diabetic. ASG

is a growth factor found in brown rice after germination. This factor works is by increasing levels of good

enzymes that are decreased in diabetes.

Table 2: Serum glucose level (mg /dl) in norm al and diabetic rats during experimental period.   

Zero time After After After After After Serum  glucose

Groups 1 week 2 week 3 week 4 week 5 week reduction %

G1 88.8±8.4b 89.55±7.3b 89.0±7.7c 90.8±8.4d 89.3±8.5 e 88.0±8.0 d -

G2  217.3±5.5a 221.0±4.2a  222.3±8.1a  233.8±9.8a 243.3±11.3a  250.0±16.5 +15

G3 220.2±4.7a 208.8±10.2a 198.6±13.4b 178.0±11.4bc 163.3±14.7d 160.3±12.3c -27

G4 218.0±13.2a 210.5±13.7a 199.0±13.1b 185.0±12.8bc 181.8±12.6c 173.0±12.2c -21

G5 213.0±13.2a 206.8±11.8a 199.5±13.1b 174.0±12.3c 164.3±11.7d 160.3±11.7c -25

G6 217.0±13.0a 217.8±13.1b 219.3±13.2a 220.0±13.2a 221.0±13.3b 222.3±13.2b +2.4

G7 215.8±13.1a 208.3±13.3a 197.0±13.1b 184.8±12.7bc 172.5±12.4cd 167.8±12.0c -22

G8 213.3±13.2a 205.8±14.1a 198.8±13.1b 189.5±12.9bc 174.5±12.6cd 163.3±11.4c -23

G9 212.0±13.3a 206.0±14.1a 201.8±13.1b 194.0±13.0 b 178.5±11.7cd 168.0±11.9c -21

L.S.D 5 % 14.57 13.98 15.62 15.31 15.63 15.78 -

1 2G1: Normal rats (control )  fed on basel diet,   G2: diabetic rats ( control  ) fed on basel diet, G3: :rats fed on cooked brown rice high

am ylose (CBRH), G4: rats fed on cooked brown rice low amylose (CBRL), G5: rats fed on cooked white rice high amylose (CW RH),

G6: rats fed on cooked white rice low amylose (CWRL), G7 : rats fed on cooked pr-germinated brown rice low am ylose after 3 hour

of germination (CPGBRL), G8 : rats fed on cooked pre-germinated brown rice low amylase after 24 hour of germination  (CPGBRL),

G9 ; rats fed on rice bread from brown rice low amylose (R B).

Effect of Feeding with Diets Containing Cooked Rice High or Low Amylose and Rice Bread on Serum Lipid

Fractions of Normal and Diabetic Rats:

Table (3) represent the level of total cholesterol, HDL-cholesterol and LDL-cholesterol in normal and

diabetic rats fed on cooked rice high, low amylose, pre-germinated brown rice low amylose and rice bread.

2 2It could be observed that total cholesterol are significantly increased in G (diabetic rats control ) by 160%

1 1 3 4compared to G (normal control ). However, G , G  which fed on cooked brown rice high (CBRH) and brown

rice low amylose (CBRL) significant lowered serum total cholesterol by 37 and 33%, respectively. Main while

5 7 8G , G  and G  which fed on cooked white rice high amylose (CWRH), cooked germinated brown rice low

amylose 3h and 24 h (PGBRL) did not had significant differences between them.

Table 3: Serum  total cholesterol, HDL-cholesterol and LDL- cholesterol in normal and diabetic rats.

Groups Total cholesterol HDL-cholesterol LDL-cholesterol

------------------------------------------- ------------------------------------- --------------------------------------

mg/dl % mg/dl % mg/dl %

G1 91.8±8.3 - 50.5±5.8 - 20.5±3.0 -d a g

G2 238.8±14.3 +160 23.0±1.9 -55 168.3±8.5 +721a f a

G3 150.0±8.0 -37 42.0±2.6 +83 72.7±4.3 -57c b f

G4 160.0±8.1 -33 39.75±2.1 +73 86.9±5.2 -48c bc de

G5 163.0±8.2 -32 37.5±1.8 +63 83.6±5.4 -50b c e

G6 172.5±8.1 -28 27.3±1.9 +19 102.9±5.3 +401b e b

G7 163.50±8.3 -32 32.8± 2.4 +42 91.4±5.6 -46b d cd

G8 164.0±8.5 -31 33.2±2.2 +45 92.8±5.2 -45b d cd

G9 170.5±7.9 -29 33.0±1.9 +44 97.6±6.0 -42b d bc

L.S.D 5% 11.62 - 3.53 - 7.14 -

1 2G1 :Normal rats (control )  fed on basel diet, G2 :diabetic rats ( control  ) fed on basel diet, G3 :rats fed 

on cooked brown rice high amylose (CBRH), G4 : rats fed on cooked brown rice low amylose (CBRL), G5 :   rats fed on cooked white

rice high amylose (CW RH), G6 : rats fed on cooked white rice low amylose (CW RL), G7 : rats fed on cooked pr-germinated brown rice

low amylose after 3 hour of germination (CPGBRL), G8 : rats fed on cooked pre-germinated brown rice low amylose after 24 hour of

germination  (CPGBRL), G9 ; rats fed on rice bread from brown rice low am ylose (RB).  

