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Abstract

Development of a new product of rice bran flour improves blood glucose and lipid levels in diabetes
mellitus patients in Taiwan. The first and second year: we investigated the effects of rice bran flour
supplementation on the blood glucose, lipid, and insulin concentration in type 2 diabetes mellitus
subjects after 20 g of rice bran each day for 4 and 12 week. Third years: we investigated the
effects of rice bran flour of mass production in factories on the blood glucose, lipid, and insulin
concentration in type 2 diabetes mellitus for 12 week, and the stability and safety evaluation of
rice bran of mass production in factories. The first year: forty two type 2 diabetes subjects in
Taipei, aged 30 to 80 years volunteered to participate. According to different glycated
hemoglobin (HbA;c) was separated SLH (slight hyperglycemic, HbA;c <6.8), MIH (mildly
hyperglycemic, HbAc 6.8-8.5), and > SEH (severely hyperglycemic, HbA ¢ <8.5). Subjects
were supplement 20 g rice bran flour for 4 weeks. On the beginning and 4 weeks, we send the
subjects for a three hour oral glucose tolerance test (OGTT). After 30, 60, 90, 120, and 180 min,
blood was collected. The results showed that plasma glucose levels in MIH and SEH were tended
to decrease. After diabetic subjects supplement rice bran for 4 weeks, HbA ;- was significant
decreased in SEH (P<0.05). Moreover, consumption of rice bran diets significant decreased the
areas under the response curves for glucose in SEH. The second year: forty-eight type 2 diabetes
subjects in Taipei, aged 30 to 80 years volunteered to participate. Subjects were supplement 20 g
rice bran flour (RB group) or rice flour (Placebo group) for 12 weeks. On the beginning, 4, 8 and
12 weeks, we send the subjects for a three hour oral glucose tolerance test (OGTT). The results
showed that HbA ¢ was significantly decreased in 4, 8, and 12 weeks in RB group compare with
baseline. The areas under the response curves for insulin in 4, 8, and 12 weeks in RB group were
significantly increased. In addition, blood LDL-cholesterol concentrations were significant
decreased for 12 weeks in RB group. The third year: twenty-four type 2 diabetes subjects in Yilan,
aged 30 to 80 years volunteered to participate. This study is designed as randomized, double-

blind and crossover trials, subjects were randomized to two sequences that included 5 weeks of
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treatment with 38 g of rice bran flour and rice flour. Treatment was preceded by a 14-day
washout period. On the beginning, 5, 7 and 12 weeks, we send the subjects for a three hour oral
glucose tolerance test (OGTT). The results showed that HbA;c and fasting plasma glucose
concentration was significantly decreased after 5 weeks rice bran flour supplementation. On the
contrary, subjects were supplement rice flour that did not affect HbA;c. In conclusion, type 2
diabetes mellitus subjects after 20 g of rice bran each day for 4 weeks (short term) or 12 weeks
(long term) were significantly decrease. Long-term intakes of rice bran flour were significantly
increased insulin secretion and decreased LDL-cholesterol concentration. Type 2 diabetic patients
supplement rice bran flour can improve blood glucose and lipid control. Furthermore, intakes of
rice bran flour of mass production in factories in type 2 diabetic patients were significantly
decreased 2.5% HbAc. The heavy metal content and pesticides content of rice bran flour
conformed to security level.

Key words: Rice bran flour, Rice flour, Type 2 diabetes, Blood glucose, Glycated hemoglobin
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Table 1. Baseline characteristics of subjects’

Slight hyperglycemic mildly hyperglycemic severely hyperglycemic

(SLH) (MIH) (SEH)
Men/women (n) 6/7 5/6 9/9
Age (years) 60.2 £ 11.2 60.0 £9.7 53.1+ 124
Disease duration 87+7.4 13.5+£8.1 13.5+4.2
BMI? (kg/m?) 27.7+3.5 25.4+5.0 263 +4.4
Glucose (mg/dL) 124.5+22.2 165.1 +53.3 216.2 +58.1
HbAlc (%) 6.2 0.4 7.7+0.4 103+1.5

1. Values are means + SD.
2. BMI, Body mass index.

Table 2. Rice bran supplementation effects on fasting glucose, insulin and HbA .
Slight hyperglycemic mildly hyperglycemic severely hyperglycemic
(SIH) (MIH) (SEH)
0 wk 4 wk 0 wk 4 wk 0 wk 4 wk

Glucose d d c c a ab
124.5+22.29127.0 +23.4% 165.1 £31.2°163.8 + 17.5° 216.2 +58.1* 199.5 + 62.0

(mg/dL)
insulin

(ulU/mL)

HbA ¢ (%) 63+04° 63+04° 77+04>  76+05° 103+15 99+1.5"

9.1£33* 92+£52° 9.7+38" 12.8+6.1° 9.6 £5.9° 8.5+£5.0°

1. Values are means + SD.
2. Values in the same row with different superscripts are significantly different by Fisher’s least

significant different test. (p<0.05)
3. Values in the same row with asterisk are significantly different by paired t test.



