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Levels of Plasma Glucose and Lipid in Rats Fed Bread
Supplemented with Natural Extracts
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Abstract In this study, 4-week-old rats were fed bread supplemented with Terminalia chebula (TC), Plantago asiatica
(PA), Linder obtusiloba (LO), and Capsosiphon fulvescens (CF) ethanol extracts, to determine the decrease in blood
glucose levels, as well as the anti-inflammatory and lipid-enhancing effects. Previous studies have demonstrated the
antioxidative effects of these ethanol extracts. After sacrifice, the liver tissue, whole blood, and serum samples were
collected for biochemical analysis. The results showed a significant decrease in blood glucose level, lipid peroxidation,
malondialdehyde (MDA) level, HbAlc level, total cholesterol, and low-density lipoprotein (LDL)-cholesterol (p<0.05) and
an increase in high-density lipoprotein (HDL)-cholesterol level in rats fed bread supplemented with LO and CF ethanol
extracts (p<0.05). Therefore, the results of this study demonstrate that bread supplemented with LO and CF ethanol
extracts can potentially affect the blood glucose level and lead to lipid enhancement.
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Table 1. Experimental animals design

Experimental group (name) Number of rat
Normal bread group (Con) 8
Bread added with Terminalia chebula extract group (BT) 8
Bread added with Plantago asiatica extract group (BP) 8
Bread added with Linder obtusiloba extract group (BL) 8
Bread added with Capsosiphon fulvescens extract group (BC) 8
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Table 2. Ingredients and composition of materials

Ingredients Con” BT? BPY BLY BCY
Strong flour 3500 3500 3500 3500 3500
Yeast 87.5 87.5 87.5 87.5 87.5
Sugar 350 350 350 350 350
Salt 63 63 63 63 63
Improving agent 35 35 35 35 35
Yeast food 3.5 3.5 3.5 3.5 3.5
Butter 350 350 350 350 350
Skim milk powder 105 105 105 105 105
Egg 175 175 175 175 175
Milk 525 525 525 525 525
Water 1750 1750 1750 1750 1750
Extracts 25 30 23 !

(0.71%) (1.43%) (0.71%) (0.03%)
Total (g) 6941 6969 6994 6969 6945

DCon: normal bread

YBT: bread added with Terminalia chebula extract
9BP: bread added with Plantago asiatica extract

YBL: bread added with Lindera obtusiloba extract
SBC: bread added with Capsosiphon fulvescens extract
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Table 3. Dietary effect of bread added with Terminalia chebula, Plantago asiatica, Lindera obtusiloba and Capsosiphon fulvescens ethanol
extract on the food intake, food efficiency ratio (24), water intake, body weight and relative organ weight in the rats fed for 4 weeks

Body weight Food intake Food efficiency ratio Water intake Liver Kidney
() (g/day) (mL/day) (g/100 g B.W.) (g/100 g B.W.)
Con" 333.13x16.107 24.65+3.59 0.53+0.17 48.75+22.32 2.75+0.25 0.67+0.07
BT? 328.25+12.79 24.12+3.18 0.53+0.26 45.63+25.56 2.54+0.37 0.63+0.02
BPY 329.63+11.04 24.08+2.28 0.53+0.39 46.88+28.40 2.61+0.20 0.65+0.05
BL” 328.75+12.71 21.63+£3.66 0.54+0.30 44.38+12.94 2.5240.33 0.64+0.07
BC? 331.75£17.03 23.78+3.50 0.43+0.18 45.63+25.56 2.55+0.23 0.69+0.06
"Con: normal bread
“Mean+SD

BT: bread added with Terminalia chebula extract
“BP: bread added with Plantago asiatica extract

JBL: bread added with Lindera obtusiloba extract
9BC: bread added with Capsosiphon fulvescens extract

Table 4. Dietary effect of bread added with Terminalia chebula, Plantago asiatica, Lindera obtusiloba and Capsosiphon fulvescens ethanol
extract on serum levels of ALP, AST, ALT, Creatinine and BUN in the rats fed for 4 weeks

ALPY AST? ALTY Creatinine BUN?
Con® 147.25+36.519 61.50+£6.76 21.38+7.21 0.40+0.02% 16.30+6.32
BT? 130.38+29.77 67.13£9.67 20.3844.31 0.36+0.05° 14.51+£3.44
BPY 144.75+£33.33 62.83+£7.03 25.00£12.56 0.35+0.02° 12.44+£3.11
BL? 133.75+£32.60 77.13£13.51 25.13£7.18 0.34+0.03° 14.13£4.09
BC'O 137.88+25.61 76.63£21.76 29.38+10.23 0.37+0.03® 13.03£1.57

DALP: Alkaline phosphatase

PAST: Aspartate aminotransferase

JALT: Alanine aminotransferase

YBUN: Blood urea nitrogen

Con: normal bread

“Mean+SD

"BT: bread added with Terminalia chebula extract
®BP: bread added with Plantago asiatica extract

YBL: bread added with Lindera obtusiloba extract
'"BC: bread added with Capsosiphon fulvescens extract

**Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s method.
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Fig. 1. Dietary effect of bread added with Terminalia chebula,
Plantago asiatica, Lindera obtusiloba and Capsosiphon fulvescens
ethanol extract on fasting blood glucose level in the rats fed for 4
weeks. Con: normal bread, BT: bread added with Terminalia
chebula extract, BP: bread added with Plantago asiatica extract, BL:
bread added with Lindera obtusiloba extract, BC: bread added with
Capsosiphon fulvescens extract. Eight rats in each group. Means in a
row by different superscripts are significantly different at the p<0.05
by Duncan’s method.
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Fig. 2. Dietary effect of bread added with Terminalia chebula,
Plantago asiatica, Lindera obtusiloba and Capsosiphon fulvescens
ethanol extract of oral glucose tolerance test (OGTT) in the rats
fed for 4 weeks. Con: normal bread, BT: bread added with
Terminalia chebula extract, BP: bread added with Plantago asiatica
extract, BL: bread added with Lindera obtusiloba extract, BC: bread
added with Capsosiphon fillvescens extract. Eight rats in each group.
Means in a row by different superscripts are significantly different at
the p<0.05 by Duncan’s method.
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Fig. 3. Calculating the area under the blood glucose
concentration-time curve (AUC) during the oral glucose
tolerance test (OGTT). Con: normal bread, BT: bread added with
Terminalia chebula extract, BP: bread added with Plantago asiatica
extract, BL: bread added with Lindera obtusiloba extract, BC: bread
added with Capsosiphon fulvescens extract. Eight rats in each group.
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Fig. 4. Dietary effect of bread added with Terminalia chebula,
Plantago asiatica, Lindera obtusiloba and Capsosiphon fulvescens
ethanol extract on hemoglobin Alc. Con: normal bread, BT: bread
added with Terminalia chebula extract, BP: bread added with
Plantago asiatica extract, BL: bread added with Lindera obtusiloba
extract, BC: bread added with Capsosiphon fulvescens extract. Eight
rats in each group. Means in a row by different superscripts are
significantly different at the p<0.05 by Duncan’s method.
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Fig. 5. Dietary effect of bread added with Terminalia chebula,
Plantago asiatica, Lindera obtusiloba and Capsosiphon fulvescens
ethanol extract on serum insulin level. Con: normal bread, BT:
bread added with Terminalia chebula extract, BP: bread added with
Plantago asiatica extract, BL: bread added with Lindera obtusiloba
extract, BC: bread added with Capsosiphon fulvescens extract. Eight
rats in each group.
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Table S. Dietary effect of bread added with Terminalia chebula, Plantago asiatica, Lindera obtusiloba and Capsosiphon fulvescens ethanol
extract on serum levels of total cholesterol (TC), triglyceride (TG), low-density lipoprotein-cholesterol (LDL-C) high density
lipoprotein-cholesterol (HDL-C), ratio of HDL-C/LDL-C and atherosclerosis index in the rats fed for 4 weeks

TCV TG? LDL-C? HDL-CY HDL-C/LDL-C ratio
Con” 95.75+15.83%) 46.00+12.17° 21.50+6.02° 71.13+4.36° 3.53+0.98
BT” 86.75+10.58" 45.38+9.58° 18.25+4.71% 79.00+8.40% 4.52+0.96
BPY 91.25+11.25° 59.63+16.97° 17.63+5.07%° 81.13+8.51® 4.92+1.44
BL” 75.88+7.94° 37.13+6.10° 15.25+3.77° 75.75+12.93 5.37+1.96
BC'? 82.13+15.45° 44.13+6.33" 15.75+3.54° 87.50+9.93° 5.77+1.33

DTotal cholesterol (TC)

ITriglyceride (TG)

JLow-density lipoprotein-cholesterol (LDL-C)

YHigh density lipoprotein-cholesterol (HDL-C)

Con: normal bread

“Mean+SD

BT: bread added with Terminalia chebula extract
®BP: bread added with Plantago asiatica extract

“BL: bread added with Lindera obtusiloba extract
'"BC: bread added with Capsosiphon fulvescens extract

**Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s method.
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Fig. 6. Dietary effect of bread added with Terminalia chebula,
Plantago asiatica, Lindera obtusiloba and Capsosiphon fulvescens
ethanol extract on serum MDA level. Con: normal bread, BT:
bread added with Terminalia chebula extract, BP: bread added with
Plantago asiatica extract, BL: bread added with Lindera obtusiloba
extract, BC: bread added with Capsosiphon fulvescens extract. Eight
rats in each group.
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Fig. 7. Expression of PPAR-o. and PPAR-y mRNA in the liver
tissue. (A) Expression of PPAR-a, (B) Expression of PPAR-y, Con:
normal bread, BT: bread added with Terminalia chebula extract, BP:
bread added with Plantago asiatica extract, BL: bread added with
Lindera obtusiloba extract, BC: bread added with Capsosiphon
fulvescens extract. The mRNA expression of PPAR-ot and PPAR-y
were measured by quantitative RT-PCR.
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