2 2Regarding to HDL-cholesterol, it observed that serum HDL-cholesterol of G  (diabetic rats control )

1 1significant decreased by 55% compared to G (normal control ).
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Concerning to LDL-cholesterol, it could be noticed that serum LDL-cholesterol are significantly increased

2 2 3 5 4in G (diabetic rats control ) by 721% compared to normal control. G , G  and G  which fed on cooked brown

rice high amylose(CBRH) , cooked white rice high amylose (CWRH) and cooked brown rice low amylose

(CBRL) significantly decreased serum  LDL-cholesterol level by 57, 50 and 48%, respectively. From data we

6found that G  which fed on cooked white rice low amylose (CWRL) significantly increased LDL-cholesterol

1 1by 401% compared to G (normal control ).

It is clear that white rice low amylose increased LDL-cholesterol and all treated rats were improved

relative to the diabetic control but these treated rats are still more than normal control animals.

These results are agreement with Kahlon and Chow (2000); Kahlon and Woodruff (2003) and Kahlon and

Smith (2004) who reported that the rice bran in brown rice binding by bile acid may be the primary

responsible for cholesterol lowering properties. Miura et al. (2006) and Hsu et al. (2008) reported that dietary

pre-germinated brown rice PGBR are well as BR had effective on hyperlipidimia and cholesterol metabolism

by decrease leading to significant reduction in total cholesterol level may be due to PGBR is rich in dietary

fiber which binding with bile acid and enhance increasing excretion. Also, PGBR had ã-oryzanol which reduce

serum cholesterol due to ã-oryzanol possesses antioxidant activity. 

2The data in Table (4) reveled that serum triglyceride and total lipid were significant increased in G

2 1 1 3 4(diabetic rats control ) by 127 and 85%, respectively compared to G (normal control ). G  and G  which fed

on cooked brown rice high amylose (CBRH) and cooked brown rice low amylose (CBRL) showed significant

7 8lower by 25 and 23% for triglyceride and by 31 and 72% for total lipid, respectively. Concerning to G , G

9and G  were fed on cooked rice pre-germinated  3h and 24 h and rice bread (R.B) from rice low amylose

significant lowered triglyceride and total lipid by 16, 19 and 15%, respectively for triglyceride and 25, 26 and

2 226%, respectively for total lipid compared to G  (diabetic rats control ). It clear that all treated rats was

improved relative to the diabetic control but these treated are still more than normal control animal. 

Table 4: Serum  triglycerides and total lipids values in normal and diabetic rats.

Groups triglycerides total lipids

--------------------------------------------- -----------------------------------------------------

mg/dl % mg/dl %

G1 103.8±8.6 - 326.3±17.3 -f e

G2 235.8±15.4 +127 605.0±25.7 +85a a

G3 176.8±8.6 -25 417.5±21.9 -31e d

G4 182.0±8.9 -23 440.5±22.4 -27de cd

G5 194.8±8.9 -17 471.3±22.5 -22c c

G6 212.0±9.3 -10 566.0±23.9 -6b b

G7 197.0±8.8 -16 456.8±22.4 -25c c

G8 190.0±8.8 -19 449.0±22.2 -26cd c

G9 199.5±8.9 15 446.5±22.0 -26c cd

L.S.D 5% 12.12 - 28.68 -  

1 2G1: Norm al rats (control )  fed on basel diet, G2: diabetic rats ( control ) fed on basel diet, G3: rats fed on cooked brown rice high

amylose  (CBRH), G4: rats fed on cooked brown rice low amylose  (CBRL), G5: rats fed on cooked white rice high amylose  (CWRH),

G6: rats fed on cooked white rice low amylose  (CWRL), G7: rats fed on cooked pre-germinated brown rice low amylose after 3 hour

of germination (CPGBRL), G8: rats fed on cooked pre-germinated brown rice low amylase after 24hour of germ ination (CPGBRL), G9:

rats fed on rice bread from brown rice low amylose (RB).

Cristiane et al. (2007) reported that serum triglyceride level and cholesterol level significant decrease after

consumption of a diet rich in amylose compared to diet rich in amylopectin (low amylose). Mitra et al. (2007)

and Shin et al. (2007) reported that the high resistant starch (HRS) in rice reduce serum cholesterol and LDL-

cholesterol may be due to R.S fermented to produce propionate which reduce serum and hepatic cholesterol.

Wilson et al. (2007) and Revilla et al. (2009) reported that ã-oryzanol which found in brown rice has a greater

effect on lowering plasma, triglyceride, total cholesterol and increasing HDL-cholesterol, possibly through a

greater extent to increase faecal excretion of cholesterol and its metabolites.