Table 3. Rice bran supplementation effects on blood lipids profile.

Slight hyperglycemic (SIH) mildly hyperglycemic (MIH) severely hyperglycemic (SEH)
0 wk 4 wk 0 wk 4 wk 0 wk 4 wk
TC (mg/dL) 190.7+35.3*  190.8 +36.7° 220.1 + 42.6" 216.8 + 42.5° 2109 £40.6°  211.7+33.7°
TG (mg/dL) 124.1+52.1° 1112 +57.6° 163.7 £ 65.1  160.8 +91.0* 178.0 £ 853  165.3 £ 79.3®
LDL-C (mg/dL) 121.7+£32.3*  115.2 £33.5° 132.8 £28.1*  127.5 £25.5" 136.1 £36.7* 1342 +26.4™
HDL-C (mg/dL)  50.3 + 8.2 47.8 +10.4%° 45.5 +9.2% 452 +10.4%° 51.9 + 13.9° 52.8 +12.5°

1. Values are means + SD
2. Values in the same row with different superscripts are significantly different by Fisher’s least significant different test. (p < 0.05)

3. TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
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Figure 1. Effects of rice bran supplement on postprandial blood insulin response over 180 min
and areas under the response curves. Values are means = SEM. Values with different superscripts
are significantly different by Fisher’s least significant different test. (p < 0.05). Values with
asterisk are significantly different by paired t test (p<0.05).
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Figure 2. Effects of rice bran supplement on postprandial blood glucose response over 180 min
and areas under the response curves. Values are means = SEM. Values with different superscripts
are significantly different by Fisher’s least significant different test. (p < 0.05). Values with
asterisk are significantly different by paired t test (p<0.05).
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Table 1 The composition of rice bran and rice flour.

(%) rice bran flour rice flour
Moisture 144+£03 13.1£0.1
Protein 120+£0.3 6.5+£0.2
Fat 19.4+£0.5 0.4=+0.1
Ash 9.2+0.7 0.7+0.1
T.D.F. 256t14 0.2+0.0
Non-nitrogen extract 194+24 79.1 £0.6

1. Values are means £ SD
2. T.D.F,, total dietary fiber
3. Non-nitrogen extract = 100 - (moisture + protein + fat + ash + T.D.F.)

Table 2 Characteristics of subjects.

Placebo Rice bran (RB)
men/women (n) 6/7 14/21
age (years) 574+ 1.6 572+1.7
BMI (kg/m?) 26.1+0.6 263+0.6
Systolic BP (mmHg) 126.8 +4.4 127.0+2.9
Diastolic BP (mmHg) 76.5+3.8 73.5+1.6

1. Values are mean + SEM.

2. BMI, body mass index; BP, blood pressure.
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Table 3 Average daily intake of energy, protein, fat and carbohydrate in twenty-four hour dietary recall in subjects during intervention periods.

Week 0 Week 4 Week 8 Week 12

Placebo (n=13) RB (n=35) Placebo (n=13) RB (n=35) Placebo (n=11) RB (n=32)  Placebo (n=11) RB (n=29)

kcal/day 1662.6 £ 151.1 1575.8+96.3 15263 +£137.8 1617.0+128.7 1528.9+182.0 1522.0+148.2 1609.6 = 139.1 1650.4 £ 105.4

Protein (g) 59.6 + 8.7 58.6 + 4.3 58.6+ 6.9 60.7 + 6.1 55.8 + 8.1 55.7+5.7 575+7.1 56.2+4.2
Fat (g) 60.0 + 7.2 58.5+ 4.1 57.5+6.9 553+5.9 50.3+5.7 58.2+4.5 53.5+5.1 553453
CHO (g) 22494226 2052+148 1944+135 2143+18.6  212.8+27.1 195.8+245 2269+21.7 2333+15.7
T.D.F (g) 17.9+2.0°  142+1.7° 13.6 +2.0° 16.1+1.1% 129+ 1.9° 16.1 +1.6™ 16.4 +1.9% 20.0 + 2.0
Protein (%E) 14.3 14.9 153 15.0 14.6 14.6 143 13.6

Fat (%E) 32.5 33.4 33.9 30.8 29.6 34.4 29.9 30.2
CHO (%E) 54.1 52.1 50.9 53.0 55.7 51.5 56.4 56.6

1. Values are means + SEM.
2. CHO, carbohydrate; T.D.F., total dietary fiber; %E, % of energy.
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Table 4 Fasting glucose and HbA ¢ in intervention periods.

Week 0 Week 4 Week 8 Week 12
Fasting glucose (mg/dL)
Placebo 156.5+9.7 153.5+10.0 1563+7.1 172.1+14.9
RB 169.8+82 167.1+7.3 166.0+7.8 159.4 + 6.8
HbAc (%)
Placebo 8.08+0.36 7.93+0.31 7.66 +0.24 7.64+0.18
RB 7.87+£024 7.68+021" 7.45+0.19°  7.40+0.19"

1. Values are means = SEM.

2. Values in the same row with asterisk (*) significantly different from baseline in the placebo and

with symbol (#) present significantly different from baseline in the RB group.

Table 5 Serum lipid profiles in intervention periods.

Week 0 Week 4 Week 8 Week 12
TC (mg/dL)
Placebo 195.4 + 10.4 197.1+7.7  189.5+8.0 198.8+7.5
RB 203.6+ 6.4 2047+62  203.0+7.0 194.7 +7.0
TG (mg/dL)
Placebo 123.3+19.5  157.9+20.0 152.5+248  145.7+20.5
RB 146.1+12.3  1223+89  135.7+94 138.7 £ 16.5
HDL (mg/dL)
Placebo 38.1+1.6 36.6+ 1.5 384+ 1.9 39.5+ 1.8
RB 45.1+1.7 43.5+2.0 44.0+1.8 41.7+1.7*
LDL-C (mg/dL)
Placebo 125.8 + 6.7 1285+3.9  1183+5.9 1343+ 6.0
RB 126.6 + 4.5 1215442  127.1+5.1 1163+ 4.7

1. Values are means + SEM.
2. Values in the same row with asterisk (*) significantly different from baseline in the placebo

group and with symbol (#) present significantly different from baseline in the RB group.
3. TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low

density lipoprotein cholesterol.
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Figure 1 Mean effect of intervention periods on postprandial blood glucose areas under curves
(AUC) response. An asterisk (*) present significantly different from baseline in the same

group (placebo group).
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Figure 2 Mean effect of intervention periods on postprandial blood insulin areas under curves (AUC)
response. A symbol (#) present significantly different from baseline in the same group
(RB).
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Table 1 Characteristics of subjects.

Placebo Rice bran (RB)
Baseline Week 5 Baseline Week 5
men/women (n) 5/19
age (years) 54.0+14.5
BMI (kg/m) 245+2.9 244+29 244 +2.8 245+2.8
Systolic BP (mmHg) 123.2+17.0 121.0+ 16.6 122.8 £19.6 127.0 £20.1
Dystolic BP (mmHg) 73.0+9.1 72.8+9.0 73.9+8.6 76.5+ 8.1

1. Values are mean + SD.
2. BMI, body mass index; BP, blood pressure.

Table 2 Average daily intake of energy, protein, fat and carbohydrate in twenty-four hour dietary

recall in subjects during intervention periods.

Placebo RB
Baseline Week 5 Baseline Week 5

kcal/day 1480.0 +444.9 1570.8 = 483.6 1621.6 £427.8 1593.4 £421.7
Protein (g) 53.6+21.8 55.3+18.3 55.8+18.3 57.0+19.1
Fat (g) 50.3+19.0 53.1+21.6 53.3+20.0 56.7 +20.4
CHO (g) 204.1 £76.0 218.2+75.0 226.7+75.2 214.1 £ 62.9
T.D.F (g) 11.3+5.0° 10.8+5.7° 11.3+4.5° 16.8 + 5.3
Protein (%E) 143+34 14.1+£25 13.8+2.8 142+2.7
Fat (%E) 31.1+£8.9 30.2+£8.2 30.1£10.0 32.1+7.8
CHO (%E) 54.9 £ 10.1 55.8+8.9 55.6£10.0 53.8+8.2

1. Values are means + SD.
2. Values in the same row with different superscripts are significantly different at P < 0.05.
3. CHO, carbohydrate; T.D.F., total dietary fiber; %E, % of energy.
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Table 3 Blood glucose and HbA ¢ levels in intervention periods.

Placebo RB
Baseline Week 5 Change (%) Baseline Week 5 Change (%)
Fasting plasma glucose (mg/dL)  140.3+£359 141.8+42.6 2.3+24.0 156.6 +403 137.1+39.0° -10.8+20.6
HbAc (%) 7.57 £1.65 7.60 £ 1.55 0.7+44 7.90+1.73 7.67+1.57 -25+£52

1. Values are means + SD.

2. Values with asterisk (*) significantly different from baseline values.

Table 4 Serum lipid profiles in intervention periods.

Placebo RB
Baseline Week 5 Baseline Week 5
TC (mg/dL) 183.8 £37.6 188.0 £ 36.6 188.7 +42.0 187.0 £37.1
TG (mg/dL) 132.4+67.2 137.1 £54.8 136.0 £ 67.6 136.0+61.8
HDL (mg/dL) 414+9.6 42.9+10.7 43.0+11.1 419+8.8
LDL-C (mg/dL) 118.0 £33.3 125.1+34.5 1243+ 384 123.6 £39.8

1. Values are means + SD.

2. TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
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Figure 1. Mean effect of intervention periods on postprandial plasma glucose areas under curves

(AUC) response. Values are mean + SD.
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Figure 2. Mean effect of intervention periods on postprandial serum insulin areas under curves

(AUC) response. Values are mean + SD.
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