Effect of Feeding with Diets Containing Cooked Rice High or Low Amylose and Rice Bread on Kidney

Function of Normal and Diabetic Rats:

The results of kidney function, urea and creatinine in serum were reported in Table (5). The data showed

2 2 1  that urea are significantly increased in G (diabetic rats control ) by 100.5% compared with G (normal

1 3 8 5control ). However, G , G and G  which fed on cooked brown rice high amylose (CBRH), germinated brown

rice low amylose 24 h (PGBRL) and cooked white rice high amylose (CWRH) significantly decreased by 42,

38 and 34%, respectively. 
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Table 5: Serum  urea and creatinine values in normal and diabetic rats .

Groups Urea Creatinine

------------------------------------------------------ --------------------------------------------------------------

mg/dl % mg/dl %

G1 25.2± 2.1 - 0.95±0.09 -g c

G2 50.5±4.2 +100.5 2.6±0.31 +173.6a a

G3 29.3±2.2 -42 1.8±0.21 -30f b

G4 36.9±3.2 -27 2.0±0.24 -25cd b

G5 33.0±2.2 -34 1.9±0.26 -26de b

G6 41.7±2.9 -16 2.0±0.26 -23b b

G7 35.3±2.4 -28 1.9±0.19 -28cd b

G8 30.7±2.3 -38 1.9±0.17 -27ef b

G9 36.6±2.5 -26 1.9±0.28 -25cd b

L.S.D 5% 3.487 - 0.298 -

1 2G1 :Normal rats (control  )  fed on basel diet, G2 :diabetic rats ( control  ) fed on basel diet, G3 :rats fed on cooked brown rice high

amylose (CBRH), G4 : rats fed on cooked brown rice low amylose (CBR L), G5 : rats fed on cooked white rice high amylose (CWRH),

G6 : rats fed on cooked white rice low amylose (CWRL), G7 : rats fed on cooked prgerminated brown rice low am ylose after3 hour of

germination (CPGBRL), G8 : rats fed on cooked pre-germinated brown rice low amylose after 24 hour of germination (CPGBRL), G9

: rats fed on rice bread from brown rice low amylose (R B)

4 7 9G , G and G  which fed on CWRL, PGBRL 3 h and rice bread lowered serum urea by 27,28 and 26 %

6but there no significant differences between them, while G  which fed on cooked white rice low amylose

2 2(CWRL) shows slightly decrease in urea level in serum 41.69 mg/dl compared with G  (diabetic rats control )

50.55 mg/dl.

2 2From the same Table revealed that creatinine content significant icreased in G  (diabetic rats control )

by173.6% compared all groups which lowered creatinine content but there no significant differences between

them. These results are in agreement with Shin et al. (2007) who reported that the high resistant starch in

Japonica rice diet reduces serum creatinine of streptozotocin induced diabetic rats after 4 weeks feeding.

Effect of Feeding with Diets Containing Cooked Rice High or Low Amylose and Rice Bread on Liver

Function of Normal and Diabetic Rats:

The results of liver function, alanine tranferase (ALT) and aspartate tranferase (AST) in serum were

2presented in Table (6). The data showed that ALT and AST were significantly increase in G  (diabetic rats

2 1 1control ) by 610% and 318% relative to G (normal control ). However all treated groups were improved ALT

2 2and AST relative to G  (diabetic rats control ) but these treated are still more than those of normal control.

3 2 2ALT and AST were significantly decreased in G  by 63 and 75% compared with G  (diabetic rat’s control ).

5 7, Also, the data show that G6 slightly decrease in ALT and AST by 48and 53 %, respectively.G4, G  G G8

and G9 lowered ALT but there were no significant differences between them .While G5 significantly decreased

AST by 73 %than other groups.

Table 6: Serum  alanine transferase (ALT) and aspartate transferase (AST) values in normal and diabetic rats.

Groups (ALT ) (AST )

------------------------------------------------ ----------------------------------------------------

U/ml % U/ml %

-G1 14.5±0.5 23.8±1.9 -d e

G2 103.0±7.0 +610 99.5± 7.3 +318a a

- 63G3 38.3±2.1 24.5±2.1 -75c e

- 62G4 39.3±2.9 32.3±1.9 -68c c

-61G5 40.0±2.4 26.5±2.1 -73c de

G6 54.0±4.5 -48 47.0±3.7 -53b b

G7 38.3±2.4 -63 31.0±2.2 -69c cd

G8 37.3±2.2 -64 29.3±1.9 -71c cd

G9 36.8±2.9 -64 30.8±1.9 -69c cd

L.S.D  5% 4.52 - 4.17 -

1 2  G1 :Normal rats (control  )  fed on basel diet, G2 :diabetic rats ( control ) fed on basel diet, G3 :rats fed on cooked brown rice high

amylose  (CBRH), G4 : rats fed on cooked brown rice low amylase  (CBRL), G5 : rats fed on cooked white rice high amylase  (CWRH),

G6 : rats fed on cooked white rice low amylase  (CW RL), G7 : rats fed on cooked pre-germinated brown rice low amylase after 3 hour

of germination  (CPGBRL), G8 : rats fed on cooked pre-germinated brown rice low amylase after 24 hour of germination (CPGBRL),

G9; rats fed on rice bread from brown rice low amylose (RB).
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